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Premise 

“To ask  for a definition of life is to ask a something on which proverbially no satisfactory 
agreement obtains” (C.H. Waddington, 1968) 

 
This paper is aimed at remembering the important pioneer studies and theories by A.J. Lotka, 

I. Prigogine, J. Maynard Smith, M. Eigen, C.H. Waddington, D. Levins, R.C Lewontin  and M. 
Ageno (limiting the list to few names), that still represent a fundamental reference for what was 
defined as theoretical biology. Most of their ideas and principles still represent the basis of  the 
theoretical approaches, and, in particular, for the system theory, application to biology.  

An attempt of deriving some ideas on the evolution process is here presented, that are based 
on a ‘complexity’ point of view. 

The too much simplified formulation of Darwin principle  

“ A process which led from amoeba to man appeared to philosophers to be obviously a progress - 
though whether the amoeba would agree with this opinion is not known” (B. Russell, 1914, cited by A.J. 
Lotka, in Ref.6).  

 
It is today largely accepted that the concepts and tools of system theory and a ‘complexity’ 

point of view may provide a suitable approach for the examination of the Charles Darwin 
principles of random variation, environmental selection, struggle for life leading to the survival 
of the fittest.  As mentioned by Darwin himself, the principle of struggle for survival was 
suggested by the T. R. Malthus theory, while an attentive consideration the centuries-old 
experience and practical criteria of horse and dog breeders (who, following a substantially non - 
Lamarkian  criterion, select and mate the individuals most suitable for their purposes, 
progressively improving the offspring characters) was an important element for the definition of 
the principle of  character hereditary transmission. The thoroughly closely investigation of 
spatial distribution, differences and analogies of biological species (in particular during the 
Beagle ship voyage) provided objective data further stimulating the theory development. This 
fundamental Darwin work succeeded in putting together many categories of data, experiences, 
attentive observations and theoretical evaluations into a coherent, rational and revolutionary 
theory, constituting an important step in the direction of a theoretical biology and of a 
‘complexity’ approach for investigating biological systems. 

The simplest and common formulation of the Darwin principle – random variation and 
environmental selection - certainly does not exhaust all his thought. It is however the mostly 
discussed and known. Whenever regarded through the criteria of system theory approach, it 
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might be considered as the ‘local’ point of view of an observer whose attention is ‘locally’ 
focused on the particular species and on the stimuli that it receives. In other words, the 
relationship between the species and the environment is generally assumed to be unidirectional, 
as the one of a “selector” subject with a “selected” object, in which only the first has the 
capability of conditioning the latter. This subject-object opposition, basic in the language and 
human thinking structure, may be thought to also include the one between a creator subject and 
a created object. 

There is no doubt that the Darwin principles, also in their simplest formulation, maintains its 
validity (as for instance shown by the continuous increase of antibiotic-resistant pathogens that 
had been and are selected after the extended use of antibiotics); their consideration within a 
“complexity” point of view is however certainly useful.  

The increase of the interaction complexity: some 
considerations on the time scale 

“The ‘discovery’ of the geological time has been the necessary condition for the first, global 
interpretation of the evolution process, proposed by Charles Darwin more than 130 years ago”  
(4)  

 
As underlined by Ageno (1), living organisms are not necessarily ‘tending’ towards higher 

organisation levels. The evolution process from simpler to more complex organisms cannot be 
considered as characterised by a directional and oriented pattern, but rather by something as a 
complicated landscape. Moreover, available data and estimates provide the indication of the 
extinction of 99% or more of the species appeared in the world  (2), and , from the other hand, 
the clear evidence of a very large amount (in terms of number and mass) of  very simple 
organisms presently coexisting together with much more complex ones, clearly testifies that 
evolution towards higher organisation levels is not a general trend  (based on this, it has been 
argued that bacteria could be “the fittest”)  (3). It is worthwhile noticing that observations in 
some way similar were also presented by C. Darwin.   

As is known, the first simplest forms of life (primordial prokariotes) are estimated to have 
appeared earlier than 3.5 billions years ago and, presumably, 3.8 – 4.0  billions years ago, while 
the first eukaryote cells presumably appeared around 1.0 –1.2 billions years ago, followed, 
around  600 millions years ago, by the first multicellular organisms with shell or skeleton. The 
life moved from the water to the terrestrial environment about 430 millions years ago, the first 
mammals appeared around 240 millions years ago, and the genus homo about 2 millions years 
ago (1, 18).  

A first possible observation is that the initial phase of evolution, leading to the appearance of 
the first prokaryotic cells, may be considered to have required a relatively short time period (at 
least in “geological time units”). In fact, radioactive dating indicates that the earth’s crust 
solidified about 4.6 billions of years ago; afterwards, further time was necessary for a suitable 
reduction of earth surface temperature and for the formation of the first atmosphere, through 
degassing (5). This means that the first prokaryotes appeared presumably less than 1 billion 
years after the establishment of earth suitable conditions. It is worthwhile noticing that the time 
period between the appearance of the first prokaryotes and the appearance of the first eukaryotes 
was much longer (in the order of 3 billion years).  As already said, the following steps were, in 
geological time, relatively rapid.  Lastly, the first homo is assumed to have appeared something 
less than 1 billion of years after the first eukaryotes. This means, in some way paradoxically, 
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that the transition from eukaryotes to homo required much less time than the one from 
prokaryotes to eukaryotes (so that, if time is assumed as the only criterion, the evolution from 
the first eukaryotes to man could be considered to have been less “problematic” than the one 
from prokaryotes to eukaryotes).  

This is an interesting point, suggesting that the “eukaryote revolution” has created the 
conditions essential for an “easy” transition towards more complex structures. 

This time scale is of major interest. The time series and time trend analysis commonly used 
in physical and biological studies (generally with much shorter time units) may be of help in the 
analysis of these processes. The “stasis and punctuate change” theory (3), hereafter briefly 
discussed, has been largely founded on time scale-related considerations on biological 
evolution, pointing out its discontinuities and sudden changes. 

The increase of the interaction complexity: Struggle for 
life, co-operation for life (association, symbiosis), 
stability and instability 

 

“The organisms do not experiment  environments: create them” (2) 
 
“Symbiosis: Progress through co-operation” (4) 
 
 “The instances cited should be sufficient to demonstrate how effectively resourceful nature 

makes use, in her economy, of instability, with  its cumulative potency, as a progressive force; 
as well as of stability, the essentially conservative element in evolution” (6) 

 
“Biological systems are individualised, not repetitive as the physical systems” (1). 
 
As discussed by Lewontin (2), the biological organisms cannot be simply considered the 

passive consequence of external actions and stimuli. Rather, the whole interactions among the 
organisms and within organisms constitute something much more complex, and the organisms 
actively contributed to the creation of the environment, so that their changes are selected by an 
environment that they have contributed to create.  This is true also at a “global” level. 

As widely recognised, an oxidising atmosphere is considered as non appropriate for the 
development of the first forms of life. According to the original Haldane (19) theory, that has 
found large support by successive studies (e.g., see ref. 1), the original atmosphere of our planet, 
suitable to consent the easy formation of the principal amino-acids in the presence of solar UV 
radiation, was constituted by a gas mixture including the four elements essential for life, H, O, 
N and C, but with the absence of free oxygen. Available evidences indicate a transition, about 
two billions years ago, towards an oxidising, free oxygen rich atmosphere. This change has been 
attributed to the action of photosynthetic organisms (e.g., cyanobacteria)  biochemically 
transforming carbon dioxide and water into carbohydrates and progressively releasing large 
quantities of molecular oxygen into the environment and starting the oxidation process (5). The 
oxygen diffusion in the atmosphere also led to the ozone layer formation, and, consequently, to 
a significant reduction of ultra violet radiation intensity at the soil level, therefore consenting the 
existence of the present life forms. A new equilibrium was reached, with the oxygen use in 
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metabolic processes (oxidising metabolism), and the appearance of respiration processes. Life 
spread out of water and vegetation invaded the earth (7) (5). It could be observed that in this 
transition also some positive feed-back chain could have arisen, speeding up the process (e.g., 
the consequences of vegetation diffusion). In conclusion, a certainly “global” transformation of 
the environment has been caused, or, in some way, has been “selected”, by biological 
organisms.  

The important theory formulated by Eigen (5) has provided a fundamental model, based on 
the auto-catalysis principle (i.e., on a process characterised by a positive feed-back), of the pre-
biotic processes suitable to lead to the formation of the first living organisms. The simplest form 
of the model entails the interaction of two sets of molecules, the first of them constituted by  
“nucleic acid-like” molecules, able to self-reproduce and to catalyse the synthesis of a second 
type of molecules, that, in turn, catalyse the reproduction of the first ones (this latter molecule 
category might be constituted by “protein-like” molecules or by RNA molecules capable of 
catalysing the replication). The more general hypercycle model is an extension of the simplest 
form, constituted by  a cyclic connection of single reproduction cycles, with an integration of 
more “genes” and more catalytic processes. This kind of association, whenever emerging by 
chance in a biochemical system, may survive and diffuse in it, starting a further evolution 
process towards a more complex DNA genome – protein enzyme based system. The  “RNA-
catalysed RNA replication” model (5) (8) (9), assumes a condition (“RNA World”) in which the 
genetic information is residing in a RNA molecule sequence and another RNA catalyses the 
replication properties, while the “Protein World” hypothesis gives the same role to proteins 
(e.g., ref. 10). 

It is worthwhile noticing that, as specified by Eigen (5), the hypercycle model has 
remarkable analogies with the RNA virus structure and biological action, so that it cannot be 
considered only a theoretical hypothesis, but rather its principles finds support by observable 
biological processes (the ‘auto-catalytic properties’ of viruses are so efficient to allow them a 
very rapid auto-replication within the infected cells and their invasion: “RNA-viruses are natural 
hypercycles”,  ref. 5) (It is however important to specify that Eigen does not consider RNA or 
other viruses as possible candidates for a first from of life, because they cannot develop in the 
absence of a host cell and, rather, may be assumed to be the product of a pre-existing form of 
life).  

Moreover, in a system like the hypercycle, the “internal” selection has a major role:  the 
meaning of mutations of  the hypercycle nucleic acids will be mostly determined by their 
capability of improving or reducing the efficiency of the whole cycle, in terms of replication 
potential  (5). 

The universality of the code (even if some minor differences have been identified in some 
cases) appears as an exceptional feature within the context of the extremely high variability of 
the life forms, and may represent a major topic in the “complexity” research. Eigen 
hypothesises that the universal character of the cellular genetic code and of  the bio-synthesis 
mechanism might be attributed to a “once for ever”  decision: the properties of  the hypercycle, 
endowed with an extremely high selective potential within a pre-biotic environment and, 
consequently with the capability of  predominate in it, as well as  with the capability of reaching 
a high stability level, may make it a candidate for this event (5).  

The development of eukaryotes, probably “the most important and deep discontinuity in 
evolution” (1), was a fundamental step toward a complexity level that opened the way to a 
further extremely wide and rapid evolution, and, according to J.R. Reichholf (4),it may be 
considered a “progress trough co-operation” based on symbiosis. There is today a large 
agreement on the hypothesis, developed in detail by L. Margulis (11, 12), of the origin of 
eukaryotes as the result of the incorporation (presumably within a predator-prey relationship), 
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by a prokaryote cell (possibly a primitive mycoplasma), of other specific co-existing 
prokaryotes. As is known, eukaryote cell organs, as mitochondria (producing energy rich 
phosphoric compounds – ATP through an oxidising metabolism) and chloroplasts (effecting the 
photo-synthesis) have their own independent DNA, their own membrane and may reproduce 
themselves autonomously within the host cell. Moreover, they have  structures and properties 
largely analogous to the ones of  prokaryotic organisms capable of effecting oxidising 
metabolism or photosynthesis. Similar considerations hold for other structures of eukaryotic 
cells, that are composed by tubulins (centrioles, kinetosomas, eukaryotic cilia and flagella, 
mitotic apparatus), that are hypothesised to have derived from incorporated prokaryotic 
spirochete-like organisms. According to this theory, the formation of animal and vegetal 
eukaryotes cells respectively implied the incorporation of three and four different types of 
prokaryotes in the ‘hosting cell’ internal environment (in the case of  vegetal eukaryote cells 
also the photo-synthesiser prokaryotes) (1). 

Necessary conditions for this result obviously were the survival and the achievement of an 
equilibrium of the ‘guest’ organisms within the ‘host cell’ internal environment, the 
establishment of suitable symbiotic interactions (which implies specific characteristics of the 
‘ingested’ and the ‘ingesting’  organisms), as well as a process suitable to replicate this more 
“complex” new cell without the loss of  its new acquired characteristics (that means the co-
ordinated reproduction of the organisms associated in this new form). A condition possibly 
facilitating  the survival of the ‘guest’ organisms within the ‘host’ organisms could have been 
some similarity of the internal cell environment to the ‘primordial broth’.  

Some conditions may have facilitated this process; for instance, a possible process leading to 
the incorporation of a mitochondrion-like prokaryote by an other prokaryote (presumably a 
proto-mycoplasma) could have included several steps: loss and diffusion of some amount of 
energy reach molecules in the area close to their producer (the mitochondrion-like prokaryote);  
an approaching of the second prokaryote (proto-mycoplasma-like), stimulated by the presence 
of these molecules; then, the phagocytosis of the first by the latter organism (1).  

It is worthwhile underlining that the “bricks” with which the eukaryote cell was constructed 
were complex and significantly evolved organisms, provided with remarkable capabilities (e.g., 
photosynthesis, or oxidising metabolism, or mobility in the environment through flagella or 
other means, or using matter and energy produced by other organisms, or predation). Moreover, 
the establishment of an effective symbiosis (or in common words, a ‘co-operation’) cannot be 
thought to have been immediate and easy (e.g., this implied the presence of the suitable 
organisms in specific areas and specific time periods and the emergence of new, suitable and 
non-competitive interactions among them). Moreover, the transformation of an ‘ingestion’ 
process into a stable symbiosis condition certainly may be not considered a simple and obvious 
event. This could, at least in part, explain the long time passed between the appearance of 
prokaryotes and the appearance of eukaryotes.  

Such symbiotic association provided the eukaryote cells with enormous advantages for 
further evolution, as their high energy availability, the redundancy of  their bio-synthetic 
structures and apparatuses, their availability of  complex and efficient internal regulation 
system, their high  flexibility and adaptation capability, their possibility of reaching a larger 
volume in comparison with the one possible for prokaryotes, their capability of establishing 
together an effective association and, consequently, of producing multi-cellular entities (not 
possible for prokaryotes). However, it is useful to remind here an important observation by S.J. 
Gould (3): prokaryotes continue to be perfectly and efficiently adapted to the environment, 
where today they exist in extremely high quantities; their “limits” did not pose many problems 
for their survival capability.  
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This clearly means that survival capacity does not necessarily imply a higher evolution and 
higher complexity level.  

According to the available data and evaluations, the formation of multi-cellular organisms, 
through the aggregation (or the association) of eukaryotes, appears to have taken place after a 
time period much shorter than the one elapsed for the preceding step. As is known, the actual 
possibility of production of a multi-cellular organism from a set of eukaryotic cells is 
demonstrated by the observable reproductive cycle of a relatively common amoeba 
(dictyostelium discoideum). These amoebas, which normally assume the form of common 
unicellular eukaryotic organisms able to move in the environment, in scarce or no nourishment 
conditions may converge together guided by chemical signals and form a pseudo-plasmodium. 
This process is reversible: when the environmental conditions improve, spores are emitted by 
the mature new formed organism, so that, finally, individual amoebas diffuse again into the 
environment (1). 

It is worthwhile underlining that in all the above discussed processes (at biochemical and 
biological levels) a main role is constantly assumed by the association and symbiosis of proper 
components.  In this whole context, the principle of a “co-operation for life” (suggested as a 
keyword by J.H. Reichholf, ref. 4) appears to have a role at least as important as the one of the 
principle “struggle” or “competition for life”.  

The principle that stability of biological systems is a necessary condition for their survival, 
as well as the principle that an absolute and eternal stability prevents any change and therefore 
any evolution, at a first glance may both appear to have a tautological character. However, this 
tautological character disappears whenever the dialectics of stability/instability is examined in 
the light of objective observations and of a theoretical approach including a ‘complexity’ point 
of view.  

The recent theory of macro-evolution, based on the principle of stasis and equilibrium 
periods followed by a very rapid shift into new developmental paths (termed as “stasis 
punctuated by change”), recently investigated thoroughly by Gould (3), is of main interest in 
this discussion.  As is known, this theory is based on many evidences, deriving from studies and 
dating of fossils, that suggest limited or no changes for very long time periods, preceded or 
followed by great changes (e.g., appearance or disappearance of one or more species or of some 
ecosystems) taking place in relatively short periods.  From the point of view here adopted, this 
could be regarded as a sequence of stability and instability states. The above cited sentence by 
A.J. Lotka (6): “an effectively resourceful nature makes use, in her economy, of instability with 
its cumulative potency, as a progressive force: as well a of stability, the essentially conservative 
in evolution”, even if presented about eighty years ago,  is today still fully valuable.  

The positive and negative feed-back processes, and, in a broader sense, the instability or  
stability conditions, largely studied in system theory and objectively observed in biological and 
biochemical systems, may provide an important tool to investigate and describe the evolution 
processes. It is worthwhile underlining that within this paradigm the single individual may 
acquire an important meaning and significance, not emerging in most of other theoretical 
approaches. The  above mentioned M. Eigen  autocatalytic models (the various forms of 
hypercycle theory) imply that even one single molecule emerging by chance within a 
biochemical system, capable of establishing catalytic interaction(s) with other present 
molecules, may in principle start an association capable to survive and diffuse into such system, 
possibly invading it.  In broader terms, according to I. Prigogine (13), the new component(s) 
with auto-catalysing or mutual-catalysing properties, even if arising in the system at 
infinitesimal level (the adjective ‘infinitesimal’, used by Prigogine, is important), may introduce 
new interactions competing with the pre-existing ones: the structural stability or instability of 
the system with respect to this perturbation will determine the evolution of the new 
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component(s) and of the whole system (in the first case - i.e., stability - the new component will 
not survive, while in the second case, - i.e., instability - the whole system will change its 
structure, including new components and  interactions, or, at worst, could also undergo to 
disruption). This possibility of infinitesimal components (single molecules, single cells) to 
acquire significance under specific condition may be thought to be a specific property of 
biological and biochemical systems. Early works by I. Prigogine have formally shown the 
possibility of these processes.  The “hopeful monster” theory, originally proposed by 
Goldschmidt and more recently re-examined by Gould (3), may be in some way included in the 
same paradigm (the hopeful monster has been defined as a mutant organism, endowed with new 
and suitable adaptation features, not available to the other organisms present in a specific niche - 
therefore, comparatively, “monster” -, providing it with a high competition level - therefore, 
“hopeful” -).  

On the other hand, as already discussed, it is obvious that only biological systems with an 
appropriate level of stability may survive, resisting to the large majority of perturbations of 
external or internal origin. This stability, preserving system existence and making them 
available to further evolution, is not absolute, so that specific and sporadic events may cause 
changes increasing the complexity and fitness levels.  

The “homeostasis” principle of living beings (the holding constant of some essential 
parameters of biological systems) makes part of this paradigm. As discussed by Maynard Smith 
(14), the persistence of ecosystems (and , in general, of biological systems) presumably implies 
that the interactions within them and of them with the external reality have a highly non casual 
character, but, rather, are the consequence of some form of selection (this assumption widens 
the objects of selection with the inclusion of  the interactions). 

Moreover, the extension of the homeostasis principle into the homeorhesis principle (the 
holding constant of a time extended course of change, i.e., a “trajectory” in the phase space), 
and the related theory of “chreods” (canalised trajectories behaving as “attractors of nearby 
trajectories”) by C.H. Waddington (15) have provided an essential framework for theoretically 
studying the morphogenetic and developmental biological processes. 

As far as competition in ecology is concerned, some considerations by J. Maynard Smith 
(14) (based on A. Lotka and V. Volterra studies) are particularly interesting: an equilibrium may 
arise between or among in the competing species only if the intra-specific regulation (auto-
inhibition, auto-regulation of the population growth) prevails on the inter-specific one 
(reciprocal inhibition, reciprocal regulation of growth); otherwise, the two (or more) species will 
not coexist (one or more of them will disappear). This means that a competition excess may be 
destructive. 

Levins (16) presented important considerations about the analysis of system structure and of 
some system relevant component properties. For instance, he underlines that system 
components (or subsystems that are component of a higher level system), which are 
characterised by a rate of change much slower than the one of the other ones, may in practice 
act as process constants, at least during a specific and limited time period (the simplest example 
is the driving action of rocks on the water flowing over them;  the erosion interaction of water 
on rocks may be obviously neglected in the short term analysis of water flow processes for 
which the rock structure is a determinant; however, this is not true in a much longer time 
period). This methodological approach (the example mentioned is only a small part of it), based 
on the principle of considering the different time rates of changes (“inertia”) of the different 
system components is certainly useful for simplifying the system analysis.  

A detailed discussion of methodological tools for system analysis is out of the scopes of this 
paper. It may be however  useful to mention that, as is known,  the whole or a selected part of 
the interactions taking place in the analysed process may be formally described through 
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appropriate mathematical models, and/or systems of differential equations (or of finite 
difference equations), and/or computer simulation procedures. These tools allow to test and/or 
suggest theoretical hypotheses,  to simulate evolution patterns, to carry out predictions, to verify 
the stability of the examined or hypothesised systems in relation to specific perturbations, to 
analyse the possible consequences deriving by the introduction of one or more new variables 
(e.g., new individuals or species or new environmental factors) as well as the possible  
consequences of  changes of some interaction pattern. A long tradition exists in this field, 
starting with the very important pioneer work by A.J. Lotka (6) and V. Volterra (17) and 
uninterruptedly continuing up to day. The ‘complexity-oriented’ approach based on these 
methods has been fruitful and has widened the scientific research on biological evolution, 
allowing to insert available data into a logical scheme (e.g., as discussed by Maynand Smith and 
Szathmary, ref. 18). There is much work to do in this field.  

Lastly, Lewontin (2), criticising the common simplified statement that genes make the 
proteins and are self replicating, underlines that genes, by alone, are not in condition of doing 
anything. Rather, a protein is produced by a complex chemical system, involving many other 
proteins and using the specific nucleotide sequence of the involved gene as scheme.  

These observations appropriately introduce a largely discussed old problem: the properties of 
a complex system are simply the consequence of the ones of the components or, rather, new 
properties emerge from complexity? (i.e., in simpler words, the whole is more than the sum of 
components?).  There is a Zen philosophy koan (i.e. a question that stimulates the awakening of 
one’s true/deep/pure meditation) in some way relevant: “every one knows what is the sound 
caused by clapping two hands: what the sound caused by clapping only one hand is ?” - 
according to Lewontin, what is the meaning of a DNA molecule without a biochemical system 
capable to make a correct use of it?). 

The above mentioned point of view by Lewontin reminds, in some way, the obvious 
observation that a word does not mean anything without a language and a culture, and it is 
useless without writers and/or speakers and readers and/or listeners. It is perfectly clear that a 
DNA molecule acquires its effective biological meaning whenever it is adequately inserted in a 
cellular system, capable (when it is appropriate) of reading, decoding, translating and then using 
its message.  Moreover, the cellular system has to protect and preserve this information source. 
Lastly, in order to make evolution possible, this cellular system also needs to be able to interpret 
and use the new message possibly arising by chance as consequence of a mutation (something 
like the extension of a language to include and use new words). Eigen observes that the 
transition from non-living to living structures has taken place as consequence of the increasing 
capability of treating information in a “nearly intelligent way”, and that the information and its 
use by biological entities is a property far beyond of chemistry as we know it (even if 
biochemistry provides its tools)  Finally, the biological evolution may be assumed to be not a 
priori predictable by the presence and characteristics of  the original chemical and physical 
environment. 

An appropriate level of complexity is necessary for life, leading to the existence of structures 
capable of preserving the information necessary for their existence, of replicating themselves 
and of undergoing to changes, within a dialectics of stability-instability.  

It is worthwhile noticing that the human culture (that is ‘information’) was and is preserved 
and stored (in human minds, on stones, on papyrus, in books, images, musical notes, museums, 
CDs, etc.), is communicated, and, therefore, ‘replicated’ (orally, through writing,  education and 
training,  arts, customs, mass media,  imitation, person-to-person communication, familial 
communication, etc.), and undergoes to changes (due to new ideas and theories, practical 
experience, suffering and joy, exchanges among different human groups, the capability - 
sometimes - to learn from history, disruptive events - including war -, assimilation, protest, 
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discussion, economical bounds, hopeful thinking, ethics, sympathy and solidarity, etc.). In some 
way, the evolution of culture has some structural analogies with biological evolution, of which 
represents, in some way, a continuation. 

Some tentative conclusions 

“Nature must be considered as a whole if she is to be understood in detail” (Bunge, cited by 
A.J. Lotka, in Ref. 6) 

 
As a possible conclusion, some point might be underlined: 

o in a complex biological system the single individual may be important; 
o there are good reasons for assuming that, in biological evolution,  also a 

principle of “co-operation for life” has a fundamental role, together with the 
principle of “struggle for life”;  

o the selection is not only unidirectional; 
o living organisms have contributed to create (‘to select’) the environment (in a 

broad sense);   
o the development of homo from eukaryote cell appears to have required a time 

period much shorter than the one for the development of eukaryote from 
prokaryote cell;   

o survival capability does not necessarily require evolution towards a more 
complex structure (the case of bacteria); 

o the fittest is not necessarily the best (in the usual meaning of this word); 
o also interactions among components biological systems and ecosystems may 

undergo to selection;  
o negative and positive feed-back interactions, and stability and instability 

conditions, are all important in evolution processes; 
o evolution is not only a slow gradual process; 
o the succession of stable states, separated by instability conditions and relatively 

rapid changes, may constitute another  basic evolution process (macro-
evolution theories);    

o coexistence of different populations is allowed by self-regulation and is 
disrupted  by crude competition;  

o during limited time periods, slowly changing components of a biological 
system, because of their inertia, are scarcely influenced by the other ones  and 
exert on them nearly constant unidirectional interactions;   

o the significance, in a broad sense, of biological units, depends on the 
‘complexity’ of which they make part; 

o the evolution of human culture has some structural analogies with biological 
evolution;   

o between a strong crude armed individual  and a gentle mother with her children, 
who is the fittest ? The last one, in the long term (hopefully). 
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