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PREFACE

Hernán MUSCIO,1 Marcelo CARDILLO2

1 Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET); Instituto Multidisciplinario de 
historia y Instituto de Arqueología (IDA)� Universidad de Buenos Aires (UBA)� hmuscio@gmail�com

2 Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET); Instituto Multidisciplinario de 
historia y Ciencias Humanas  (IMHICIHU)� Universidad de Buenos Aires (UBA)�

This book collects the contributions to the symposium “The current state of evolutionary archeology in 
Argentina” that was held in Buenos Aires, for celebrating the 200th anniversary of Charles Darwin’s birth and 
the 150th anniversary of the publication of “On the Origin of Species”. The meeting was sponsored by the 
IMHICIHU-CONICET (Instituto Multidisciplinario de Historia  y Ciencias Humanas-Consejo Nacional de 
Investigaciones Científicas y Técnicas)�  

In Argentina, as Scheisohn (2009) noted, the early adherence to Darwin’s ideas by scientists such as Florentino 
Ameghino influenced the subsequent reception of the Darwinian theory of evolution in archeology� But the 
development of this early intellectual evolutionary tradition was overshadowed by the discredit of Ameghino 
for his claims about the human origins in South America, opening the avenue for the subsequent dominance 
of two main paradigms, the culture-history school and the Kulturkreise archaeology (Boschín and Llamazares 
1986)�

The Kulturkreise School had the greatest impact on the archeology of Pampa and Patagonia, where it was 
established by the work of José Imbelloni, Osvaldo Menguín, and Marcelo Bórmida since the 30th and 
during the mid twentieth century� The Kulturkreise practitioners were devoted to the modal description of 
the archaeological record, particularly that of the lithic assemblages classified as specific areas industries or 
cultures � At the core of this paradigm were a hiperdiffusionist notion of cultural change and a radical idealism 
and antievolunism by which particular cultures were conceived as byproducts of the ethos of particular 
groups or races, expressed through the manufacture of artifacts and other behaviors, and dispersed from a few 
geographical centers� 

On the other hand, during the mid-twentieth century, the culture-historical approach was developed mainly in 
Northwestern Argentina after the influential work of Alberto Rex Gonzalez� The research agenda of Gonzalez 
focused largely on the construction of local temporal sequences based on ceramic typologies and radiocarbon 
dating (the so called master sequences) (see González 1963, 1979)�  Although ignored by many of his disciples, 
a very important point was the call of Rex Gonzalez for a research strategy oriented to the study of cultural 
evolution� Nevertheless, the theoretical background of Rex Gonzalez was a blend between a strong typological 
thinking and the teleological explanations of cultural change that dominated the evolutionism of Julian Steward�

The path to the introduction of a scientific evolutionary framework in the archaeology of Argentina was 
opened in the late 70´s and the early 80´s by the application of the agenda of the New Archaeology, developed 
primarily in the United States with the work of Lewis Binford (1962) and in England by Graham Clark and 
his influential Analytical Archaeology� This perspective redirected almost all of the research goals by the 
adoption of a hypothetical-deductive model of science which resulted in the study of the adaptive dimensions 
of past human behaviors along the development of methodologies for detecting variability and patterning in 
the archaeological record� However, the evolutionism of the New Archaeology perpetuated the non-Darwinian 
explanation of change based mainly on cultural ecology and systemic functionalism� In this vein, the explanation 
of change was assumed to be always adaptive, following the orthogenetic notion of systemic adaptation by the 
continuous searching of homoeostatic equilibriums that characterized past adaptive systems� Therefore,  under 
the influence of the ideas of Lewis Binford and Kent Flannery, adaptive systems became evolving units, and 
their reconstruction in archaeological terms was the main task of the so called systemic archaeology� Under 
this adaptationist framework the research on the relationships between past behaviors and past environments 
started as a programmatic goal through the study of past adaptive strategies�

In northwestern Argentina the work of Hugo Yacobacio and Daniel Olivera changed the focus from culture 
history towards the study of past human adaptations to high altitude environments (Yaccobacio et al� 1998, 
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Olivera 1988)� Also, by virtue of this new agenda, the discussion of local evolutionary processes, such as 
the domestication of camelids in the Southern Andean region and the development of social complexity, was 
introduced� 

In the archaeology of Pampa and Patagonia, the New Archaeology arouse as a vigorous reaction against the 
Kulturkreise archaeology and its bequest� Unlike the development of the new archeology in northwestern 
Argentina, in Patagonia, the introduction of this paradigm began with the discussion of processes that facilitated 
a gradual shift towards a Darwinian research agenda� After decades of anti-evolutionism thought, the archeology 
of Argentina began to be interested in processes like adaptive radiation and cultural divergence for explaining 
the archaeological variability of  Patagonian record, which was dominated by the typological description of 
sites and lithic industries until then� In a series of seminal papers, Borrero (Borrero 1989, Borrero 1989-1990, 
Borrero 1992, Borrero 1993) settled the main distinctive issues of an early application of the evolutionary 
paradigm in Patagonia with an emphasis on biogeography, ecology, and taphonomy as the frameworks for 
explaining the variability of the archaeological record of Patagonia�

By the end of 80’s the intellectual environment, especially at the University of Buenos Aires, began to be adverse 
to  new archeology agenda, which  had become the dominant paradigm of scientific archaeology by that time� 
This resulted in the proliferation of different lines of thought, among which Evolutionary Archaeology was 
highlighted by a large number of adherents that were working interactively in/for the development of a practical 
applicationto concrete case studies  of a Darwinian evolutionary framework (Lanata 1995, 1996, Lanata and 
Borrero 1994, Scheinsohn 1997, 2002)� Thus, throughout the 90’s and well into the new millennium, a large 
number of students and young researchers broadened the application of the scientific evolutionism to the 
archeology of Patagonia (Barberena 2002, 2005, 2008) and northwestern Argentina (especially in the Puna, see 
Muscio 1999, 2004, Camino 2009, López 1998, López and Restifo 2009, Cardillo 2002, 2009), the northeast  
(Loponte et al 2006), and Cuyo and Sierras Centrales (Medina 2008, Neme 2009)�

A peculiarity of the scientific evolutionism in Argentina archeology was the early adoption of a pluralist 
theoretical framework that integrated many different Darwinian approaches into a single evolutionary 
research agenda, thus ignoring  the dicotomic opposition that characterized the development of the field in 
the U�S�, between the so called selectionist school and other evolutionary approaches to human behavior, like 
Human Behavioral Ecology and the Theory of Cultural Transmission (see Scheinsohn  2008, 2009 for further 
discussion)� Moreover, the English school also arrived at the beginnings of the new century and was added to 
this inclusive evolutionary paradigm  (Shennan 2002)� In the Argentinean tradition, an inclusive Darwinian 
theoretical framework evolved along a history of research where ecology and biogeography were always 
present by fuelling theory building around problems like the human colonization of the South-Andean region 
and Patagonia, and the emergence of productive economies in the puna region�  Consequently, the intellectual 
challenge undertaken during the 90’s was the articulation of biogeographical and ecological approaches with 
the key Darwinian sources of causality: variation and selective retention� In this way the search was one of 
integration into an inclusive paradigm of a variety of Darwinian approaches, a goal shared by a critical mass 
of researchers (Scheinsohn 2009)� 

Evolutionary archeology is the application of the Darwinian model of evolution to the study of the archaeological 
record -a fossil record- through the documentation of archaeological patterns of selective and non-selective 
evolutionary change� This theoretical framework in no way is reducible to the action of natural selection� 
Above all, Darwinian evolution implies a variational model of evolutionary change which is confronted to 
the transformational model of evolution based on typological thinking and teleological explanations� In this 
vein, the work of Borrero had the merit of challenge for the first time the omnipresence of the typological 
thinking in the archaeology of Argentina� This was a crucial step in the further development of the Evolutionary 
Archaeology in Argentina� 

As Scheinsohn (2009) suggested, the reception and development of Evolutionary Archeology in Argentina 
comes from the influence of evolutionists like Ameghino and Holmberg� However, according to the author 
the acceptance and the variability of approaches framed within the broad spectrum of Darwinian approaches 
probably is the result of the relative scientific insularity of the academia in Argentina, regarding other centers 
of theory building, like the Anglo-Saxon countries, which are subject to other competitive forces in their 
academies� This volume is just a sample of the diversity of approaches and research issues vigorously conducted 
in Argentina�
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In the Origins of Species Charles Darwin concluded that the diversity of life arose by common descent through 
a branching pattern of evolution resulting from the accumulation of heritable variation preserved by natural 
selection� In the Descent of Man (1871) and by discussing the evolution of languages, Darwin asserted that 
cultural variants form genealogies by inheritance, and engage competitive relationships by which some variants 
proliferate whereas others become extinct� In this way Darwin clearly expanded the action of selection to 
culture� Thus, the contribution of Darwin to science was an inclusive and materialistic model of evolutionary 
change that encompasses everything which is subject to inheritance, variation, and differential replication� 

The Darwinian model of evolutionary change is much more than evolution by natural selection as it describes 
the pattern of change that Lewontin (1983) called variational evolution. For Darwinian evolution, the 
occurrence of variation is a necessary condition, be it adaptive or neutral, blind or goal-oriented produced 
variation� Darwinian evolution implies that individuals in an evolving population vary from one to another, 
and that these variations may accumulate during evolution due to a sorting process by which some variants 
become either more or less common� The evolving populations may be formed by biological or cultural entities 
because both are subject to inheritance� Under the Darwinian model of evolution the sorting process -be it 
selection or random processes like drift- changes the proportions of the different variants in the population, 
figure 1-a� Conversely, Lamarckian evolution or “transformational evolution” does not assign any role to 
variation or  sorting process� Transformational evolution is based on a typological concept of individuals by 
which all individuals of a population in a given environment simultaneously acquire the same structures and 
adaptations as the result of an inherent progressive tendency which drives them continuously towards greater 
complexity and to produce environmental induced hereditary adaptations (Figure 1)� In this way Darwinian 
evolution, not the neo-Darwinism that emerged by the modern synthesis, does not preclude environmental 
induced variation as long this sort of variation became part of the variability subject to selection and other 
sorting forces (Kronfeldner 2007)� 

It is well know that cultural evolution has instances by which novel heritable variation arises as environmentally 
induced 

behaviors by adaptive learning� But this variation remains subject to selection and other non-transformational 
population level process of evolutionary change, like imitation� The central issue is that problem solving cannot 
produce perfect solutions for adaptation, but more or less suitable alternatives� Then, the variation designed to 
solve a given problem will compete with other alternatives� Because of this, the evolution of culture is Darwinian, 
not neo Darwinian� This was proved by an increasing body of evidence that documents that culture mostly 
evolves following a pattern of descent with modification, i�e� the Darwinian branching pattern of evolution� As its 
biological counterpart, cultural evolution also has instances of reticulation by the horizontal transfer of information 
among independent lineages� Also, as in biology, the documentation of branching or reticulate patterns of cultural 
evolution is an empirical matter� Darwinian selection is a population level mechanism that sorts heritable variation 
(cultural or biological) by differences in the probabilities of competing variants to be successfully replicated� As 
a probabilistic mechanism, Darwinian selection is not reproductively based�  
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Figure 1: Variational vs. transformational evolution, modified from Kronfeldner 2007.

On this basis Evolutionary Archaeology is a scientific research framework that seeks to explain the 
archaeological record in terms of Darwinian evolution, through the documentation of archaeological patterns 
of selective and non-selective evolutionary change� To achieve this goal, Evolutionary Archaeology conceives 
the archaeological record as a fossil record that provides information about macroevolutionary patterns of 
evolution resulting from microevolutionary process of selection and transmission�

Differential reproductive success, by selection acting at the scale of the individuals, is one way by which 
alternative variants achieve replicative differentials� For instance a trait subject to cultural inheritance will result 
fixed in a population whenever it contributes more than its alternatives to the reproduction of the individuals 
possessing the trait� As an example, Rogers and Ehlrich (2008) found that 96 cultural traits of Polynesian 
canoes with effects on the survival and reproduction of the individuals evolved following a selective pattern of 
retention�  Thus, this process acts through the increase or the decrease in the population of the individuals that 
transmit alternative cultural variants to others� 

Another powerful way by which alternative variants achieve replicative differentials is by selection acting 
at the level of the cultural variation, through the existence of a bias acting on the replication of alternative 
cultural variants� For instance, with selection acting at the scale of the artifact, a trait will result fixed at the 
population level if it contributes more than its alternative variants to the replicative success of the artifacts 
possessing the trait� In this way, assume the existence of a replication bias for the quick removal of projectile 
points after impacting on preys� In this context, points without barbs will have greater replicative success than 
barbed points and because of this they will result fixed at the population level (Dunnell 2006, see also Hughes 
1996)� This process is called cultural selection, and acts through the differential replication of the cultural 
variation by processes of biased cultural transmission� As replicative success by cultural selection is decoupled 
of the differential reproduction of individuals, deleterious cultural variation can be circumstantially retained by 
maladaptive replicate biases until being removing by purifying selection acting against the individuals carrying 
the deleterious traits (Durham 1992)� 

Because natural selection has found in social learning a quick way to generate heritable adaptations, in cultural 
evolution it is expected that cultural selection prevails� However, the prevalence of some form of selection over 
another is an empirical question that should be discussed case by case� 

Cultural transmission and traits replication depends on social learning� Based on the Dual Inheritance Model 
(Boyd and Richerson, 1985, Durham 1992), there is a bulk of mathematical work showing the way in which 
social learning produces microevolutionary change and cumulative evolution at the population level, as well as 
the reasons by which cultural transmission evolved by natural selection along human evolution� 

In cultural evolution the emergence of novel variation may result from error transmission  (the analogous of 
mutation) or from adaptive problem solving� This latter instance of problem solving invention is Lamarckian 
only in the restricted sense that introduces environmental instructed variation by adaptive learning; but because 
this variation depends on being  fixed within the population of the action of selection (by imitation or by 
individual fitness gains), the population level pattern for the adoption of this variation is not transformational 
but Darwinian (see Ginóbili this volume)�
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In addition, because Darwinian evolution is variational, this framework also includes the evolutionary change 
that occurs by stochastic processes acting on cultural variation� Many cultural changes may take place on purely 
selectively neutral variation� Neutral evolution occurs by processes that randomly sort cultural transmission, so 
that some traits are differently replicated just by chance, for example through cultural drift� In small populations 
cultural drift might cause the extinction of cultural variants due to chance effects on transmission (Henrich 
2004)� On this basis, the theoretical distinction between selective and neutral traits is critical (Dunnell 2001)� 

Moroever, Darwin´s explanation of evolutionary change due to the action of selection preserving advantageous 
traits, replaced the essentialist logic for conceiving adaptation by a materialistic one� Since Darwin, adaptation 
is defined in reference to natural selection�  In a historical sense, a trait is an adaptation if it has been produced 
by natural selection for its current function� This is the definition of adaptation as an outcome of selection� 
From a processual point of view, adaptation is a process that refers to the action of natural selection building 
somatic and behavioral features of the organisms that make them better suited to survive and reproduce� This 
last definition is the notion of adaptation as a process� As natural selection acting along the evolutionary past 
has built a flexible human phenotype, behavioral flexibility is an adaptation that gives rise to a diversity of 
adaptive traits, behaviors, and life histories as response to varying ecological contexts� Behavioral flexibility is 
part of what is known as phenotypic plasticity, the capacity of a single genotype to exhibit variable phenotypes 
in different environments� It is clear that plasticity is important because it can increase or decrease fitness, 
generate novelity, and facilitate evolution (West-Eberhard 2003)�

But a blind trust in adaptive phenotypic flexibility leads to ignore the mismatches that may occur between human 
populations and their changing environments� In fact phenotypic plasticity often is maladaptive (Ghalambor 
et al, 2007)� Darwin gave many examples of maladaptations in order to show the way in which species are ill 
fitted to their environments� Maladaptations may arise when the environment to which a species is adapted 
changes, or when species or populations disperse to unfamiliar environments� Muscio (1999) has showed the 
maladaptive pattern of faunal consumption during the colonization of the puna of Argentina� Importantly, a 
profound mismatch between a species and its environment leads to extinction by directional selection (Haldane 
1957)�  

The archaeological application of the Human Behavioral Ecology research strategy analyzes the adaptive 
design of past behaviors through formal models based on the selectionist logic of fitness maximization which 
in turn, and for heuristic proposes, is usually modeled as an optimizing problem� This theoretical approach is 
based on the adaptive decision making that is thought to be part of the behavioral flexibility of humans� Under 
this approach a number of topics are of evolutionary interest, like the archaeological patterns of resource 
transfer and consumption, habitat selectivity and space use, technological change, and social interactions� 

The Human Behavioral Ecology approach is a powerful theoretical framework for studying past social 
dynamics� For instance, López (2008) proposed that during the late Holocene in the puna of Argentina the 
increase of demography and the spatial heterogeneity was followed by the decrease of the size of hunting 
social groups which also managed camelids in captivity� Based on the optimal group size model, individuals 
forming smaller groups maximized their return rates along more restricted habitats, setting the stage for the 
development of pastoral economies� Under this same approach, prestige- technologies and rock art scenes 
displaying social distinctiveness were interpreted as the archaeological evidence of  the emergence of social 
orders based on social heterogeneity and leaderships associated with the first food producers societies in the 
northern puna of Argentina (Muscio 2006)� In this model, social heterogeneity and leadership resulted from 
intragroup competition� Importantly, the shift towards smaller social groups discussed by López, and the social 
behavior of recognizing leaderships for ordering intragroup competition discussed by Muscio, both are part of 
the behavioral plasticity of humans regarding social behavior and decision making, created and maintained by 
selection� Then, if we grant that the Human Evolutionary Ecology provides tools for studying the emergence 
and the adaptive design of technologies and complex behavioral patterns at behavioral time scales (Smith 
2001), we must also give a causal role to the selective forces of cultural transmission for the preservation of 
this adaptive variation at the scale of the population and in the long run� Because Human Evolutionary Ecology 
is silent regarding how adaptive variation is preserved along evolutionary time frameworks, we must introduce 
the action of evolutionary mechanisms as transmission and selection for a complete explanation of this critical 
issue� 

For instance, adaptive technologies are expected to follow predictable patterns of convergence as environmental 
conditions are similar� In this way we can appeal to models based on the Human Behavioral Ecology approach 
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for studying these convergences in adaptive design� Technologies that have a high potential for convergence 
were studied in Patagonia by Cardillo et al (2013) where it is documented that hunter-gatherer groups which 
were distanced for more than 1000 km shared similar technological adaptations regarding the harvesting 
of marine resources� On the basis of our current knowledge about human adaptive learning and its effects 
on cumulative cultural evolution, we must conclude that the long-term persistence of these technological 
convergences at the scale of the population is mediated by the action of cultural transmission, and not by the 
continual reinvention of this variation as a pure decision making process would imply� 

In this way, invention (a novel goal-oriented produced cultural variation) and innovation (a retained invention) 
are useful heuristic concepts in cultural evolution� For instance, technological innovations have been documented 
by López (2009), and López and Restifo (2009), in the northern Puna of Argentina� In this case, processes 
of adaptive cultural innovation have been invoked to explain the emergence and spread of laminar lithic 
technology during the mid Holocene in a context of increased population density, economic intensification, 
and increased social groups�  This phenomena is absent in the southern puna of Argentina, suggesting a process 
of adaptive cultural divergence between the two regions� Moreover, the increasing diversification of lithic 
artifacts classes during the mid Holocene in the puna region was explained as an effect of an accelerated rate of 
cultural evolution dependent on an increasing demography, compared with the low rate of cultural innovations 
recorded during the early Holocene in small and fluctuating population contexts Muscio (2011)

In short, culture contains all the elements of a Darwinian evolutionary system, variation, inheritance, and 
differential replicative success; which results  a) from the impact of the cultural variation on the probabilities 
of the individuals for transmitting their cultural variants to others; b) from the existence of replicative 
biases favoring some variants over others (cultural selection), and c) by chance events that interfere cultural 
transmission producing neutral evolution� Moreover, humans are a proved behavioral flexible species, from 
which a diversity of traits and behaviors as adaptive responses to varying ecological contexts results� Based 
on all these elements, Evolutionary Archeology has a broad and ambitious agenda: the explanation of the 
archaeological record in  terms of the Darwinian theory of evolution by clarifying the causes and consequences 
of the evolutionary processes�

By its emphasis on blind variation and Mendelian inheritance, Neo-Darwinism is not an accurate framework 
for theory building on cultural evolution� Instead, considering the particularities of cultural inheritance, 
Darwinism with its focus on the differential persistence of variability is the proper theoretical ground for the 
study of emergence and evolution of cultural variation at broad spatial and temporal scales� The construction 
of a synthetic paradigm in archaeology based on the Darwinian model of evolution does not demand the 
suppression of theoretical diversity (Muscio 2009)� Conversely, the consolidation of a common theoretical 
ground as the basis for the construction of a variability of models and alternative hypotheses which ultimately 
will fuel the natural selection of competing scientific ideas is required� This task needs a robust theoretical 
structure with middle range statements, that enables us to link the properties of the archaeological record with 
the complexities of the Darwinian theory of evolution� 

About this book

Following Gould (2002) convergence, divergence, and parallelism are of critical importance in any evolutionary 
research agenda� From this point of view, the introduction and persistence of cultural variation along large 
time scales becomes archaeology a unique field for the study of human evolution by selection and other 
evolutionary processes by which convergence, divergence or parallelism arise in cultural lineages� As we have 
showed, the study of evolution in the archaeological record is based on the empirical fact that culture is an 
inheritance system, which is independent (but also related) from the genetic inheritance system� As such, 
cultural inheritance evolves forming cultural lineages�

The work of Santiago Ginnóbili, from an epistemological point of view discusses the nature of variation and 
its relation to the mechanism of natural selection described by Darwin itself, not by the Neo Darwinism of the 
modern synthesis� In particular, the paper focuses on the logical status of the directed variation by assessing 
the ways by which natural selection acts upon it� The work is an important contribution for those interested in 
cultural evolution, as it illuminates the fact that even when cultural evolution has Lamarckian instances this 
does not imply that it cannot evolve by natural selection�
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As variation is central to evolution, the documentation of variation along space and time is a way for studying 
evolutionary processes in archaeology� Most of the papers presented in this volume address this issue� The 
building of cultural phylogenies is an important way to approach this question� Of course, the documentation of 
culture phylogeny raises new methodological challenges related to the properties of cultural inheritance as well 
as to the techniques used in phylogenetic reconstruction� Many of these challenges are creatively addressed by 
the authors in this book�

In his work, Daniel García Rivero critically introduces the main classification methods that are useful in 
Evolutionary Archaeology for phylogenetic reconstruction� The paper is concerned with the discussion of the 
assumptions of different philosophical schools of taxonomy: phenetics, cladistics, and evolutionary taxonomy, 
concluding that there is not consensus to prefer some method over another in Evolutionary Archaeology� In 
this vein the paper of Marcelo Cardillo also discusses phylogenetic reconstruction methods but on empirical 
grounds� The author also appeals to multivariate methods for detecting patterning in the distribution of artifactual 
variation by using parsimony as the epistemological basis to build cultural phylogenies through cladistics� This 
method is used in order to explore the evolutionary role of three dimensions: space, environment, and history, 
as sources of causality for explaining the technological diversity of the Patagonian coast� 

Cladistics is a method for hypotheses building regarding evolutionary relatedness among taxa, and it is based 
on the principle of maximum parsimony- the preference of the simpler of two or more otherwise equally 
adequate explanations� In cultural evolution relatedness rests on cultural transmission� Hence, the first critical 
task in cultural phylogenetic reconstruction is the recognition of homologies: traits which are similar due 
to descent from a common ancestor� Cladistics reconstructs through dichotomous diagrams the successive 
changes of a set of traits grouped in classes which are more or less evolutionary related by common descent 
(see Farris 1983, 1986, Forey et al� 1992)� Thus, cladistics traces evolution at the scale of the traits� Because 
by cladistics the separation of clades (monophyletic groups) is modeled as a branching process, the method 
follows the Darwinian pattern of divergent evolution consisting in descent with modification� Cladistics differs 
from other methods such as phenetic, because classes (terminal taxa) are grouped together based on whether 
or not they have one or more shared unique trait that come from the group’s last common ancestor and are not 
present in more distant ancestors (synapomorphies)�  

As García Rivero notes in this book, this is not the case of phenetics which focuses on overall similarity (see 
discussion in Sneath y Sokal 1973)�  However, as discussed by Rivero (in this volume) and Cardillo (in this 
volume), both methods, cladistics and phenetics, can be used comparatively in order to build phylogenetic 
hypotheses in cultural evolution under different assumptions (see also Shennan and Collard 2005)� As was 
stated by Makarenkov and Legendre (2004), and by Sneath y Sokal (1973) at an intraclass level (for example, 
when comparing the variation within a class) we may be more interested in tracing the gradients of variation 
along a phylogeny than in the qualitative changes of traits� In this case, phenetic techniques (see Rivero, this 
volume) were developed for the quantitative study of evolution and are widespread, for example, in ecology 
and genetics�

But not only statistical appropriate methods to model character evolution are important, also the selection of 
correct cultural traits is critical� The paper of Gustavo Barrientos addresses the difficulties associated with the 
recognition of homologous traits in cultural datasets and its derivations for studying cultural phylogenies� After 
an insightful discussion of the potential sources of error for the identification of homologies,  Barrientos calls 
for the building of a theoretical framework for homology recognition and testing by adopting a developmental 
perspective, based on the study of ontogenetic trajectories of artifacts on an individual and population basis�  In 
this way the work of Barrientos contributes to the methodological side of phylogenetic reconstruction and its 
potentials for inferring macroevolutionary patterns of cultural change�  

At the macroevolutionary scale, cultural evolution is traceable by the patterns of divergence, parallelism, or 
convergence documented by phylogenetic reconstructions and other methods (Gould 2002, see Collard and 
Shennan 2006, Cardillo and Charlin 2013)�  Shortly, divergent evolution is the accumulation of differences 
among human populations or artifacts classes which lead to the formation of new derived classes� Parallel 
evolution is the acquisition of a similar trait in related, but distinct, human populations or artifact classes 
descending from the same ancestor, but from different clades� Convergent evolution is the acquisition of the 
same trait in unrelated cultural lineages� For instance, a gradual process of cultural divergence and adaptive 
radiation has been proposed by Borrero (1989-1990) in Tierra del Fuego� Also Charlin et al� (2013), by 
using statistical techniques to the comparative study of the variability in the archaeological record, showed 
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evidence of a process of cultural divergence between Tierra del Fuego and continental southern Patagonia� 
Convergent behavioral patterns often result from purely adaptive processes by which human groups respond in 
predictable ways confronting similar environmental pressures� Adaptive plasticity produces these phenomena 
in human behavior� Hence, Human Behavioral Ecology is a well informed theoretical framework for studying 
convergent evolution when the processes explaining the long term persistence of the environmentally induced 
convergences are considered�

In phylogenetic reconstruction, convergent evolution is a source of homoplasy, as well as parallelism and 
character reversals to an ancestral form� If the amount of homoplasy is high for a given dataset we say that the 
cultural dataset lacks a phylogenetic signal, given the absence of a cladistic (branching) structure in the dataset� 
Broadly, homoplasy is a character that is shared by multiple taxa due to some cause other than common ancestry 
(see Barrientos this volume)� Hence, homoplasy documents other processes but not decent with modification� 
Another important source of homoplasy is horizontal cultural transfer� This happens when unrelated cultural 
lineages exchanges traits� For example, in Northwestern Argentina, during the Inca expansion, local ceramic 
traditions adopted traits from the Inca ceramic traditions� The results of these processes are reticulated 
phylogenies, such as those characterizing many plants and bacterial evolutionary history, where gene horizontal 
transfer is common� In these cases, the analytical research may consist in the documentation of the background 
pattern of decent with modification by removing these homoplasious traits from the dataset, and then to proceed 
exploring the reticulated phylogenies in order to gain information about the historical processes that produced 
them (Muscio 2011)� At any rate, phylogenetic reconstruction should start with independent information about 
the homologous status of the variation� 

Interestingly, as Cardillo and Charlin (2010, 2013) show, horizontal cultural transfer is a powerful way to reduce 
artifactual divergence� As the authors documented on broad spatial scales, the correlation between spatial and 
phylogenetic information is informative of gradients of morphological change in the projectile points of the 
mid-late Holocene� This pattern is causally linked to isolation by distance and to processes of information 
flow among populations� Both processes resulted in a low morphological divergence and parallelism in the 
evolutionary pathway of the projectile points of northern and southern Patagonia� On this basis the study of 
reticulated phylogenies is a necessary step towards illuminating the broad spatial processes of transmission that 
eroded cultural divergence�  In addition, the patterns of spatial and temporal distribution of cultural lineages 
can document processes like population expansions or population extinctions� The phylogenetic analysis of 
datasets coming from large spaces can be useful to document cladistic patterns correlated with geography�

In this vein, the paper of Hernán Muscio, from a perspective based on population dynamics models the role 
of localized extinction in the cumulative evolution of cultural variation among subpopulations connected by 
migration� On this basis, it is suggested that group cultural differences may be lost as a consequence of a high 
rate of local extinction and migration� The analytical results are used to predict the archaeological patterns of 
representation of cultural lineages through time and space in ecological settings where localized extinction is 
frequent� By using cladistics, the author suggests that local extinction played an important role in the spread 
and evolution of cultural lineages among the earliest populations with economic niches based on high altitude 
agriculture in the northern puna of Argentina�

 The processes of local extinction have received little attention by evolutionary archaeologists� Localized 
extinction is expected particularly during the colonization of new environments when individuals face 
unfamiliar environments� From a demographic point of view, smaller populations are more prone to local 
extinction by demographic stochasticity� From an ecological point of view, local extinction will be common in 
fluctuating environments and low quality habitats� An important question is the way in which local extinction 
occurs as the result of selection� This is called Darwinian extinction and takes place when a population under 
natural selection evolves along a path to extinction� For example, if optimizing selection leads to a increasing 
consumption of a small number of preys, a selective feedback between hunting behavior and a diminishing 
prey population can lead to the local extinction of the human population by the overhunting of its resource 
base� Hence, when we leave aside the adaptationist idea that phenotypic plasticity immunizes humans from 
the action of selection, we can study potential sources of past extinctions and potential mismatches between 
populations and their environments�

The paper by Diego Rivero and Matías Medina, based on the Human Behavioral Ecology approach, focuses on 
the consequences of the human colonization of the Sierras of Cordoba (Argentina) on the populations of high-
ranked resources impacted by hunting pressures� The authors explore the long-term consequences of human 
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induced reductions of high quality resource stocks for the evolution of broad-spectrum economic adaptations� 
Importantly, the authors conclude that a broad-spectrum diet may not have been an exclusively Late Holocene 
phenomenon and its origins may be found in earlier processes beginning during the Middle Holocene� Thus, 
the incorporation of small-scale agriculture around ca� 1200-1000 BP cannot be satisfactorily explained only 
by external factors such as climate changes or the diffusion and/or arrival of new biological populations� 
On this basis, Rivero and Medina call to consider the agency of past human cultural activities in process of 
niche construction, co-directing subsequent cultural changes that are archaeologically documented� Among 
the merits of this work it is the use of the rationale of the optimization models for illuminating long-term 
evolutionary processes, like niche construction� 

In the same vein, Belardi et al� explore from a biogeographical framework the integration of several Darwinian 
approaches as we have shown previously� The authors focus on models of cultural transmission and particularly 
on niche construction (Odling-Smee 2003)� On this basis cultural transmission is conceived as a key element 
in niche construction in large temporal and spatial scales� Based on the distributional patterns of rock art 
motif and considering its properties at broader spatial scales, the paper models important processes such as 
demographic evolution, mobility, and contact between groups� In this line, the authors show how the way in 
which human populations in Patagonia modified their environments by using rock art for cultural transmission 
and space signalling� In this way, the paper demonstrates the benefits of using different lines of evidence in 
order to discuss past evolutionary processes in archaeology� 

Finally, as this book shows, Evolutionary Archaeology in Argentina is a consolidated field of research which 
during the last years has grown by the sophistication of its theoretical basis and the development of new 
methodologies for studying evolution in the archaeological record�We celebrate the way this intellectual 
tradition currently evolves in the Southern portion of América; the land that 150 years ago fuelled Darwin´s 
brilliant inspiration�

Aknowlegements: To Karen Borrazo for commentaries and sugerencies of the earliest version
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Abstract

Critics of Darwinian approaches to the study of the evolution of human and social behavior often express their 
dissent claiming that cultural evolution is Lamarckian� By this they mean two things� First, that contrary to 
natural selection, in Lamarckian mechanisms of use and disuse plus the inheritance of acquired traits, the modi-
fications in an organism arise as a solution to the environmental problem at hand, i�e�, variation is not blind; and 
second, that the acquired trait is transmitted to the offspring by imitation or learning�

In this paper I will reconstruct informally the theory of natural selection as it was used by Darwin in order to 
show that the fact that cultural evolution has these Lamarckian features does not imply that it cannot evolve 
by natural selection� The appeal to Darwin’s original writings has two advantages� On the one hand, the way 
he applies the theory makes it more transparent than in contemporary applications which are its fundamental 
concepts and structure� On the other, Darwin holds that Lamarckian mechanisms can be causally responsible 
for variations on which natural selection operates, thus showing that it is possible to hold a theory of natural 
selection that is not incompatible with these alleged Lamarckian features of cultural evolution�

KEYWORDS: NATURAL SELECTION, CULTURAL EVOLUTION, DARWIN, STRUCTURE OF THE THEORY OF 
NATURAL SELECTION

Resumen

Los críticos de los enfoques que intentan estudiar la evolución conductual humana y social con enfoques dar-
winianos suelen describir tal rechazo con la afirmación: “La evolución cultural es lamarckiana”� Con esto se 
refieren, por un lado, al hecho de que, supuestamente a diferencia de la selección natural, en los mecanismos 
lamarckianos de uso y desuso más la herencia de caracteres adquiridos, la modificación en el rasgo del organ-
ismo en cuestión surge como solución al problema ambiental en juego, la variación no es ciega, y por el otro, 
que el rasgo adquirido se transmite a la descendencia� Así, los rasgos culturales se proponen para solucionar 
ciertos problemas ambientales y son transmitidos a la descendencia por imitación o aprendizaje�

En este trabajo se reconstruirá informalmente la teoría de la selección natural tal como era utilizada por Darwin 
con el objetivo de mostrar que el hecho de que la evolución cultural tenga estas características lamarckianas no 
implica que no puede evolucionar por selección natural� La apelación a los escritos originales de Darwin tiene 
dos beneficios� Por un lado la forma en que aplica la teoría resulta más transparente que en las aplicaciones 
actuales cuáles son los conceptos fundamentales de la teoría y cómo es su estructura� Por el otro, Darwin sos-
tiene que los mecanismos lamarckianos pueden ser causantes de la variación sobre la cual la selección natural 
funciona, mostrando que es posible sostener una teoría de la selección natural que no sea incompatible con 
estos supuestos rasgos lamarckianos de la evolución cultural�

PALABRAS CLAVE: SELECCIÓN NATURAL, EVOLUCIÓN CULTURAL, DARWIN, ESTRUCTURA DE LA TEO-
RÍA DE LA SELECCIÓN NATURAL� 
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DARWIN’S LEGACY

Introduction

There are different ways of applying the theories of Darwinian evolutionary biology to cultural evolution, 
that is, to evolutionary processes in which inheritance does not proceed through genetic information� 
There are, consequently, a number of critics of these attempts� Independently of the relevance of the 
reasons such critics have for rejecting the application of evolutionary theories to the cultural realm, they 
usually use the claim that cultural evolution is Lamarckian as their banner� The target of this attack is 
in particular the application of natural selection to the evolution of cultural traits�

This paper proceeds at a metatheoretical level of conceptual elucidation� Independently of how 
cultural evolution does in fact occur, which is of the interest of scientists in the corresponding areas, 
my intention is to analyze conceptually whether there is an inconsistency between some versions 
of Lamarckism and Darwinism� My aim is to show that, even if cultural evolution had certain 
Lamarckian features – in particular, if variations were directed or if the direct instruction of the 
environment was possible in a sense to be explained later – this would not imply that the theory 
of natural selection cannot be applied to it� Someone might consider, however, that if the variation 
over which natural selection is to operate is not blind, such operation is superfluous� I believe this 
happens because the theory has not been adequately presented� I will, therefore, put forward an 
informal reconstruction of the theory of natural selection as it was used by Darwin� I will show how 
this theory did not in any sense presuppose that variation was blind� In fact, for Darwin, Lamarckian 
mechanisms of use and disuse were some of the mechanisms responsible for the variation required 
for natural selection to work�

This work, therefore, falls within the scope of the reconstructive and elucidatory goals established by 
logical positivists (Hahn et al� 1929)� The reconstructive tools they provided, however, have over the 
years turned out unsatisfactory� I will utilize the more powerful and sophisticated tools provided by 
metatheoretical structuralism (but in an informal fashion) (Balzer et al� 1987)�

Lamarkian cultural evolution

Although he was not the first to hold this idea (e�g� Medawar 1960), Stephen Jay Gould has been one 
of the authors that have insisted the most on the Lamarckian character of cultural evolution:

“Cultural evolution has progressed at rates that Darwinian processes cannot begin to approach� 
Darwinian evolution continues in Homo sapiens, but at rates so slow that it no longer has much 
impact on our history� This crux in the earth’s history has been reached because Lamarckian 
processes have finally been unleashed upon it� Human cultural evolution, in strong opposition 
to our biological history, is Lamarckian in character� What we learn in one generation, we 
transmit directly by teaching and writing� Acquired characters are inherited in technology and 
culture “ (Gould 1980: 83-84)�

Or, in a more recent text:

“Human culture has introduced a new style of change to our planet, a form that Lamarck mistakenly 
advocated for biological evolution, but that does truly regulate cultural change–inheritance of 
acquired characters� Whatever we devise or improve in our lives, we pass directly to our offspring 
as machines and written instructions� Each generation can add, ameliorate, and pass on, thus 
imparting a progressive character to our technological artifacts” (Gould 1993: 215-216)� 

These texts seem to point to the fact that cultural traits are acquired during ontogenetic processes of 
development and are transmitted to offspring nor through genetic material, but through learning� But 
if the claim that cultural evolution is Lamarckian only intends to state this, then it becomes trivial� 
Given that cultural evolution is defined as the evolution of traits that does not involve any kind of 
genetic change, the prase “cultural evolution is Lamarckian” means the same as “cultural evolution 
is cultural”, and it is safe to assume that this is not the point (Kronfeldner 2007: 502)� The main point 
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has to do with the way in which the traits that are transmitted to the offspring are acquired� In the 
phrase “acquired traits are inherited” a more restricted sense of “acquired” is usually presupposed, 
one that expresses the acquisition of traits adequate to solve certain environmental problem as a 
response to the environmental problem itself (Kronfeldner 2007: 495)� This is the reason why, for 
instance, Boyd and Richardson characterize the cultural process of problem solving as Lamarckian 
(Boyd et al� 1985, p� 82)� Variation would not be blind, but would rather be guided by the resolution 
of the problem at hand (Fog 1999: 65-67 )� And this is the central point according to Gould himself:

“Why can’t organisms figure out what would do them good, develop those adaptative features 
by dint of effort during their lifetimes, and the pass those improvements to their offspring 
in the form of altered heredity? We call such a putative mechanism “Lamarckism” or “the 
inheritance of acquired characters”” (Gould 1996: 221)�

Lamarck explains the adaptation of organisms to their environment mainly through two laws 
(Lamarck 1809, chap� VII):

First law: During the life of animals, they exercise the use of certain organs and others get disused� 
The used ones get strengthened and developed, the others get weakened� (Commonly called the “law 
of use and disuse of organs”)�

Second law: The small and gradual changes individuals of a species experience throughout their lives 
are transmitted to their offspring� (The “law of inheritance of acquired traits” in the restricted sense)�

The use of a given organ to solve some problem peculiar to the environment is what triggers the 
development of the organ improving previous solutions� Although the law of use and disuse can 
hardly be applied literally to cultural evolution, it is this feature of the way that variation arises that 
seems to be in play here� Indeed, according to many authors, it would be an essential feature of the 
theory of natural selection that the variation over which it operates is random, blind or decoupled 
(e�g�  Fracchia et al� 2005:17; Gomila 2009: 340; Gould 1996: 221)�

According to Campbell, for variations to be blind they must meet the following requirements 
(Campbell 1974, p� 421):

1� They must arise without a prior knowledge of which ones, if any, are going to be selected for�
2� They are independent of the environmental conditions at the moment of their occurrence�
3� The occurrence of each trial is not correlated with the solution, that is, specific correct trials 

are not more probable that the rest�
4� A variation succeeding an incorrect trial is not a correction of it�

It can easily be seen why mechanisms as use and disuse, which presuppose the inheritance of acquired 
traits, would not be blind� They would not satisfy the second requirement, since environmental 
conditions would be causally responsible for successful variation, and neither the third, because 
successful variations would be more probable than unsuccessful ones� If the variation postulated 
by the theory of natural selection is blind, then the theory of natural selection is inconsistent with 
Lamarck’s first law� Of course, it is precisely this blindness that has been found attractive by some 
authors in order to think of cultural change� For instance, it is this feature that drives Popper into 
considering the change of scientific theories as analogous to biological evolution� Just as there is no 
direct instruction from the environment in biological evolution, there is no inductive process from 
experience to the discovery of new theories in the logic of scientific research (Popper 1974, pp� 
34-41)� Moreover, the fact that the theory of natural selection can operate over variations that are 
relatively spontaneous is what gives it much more explanatory scope than Lamarck’s theory� Since 
Darwin accepted these two Lamarckian laws (unlike other aspects of his theory, as the tendency 
towards complexity that according to Lamarck drove evolution), but considered that the majority of 
the traits adequate for the environment remained unexplained:
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 “Naturalists continually refer to external conditions, such as climate, food, &c�, as the only 
possible cause of variation� In one very limited sense, as we shall hereafter see, this may be 
true; but it is preposterous to attribute to mere external conditions, the structure, for instance, 
of the woodpecker, with its feet, tail, beak, and tongue, so admirably adapted to catch insects 
under the bark of trees� In the case of the misseltoe, which draws its nourishment from certain 
trees, which has seeds that must be transported by certain birds, and which has flowers with 
separate sexes absolutely requiring the agency of certain insects to bring pollen from one 
flower to the other, it is equally preposterous to account for the structure of this parasite, with 
its relations to several distinct organic beings, by the effects of external conditions, or of habit, 
or of the volition of the plant itself” (Darwin 1859, p� 3)� 

The reference to explanation by means of habit or the will points to the fact that use and disuse presuppose 
the will or the habit of using or not using certain organ�

Part of the explanatory power of the theory, then, lies in that it is not necessary to accept any mechanism 
of direct instruction by the environment in order for adaptation to such environment to be increased� But, 
is it necessary that variation in all cases be independent in this sense from the environment? Variation 
can be blind, but must it be so? If that was the case, then, indeed, the theory of natural selection would be 
inconsistent with direct instruction by the environment and, if cultural traits arise as a direct response to 
environmental problems, then the theory of natural selection could not be coherently applied to cultural 
evolution�

It is customary to characterize the theory of natural selection using the expression “blind variation and 
selective retention”� I believe there are two reasons why it is affirmed that variation must be blind� On the 
one hand, it is because ordinary applications of the theory involve genetically determined traits, and current 
molecular biology has shown (though previous authors such as Weissmann had already suggested it) that 
there is no system that allows modifications acquired during the process of ontogenetic development to 
be inscribed into the genome that will be passed on to the offspring� The other reason is that, since there is 
not any good reconstruction and presentation of the theory of natural selection, it is not clear why a case 
of selection over variations produced in a non blind manner would count as a case of natural selection 
rather than of the operation of Lamarckian laws� Thus, for instance, Richards describes Toulmin’s appeal 
to a non-blind or, in the latter’s own terminology, “coupled” theory of natural selection to account for the 
evolution of conceptual populations (Toulmin 1972, pp� 324-340), as an abandonment of natural selection 
altogether and an acceptance of a Lamarckian mechanism (Richards 1987, p� 578)�

Even those authors that are not committed to blind variation and that purport to provide a version of the 
theory of natural selection general enough as to allow for its application to cultural phenomena present 
it poorly as consisting of the three principles of variation, reproduction and selection, without much 
elucidation of such concepts and the way they are applied (Álvarez 2009: 321; Fog 1999: 60)� This makes 
room for unfounded suspicions about whether, in effect, it is the same theory which is operating� I will 
now present a reconstruction of the theory of natural selection that, though informal and sketchy, suffices 
for showing that this theory is more complex than the mere variation and selection� The presentation of its 
fundamental concepts, the form of its fundamental law and the different ways in which the latter is applied 
in its special laws, will erase any fear that accepting directed variations for natural selection destroys what 
is peculiar to the theory�

The Darwinian Theory of Natural Selection

As is well known, what Darwin wants to explain with the theory of natural selection (TNS) is certain 
adequacy or adjustment of organisms to their environment� 

For instance:

“The giraffe, by its lofty stature, much elongated neck, fore-legs, head and tongue, has its 
whole frame beautifully adapted for browsing on the higher branches of trees� It can thus 
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obtain food beyond the reach of the other Ungulata or hoofed animals inhabiting the same 
country; and this must be a great advantage to it during dearths” (Darwin 1872, p� 177)�

The way Darwin explains the fixation of this trait in the population of giraffes is the following:

“So under nature with the nascent giraffe, the individuals which were the highest browsers 
and were able during dearths to reach even an inch or two above the others, will often have 
been preserved; for they will have roamed over the whole country in search of food� That the 
individuals of the same species often differ slightly in the relative lengths of all their parts may 
be seen in many works of natural history, in which careful measurements are given� These 
slight proportional differences, due to the laws of growth and variation, are not of the slightest 
use or importance to most species� But it will have been otherwise with he nascent giraffe, 
considering its probable habits of life; for those individuals which had some one part or several 
parts of their bodies rather more elongated than usual, would generally have survived. These 
will have intercrossed and left offspring, either inheriting the same bodily peculiarities, or with 
a tendency to vary again in the same manner; whilst the individuals, less favoured in the same 
respects, will have been the most liable to perish” (Darwin 1872, pp� 177-178, my emphasis)�

If we consider, following metatheoretical structuralism, that TNS’s fundamental law is that statement 
in which the fundamental concepts of TNS appear related (Balzer, Moulines & Sneed 1987, p� 19), 
we can extract an instantiation of the fundamental law of TNS from the previous passage:

Giraffes with the longer necks, fore-legs, heads and tongues are more effective in feeding from 
the higher branches of trees, thus improving their survival and, consequently, their differential 
reproductive success.

Nothing seems superfluous in this statement� If we removed any if its parts, the explanation it provides 
would falter� If the function assigned to the trait by the organism, that of reaching the higher branches 
of trees, is removed, we would not know why such trait could improve survival� It could improve it 
for other reasons, for instance, by intimidating possible predators� This would be an alternative and 
competing explanation to the one offered by Darwin� If we remove the improvement in survival, the 
relation between the trait and reproductive success would remain indeterminate� As we will see, this 
connection is not always established by improvement in survival�

We can find this very explanatory structure in other places in the Origin. For instance, it is possible to 
give a similar explanation in answer to the question “How was it that certain population of caterpillars 
acquired shapes similar to those of the branches in which they feed that allow them to pass unnoticed 
in order to protect them from predators?”

“But in all the foregoing cases the insects in their original state no doubt presented some rude 
and accidental resemblance to an object commonly found in the stations frequented by them� 
Nor is this at all improbable, considering the almost infinite number of surrounding objects and 
the diversity in form and colour of the hosts of insects which exist� As some rude resemblance 
is necessary for the first start, we can understand how it is that the larger and higher animals 
do not (with the exception, as far as I know, of one fish) resemble for the sake of protection 
special objects, but only the surface which commonly surrounds them, and this chiefly in 
colour� Assuming that an insect originally happened to resemble in some degree a dead twig or 
a decayed leaf, and that it varied slightly in many ways, then all the variations which rendered 
the insect at all more like any such object, and thus favoured its escape, would be preserved, 
whilst other variations would be neglected and ultimately lost; or, if they rendered the insect at 
all less like the imitated object, they would be eliminated” (Darwin 1872, p� 182)� 

In this case the law-like statement presupposed is the following:

Caterpillars whose shape and color allow them to camouflage with the plant on which they feed tend 
to leave more descendants in virtue of having improved their survival in their environment.
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Abstracting from these two statements we come closer to what I consider to be the fundamental law 
of TNS:

Individuals with traits that perform certain function more efficiently improve their survival, thus 
improving their differential reproductive success.

The fundamental law of TNS would have at least three components:

 • The trait that performs certain function more efficiently�
 • The differential reproductive success�
 • The connection between the proper trait and reproductive success, which in these cases obtains 

by means of an improvement in survival�

To arrive at a more general version of the fundamental law of TNS we have to take into account 
that there are explanations that possess the same structure, but in which the connection between the 
proper trait and the improvement in differential reproductive success does not obtain by way of an 
improvement in survival� For instance, in the following case of sexual selection:

“Generally, the most vigorous males, those which are best fitted for their places in nature, 
will leave most progeny� But in many cases, victory will depend not on general vigour, but on 
having special weapons, confined to the male sex� A hornless stag or spurless cock would have 
a poor chance of leaving offspring� Sexual selection by always allowing the victor to breed 
might surely give indomitable courage, length to the spur, and strength to the wing to strike in 
the spurred leg […]” (Darwin 1859, p� 88)�

The law-like statement presupposed in this case would be:

Roosters with spurs more effective for fighting against other roosters tend to mate more, consequently 
improving their differential reproductive success.

In other cases the explanation may resort neither to improvements in survival nor improvements in 
the ability to attract sexual partners� For example:

“Those individual flowers which had the largest glands or nectaries, and which excreted most 
nectar, would be oftenest visited by insects, and would be oftenest crossed; and so in the long-
run would gain the upper hand” (Darwin 1859, p� 92)� 

The law-like statement presupposed would be:

Plants that produce flowers more attractive to insects tend to increase their fertility improving, 
consequently, their success in differential reproduction.

The concept that varies through the different applications Darwin makes of his theory is proposed 
with TNS to explain what it purports to� It is an abstract concept that receives different interpretations 
and that affords Darwin many different explanations� The connection between the trait that is 
adequate for the environment and success in differential reproduction does not always obtain by 
means of an improvement in survival, as is generally supposed� If we call this concept “aptitude”, the 
fundamental law of TNS could be:

Individuals with traits that perform certain function better improve their aptitude, thus improving 
their success in differential reproduction.

These are some of the fundamental concepts of the theory� There are others that I have not considered, 
such as that of environment or that of inheritance� But with this presentation it can already be seen 
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that the structure is more complex than is usually acknowledged, as much in textbook presentations 
as in available reconstructions�

We can find different instantiations of this structure in the different special laws that arise from the 
several instantiations of the concept of aptitude throughout Darwins’s writings� It is interesting to 
notice that this very same wide explanatory structure, that does not always include an improvement 
in survival, can already be found in Darwin’s earliest evolutionist writings� For example:

“[…] if the number of individuals of a species with plumed seeds could be increased by greater 
powers of dissemination within its own area (that is if the check to increase fell chiefly on 
the seeds), those seeds which were provided with ever so little more down, or with a plume 
placed so as to be slightly more acted on by the winds, would in the long run tend to be most 
disseminated; and hence a greater number of seeds thus formed would germinate, and would 
tend to produce plants inheriting this slightly better adapted down” (Darwin 1844: 92)� 

In this case the instantiation of the fundamental law would be:

Organisms whose seeds have traits that allow them to glide in the air spread their seeds better, thus 
improving their success in differential reproduction.

It is also interesting to point that in Darwin himself we can find adaptations presented at a wider level 
than that of the individual:

“[…] it may be believed that under certain circumstances individual differences in the curvature 
or length of the proboscis, &c�, too slight to be appreciated by us, might profit a bee or other 
insect, so that certain individuals would be able to obtain their food more quickly than others; 
and thus the communities to which they belonged would flourish and throw off many swarms 
inheriting the same peculiarities” (Darwin 1872, pp� 74-75)� 

The law-like statement presupposed in the explanation would be the following:

Bees whose tongues have the most effective curvedness or length to collect nectar from certain 
flowers will improve the performance of the community they belong to, improving the differential 
reproductive success of that community.

Fig. 1: Theory-net for the theory of natural selection

All these explanations 
share the same 
structure and there is 
an interesting sense in 
which it can be held 
that they are part of 
the same theory, even 
though Darwin himself 
uses the expression 
“natural selection” in 
a more restricted sense 
on certain occasions� 
Only if we consider 
this wide theory of 
natural selection can 
we understand why, 
according to Darwin, 
the strongest reason to 
accept the theory is its 
unifying force�
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Structuralists use the expression “theory-net” (Balzer, Moulines & Sneed 1987) to refer to the web 
of special laws that arise by specialization from the fundamental law and that constitute the most 
usual sense that in practice is given to the term “theory”� The theory-net based on the different 
specializations of aptitude would look like figure 1�

Nature of the variation

The fundamental law of the theory of natural selection as has been presented in the previous 
section presupposes the existence of the variation� In a given population it is possible to explain the 
differences in reproductive success only if there are differences regarding traits of the organisms 
from such population that imply differences in aptitude� But, as can be seen in the texts from Darwin 
reproduce above, he says nothing about the origin or the causes of the variation� That is because he 
just ignored them:

“Our ignorance of the laws of variation is profound� Not in one case out of a hundred can we 
pretend to assign any reason why this or that part differs, more or less, from the same part 
in the parents� But whenever we have the means of instituting a comparison, the same laws 
appear to have acted in producing the lesser differences between varieties of the same species, 
and the greater differences between species of the same genus” (Darwin 1859: 167)�

Darwin was aware that he did not know the causes of variation� He only knew some empirical 
generalizations regarding them� The theory of natural selection was born independently from any 
theory about the causes of variation and its behavior, building upon the empirical fact of phenotypical 
variation� Did Darwin consider that the variation over which natural selection operated ought to be 
“blind” in the sense explained above? In countless places in the Origin of Species Darwin subscribes 
to what Mayr calls “soft inheritance” (Mayr 1982: 687-698)� In a characterization anachronical for its 
application to Darwin’s ideas, Mayr describes the belief in soft inheritance as the belief that genetic 
material was flexible� Of course, Darwin did not speak of genetic material in any way, but there 
are two beliefs of his that, according to Mayr, would imply the belief in soft inheritance� The belief 
in the direct effects of the environment and in the effects of use and disuse as causes of evolution� 
Regarding the direct influence of the environment we can find many passages in which Darwin 
holds that the direct action of the environment could have had some influence in the production of 
the races� For instance:

“Some little effect may, perhaps, be attributed to the direct action of the external conditions of 
life” (Darwin 1859: 29)�

or,

“How much direct effect difference of climate, food, &c�, produces on any being is extremely 
doubtful� My impression is, that the effect is extremely small in the case of animals, but perhaps 
rather more in that of plants” (Darwin 1859: 132)� 

As for the effects of use and disuse,

“I think there can be little doubt that use in our domestic animals strengthens and enlarges 
certain parts, and disuse diminishes them; and that such modifications are inherited” (Darwin 
1859: 134)�

These passages show that Darwin thought that the direct instruction of the environment and the 
two laws from Lamarck mentioned before work as mechanisms alternative to natural selection� 
This is possible only because Darwin, in effect, thought of inheritance as “soft”� But these 
mechanisms also have an interesting role regarding our current issue� Darwin is explicit in 
holding that those mechanisms worked, in addition, as causes of the variation over which natural 
selection operated:
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“I may add, that when under nature the conditions of life do change, variations and reversions 
of character probably do occur; but natural selection, as will hereafter be explained, will 
determine how far the new characters thus arising shall be preserved” (Darwin 1859: 15)�

Near the end of the chapter dedicated to the laws of variation, after revisiting all the possible causes 
of variations, among which we find use and disuse and the influence of the environment:

“Whatever the cause may be of each slight difference in the offspring from their parents—
and a cause for each must exist—it is the steady accumulation, through natural selection, of 
such differences, when beneficial to the individual, that gives rise to all the more important 
modifications of structure, by which the innumerable beings on the face of this earth are 
enabled to struggle with each other, and the best adapted to survive” (Darwin 1859: 170)�

Darwin, therefore, believed that the variations over which the selective mechanisms ran could be 
caused by direct influence of the environment and as a result of use and disuse� That variations 
might be caused by the influence of environmental conditions goes against Campbell’s requisite 
(2) mentioned before that variation should be blind� That they might be caused by use and disuse is 
incompatible with requisites (3) and (4)� That is, the variation for Darwin did not need to be blind in 
Campbell’s sense (Hodgson 2001: 103-105; Kronfeldner 2007: 499)� 

The additional explanatory power of the Darwinian theory of natural selection consisted precisely 
in that it could work on variations that did not depend on habit and were, therefore, more or less 
spontaneous� The force of the theory lay in that the variation might not arise as a response to the 
demands of the environment� But it did not have to be like this in all cases� The issue of it being 
impossible to distinguish between Lamarckian and Darwinian mechanisms if variation is blind can, 
I think, be eluded by paying attention to the complexity of the explanation� On the other hand, there 
is no risk either of the theory of natural selection becoming vacuous or irrefutable by making it more 
general than the version that works only on blind variations, since each of its parts is independently 
testable� If we claim, for instance, that fowl with tails with certain characteristics are more attractive 
to females and, therefore, get to mate more, improving their reproductive success, each of these 
claims can be tested by empirical means, with absolute independence of the nature of the variation� 
Finally, if the variation was generated by non-blind mechanisms, this does not make natural selection 
irrelevant, since the particular variation obtained non-blindly might still improve or worsen the 
reproductive success of the organism (Dawkins 1986: 300)�

Darwinian cultural adaptions

As we saw, Darwin thought it possible for natural selection to work over directed variations� This 
makes it conceptually possible for the theory he devised to be applied to cultural evolution� But, in 
addition, he expressed, even if on few occasions, his openness to applying his theory without the 
need that variations be transmitted through hereditary material (Lewens 2008):

“Now, if some one man in a tribe, more sagacious than the others, invented a new snare or 
weapon, or other means of attack or defence, the plainest self-interest, without the assistance 
of much reasoning power, would prompt the other members to imitate him; and all would thus 
profit� The habitual practice of each new art must likewise in some slight degree strengthen 
the intellect� If the new invention were an important one, the tribe would increase in number, 
spread, and supplant other tribes” (Darwin 1874: 129)�

In this case the trait arises as a response to a need, that is, by a directed non-blind variation, and the 
inheritance mechanism is not genetics, but imitation� We can find, however, the same structure as 
in the cases considered� There is a trait, in this case a cultural one, the new technological artifact, 
and there is an improvement in the aptitude of the tribe that will lead to an improvement in its 
reproductive success� It is a case of selection at group level�
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Another interesting case is the following:

“We see variability in every tongue, and new words are continually cropping up; but as there 
is a limit to the powers of the memory, single words, like whole languages, gradually become 
extinct� As Max Müller has well remarked:—”A struggle for life is constantly going on 
amongst the words and grammatical forms in each language� The better, the shorter, the easier 
forms are constantly gaining the upper hand, and they owe their success to their own inherent 
virtue�” To these more important causes of the survival of certain words, mere novelty and 
fashion may be added; for there is in the mind of man a strong love for slight changes in all 
things� The survival or preservation of certain favoured words in the struggle for existence is 
natural selection” (Darwin 1874: 90-91)�

In this case, the theory of natural selection does not even apply to living organisms, but, in a way that 
seems to anticipate memetics, to forms of language� The Darwinian theory of natural selection, in 
addition to being consistent with it, was applied to cultural evolution by Darwin himself�

Conclusion

I have presented a sketch of the fundamental law of the theory of natural selection as it was conceived 
by Darwin and of the several ways in which it was applied� I have tried to show that if the claim that 
cultural evolution is Lamarckian only holds that cultural traits obtained as a response to demands of 
the environment are transmitted to offspring through imitation or more complex forms of learning, 
that does not imply that natural selection cannot play an explanatory role regarding the evolution of 
traits of this kind� This supposed inconsistency is based on the usually held idea that natural selection 
works over a blind variation and, as we saw, it is possible to hold versions of natural selection that 
only require variation� One example is the theory as it was conceived by Darwin� Of course, one 
can hold, as many epistemologists do (such as Popper or Campbell), that cultural evolution is not 
Lamarckian in this sense� But if it was, that does not imply that it cannot be studied in a Darwinian 
way� The use of the phrase “cultural evolution, in opposition to biological evolution, is Lamarckian” 
as it is usually used to attack Darwinian studies of cultural evolution, does not have any conceptual 
ground at all�
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Abstract

Taxonomy works forming groups of specimens or of any kind of object on the basis of a particular series of 
criteria� Its use can be extended to all areas of knowledge of historical nature in which variation and diversity 
are constantly produced through time and space� Although taxonomy has been applied to anthropology and ar-
chaeology for a long time, most of the methodological achievements have taken place in evolutionary biology�

The main aim of this paper is to introduce researchers in social sciences, especially archaeologists, to the fun-
damental theory underlying all of the taxonomical reconstructions and classifications, as well as to present the 
historiography and methodological development of this research area�

However, the main body of the paper is concerned with the presentation of the different philosophical schools 
of taxonomy: phenetics, cladistics and evolutionary taxonomy� Due to the important implications that this has 
for our approaches it is essential to define each one clearly and to undertake an explicit comparative analysis 
between them within an archaeological framework�

KEYWORDS: ARCHAEOLOGICAL THEORY, TAXONOMY, CLASSIFICATION, PHENETICS, CLADISTICS, EVO-
LUTIONARY TAXONOMY�

Resumen

La Taxonomía trabaja formando grupos de especimenes u objetos según una serie de criterios particulares� Su 
aplicación puede extenderse a todas aquellas áreas de conocimiento de naturalezas históricas donde se produce 
constantemente variación y diversidad a lo largo del tiempo y del espacio� Aunque la Taxonomía se ha aplicado 
a la Antropología y a la Arqueología desde hace mucho tiempo, la mayoría de logros metodológicos ha tenido 
lugar en la Biología evolutiva�

El principal objetivo de este artículo es introducir a investigadores de ciencias sociales, especialmente ar-
queólogos, a los fundamentos teóricos subyacentes a toda reconstrucción taxonómica y tarea de clasificación, 
así como exponer la historiografía y el desarrollo metodológico de esta área de investigación�

No obstante, la parte principal del trabajo concierne a la presentación de las diferentes escuelas de la Tax-
onomía: Fenética, Cladística y Taxonomía evolutiva� Debido a las importantes implicaciones que esto tiene 
en nuestras aproximaciones, es esencial definir claramente cada una de ellas, así como establecer un análisis 
comparativo explícito entre las mismas dentro de una discusión de naturaleza arqueológica�

PALABRAS CLAVE: TEORÍA ARQUEOLÓGICA, TAXONOMÍA, CLASIFICACIÓN, FENÉTICA, CLADÍSTICA, 
TAXONOMÍA EVOLUTIVA�

THEORY OF CLASSIFICATION AND TAXONOMICAL SCHOOLS: 
A SYNTHESIS FOR ARCHAEOLOGY
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GARCÍA RIVERO: THEORY OF CLASSIFICATION AND TAXONOMICAL SCHOOLS

��The most impressive aspect of the world of life is its diversity and the uniqueness of its  
components� …  Wherever we look in nature, we find uniqueness, and uniqueness means  
diversity� To sort all this and determine its nature is the task of taxonomy� (Mayr and Ashlock 
1991: 1)�

A brief historiographical introduction to taxonomy

The ordering and grouping of all kinds of beings and objects has been one of the main tasks since 
the dawn of scientific knowledge, and even long before� These tasks were not only taken up in 
important works and efforts among the classical thinkers, the scholars of the Renaissance and the 
Enlightenment, and the whole of the contemporary scientific community� Indeed, since Prehistoric 
times, the human perception has classified numerous animal and vegetal species, as well as a wide 
spectrum of stones, minerals and other objects�

The response to this incipient tendency to group and order individuals and groups may have been 
more complex than we often imagine, but was undoubtedly linked, on one hand, to the interest and 
the knowledge of the world that surrounds (in this case) the human species and, on the other hand, 
to an attempt to synthesise and understand the variability present within nature� Thus perhaps the 
main reason for classification is the creation of groups within large sets of specimens or objects that 
enable us to synthesise information and therefore to better understand the world that surrounds us� 
On the scientific level, classification makes the results of a study more intelligible and is therefore an 
efficient factor in the transmission of information and knowledge�

Understood as a tool of scientific research, taxonomy emerged in the 17th century and became 
established as a discipline of knowledge in the 18th century with the works of C� Linnaeus� His 
Sistema Naturae included a hierarchical classification with a number of degrees of inclusion, the 
names of which remain today (kingdom, class, order, family, genus and species)� Since Linnaeus 
himself conceived Nature as a static and immutable divine design, the main criterion in his approach 
to the grouping of individuals was similarity� Thus the specimens or groups of specimens that share 
most similarities belong closer to each other in the classification� This methodology, still valid today, 
is known by the term phenetics (although further detail will be given below, for now it is useful 
to note that phenetics uses exclusively the criteria of similarity between individuals to establish 
taxonomic groups, without considering the implications of evolution and the laws of inheritance, and 
therefore without distinguishing between the different types or causes of similarity)�

However, the main work of Charles R� Darwin (1859) in the following century would imply the 
consideration of a new perspective in the processes of elaboration of classifications� Indeed the idea 
of the transformism of species, as elements that change over time, and the idea of inheritance already 
existed in the work of J�B� Lamarck (1809)� Darwin based his theory of descent with modification on 
the Linnaean taxonomic model but incorporated natural selection as the mechanism behind change� 
A quote taken from a recent study describes clearly though succinctly the idea that Darwin himself 
held on how individuals were to be grouped in the creation of taxonomic groups: «I believe that the 
arrangement of the groups within each class, in due subordination and relation to the other groups, 
must be strictly genealogical in order to be natural» (Darwin 1859: 420, quoted in O’Brien and 
Lyman 2005: 94)� And this was well illustrated by the single figure included in his famous book 
(Darwin 1859, Diagram pp� 116-117)�

This idea and its systematic application became consolidated during the 20th century� The neodarwinian 
synthesis –what Huxley (1942) referred to as the Modern Synthesis- enabled the epistemological 
and ontological realignment of the Linnaean taxonomic model with Darwinian evolutionary theory 
(O’Brien and Lyman 2005: 95)�

The works of W� Hennig in the 1960s (e�g� 1965; 1966), though published in his native German 
language in the previous decade (1950), meant the consolidation of the phylogenetic systematic� 
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The approach known finally as cladistics considers the evolutionary laws and the characters linked 
exclusively to the relationships of descent in the creation of taxonomic groups�

However, the cladistic model was too strict in several ways for many taxonomists, as we shall see 
below� A further taxonomic approach thus was developed in the following decade, in good part due 
to E� Mayr (Mayr 1969; Mayr and Aschlock 1991), which would become known as evolutionary 
taxonomy� This approach displays various objections and controversies with respect to cladism, but 
effectively assumes the Darwinian phylogenetic ideas� For now, this third school may be defined as 
a fusion and synthesis of the phenetic approach based on distances and the exclusively genealogical 
cladistic approach�

These three schools of taxonomic thought –phenetics, cladistics and evolutionary taxonomy- remain 
valid today, although the latter two are by far the most common in the study of biology� They are 
not however as common in other fields of knowledge in which it is of key importance to establish 
groups within large sets of individuals, as is the case of those disciplines concerned with the study 
of culture and human behaviour, as are anthropology and archaeology� Most archaeologists continue 
to work exclusively with the criteria of how similar one find is to another� And little interest has 
been placed on the problem of the consideration of cultures and archaeological sets as independent 
entities� This was noted in relation to anthropology by F� Galton, Darwin’s cousin, who remarked 
that the comparative studies of human adaptation are irrelevant if the possibility of different cultures 
sharing a common origin for the adaptative trait under study cannot be discarded (O’Brien et al� 
2008: 39)� In summary, it is of key importance to delve into greater detail and determine whether 
the traits shared by different taxa (cultures, populations, etc�), and that we use to group them 
together in our classifications, are shared because they stem from a common ancestor or for other 
reasons (adaptation, cultural borrowing, evolutionary convergence, etc�)� As we shall see further 
below, phylogenetics is confronted with this issue� Fortunately, the last decade has witnessed the 
proliferation of anthropological and archaeological approaches using phylogenetic methods, leading 
to the publication of several monographic works on the subject (e�g� O’Brien and Lyman 2003; 
Mace, Holden and Shennan 2005; Lipo et al� 2006)�

On the concept of species

The species is generally considered as the most basic unit or taxon of the hierarchical scale of 
biological classification� Therefore, the idea or unit of species is closely linked to taxonomy� Here 
we do not aspire at all to enter into the detail of the concept of species nor into the debate regarding 
this issue in the field of biology� However we believe it important to mention, though briefly (due to 
the space available) some aspects of high relevance� And by this we intend to promote a reflection 
on the issue, in the mind of the archaeologist, that is to centre the question on the units or types that 
we normally use in archaeology�

Not all taxonomists understand the same by species� Indeed, the concept of species is so plastic for 
biologists that only with difficulty, were it to be possible, could one find a definition to the liking 
of everyone� Currently there are a great number of different understandings of the term, from the 
twenty-two definitions recovered from the recent bibliography used by R�L� Mayden (1997) to the 
limited half a dozen acknowledged by most researchers� But since when and most of all why does 
this debate exist?

The debate has existed since the emergence of scientific taxonomy� C� Linnaeus understood species 
under the vision of a primeval stability that led him to affirm that: «There are as many species as 
the Infinite Being produced diverse forms in the beginning» (LINNAEUS 1735, quoted in Zimmer 
2008: 74)� J�B� Lamarck, in contrast, perceived the idea of their transformism:

“…Cette définition est exacte; car tout individu jouissant de la vie, ressemble toujours, à très-
peu près, à celui ou à ceux dont il provient� Mais on ajoute à cette définition, la supposition 
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que les individus qui composent une espèce ne varient jamais dans leur caractère spécifique, 
et que conséquemment l’espèce a une constance absolue dans la nature�C’est uniquement cette 
supposition que je me propose de combattre, parce que des preuves évidentes obtenues par 
l’observation, constatent qu’elle n’est pas fondée…”(Lamarck 1809: 54)�

A brief quote of Darwin directs us towards the current debate on the concept of species: «I look at the term 
‘species’ as one arbitrarily given, for the sake of convenience, to a set of individuals closely resembling each 
other» (Darwin 1859, quoted in Zimmer 2008: 74)� The discussion on the concept of species intensified 
considerably throughout the 20th century, with the emergence of the Synthesis in the 1940s and with the 
development of the systematic phylogenetic methods in the 1950s and mainly 1960s�

With regard to the second part of the question formulated above, asking why this discussion exists, 
there are mainly three factors� First, the immense plasticity and diversity displayed by the living and 
fossil record generally makes difficult the definition and demarcation between species� Second, the 
ontological nature of the term itself, or, in other words, what the theoretical premise of what a species 
should be, causes variable responses� Is a species a discrete unit, a product of evolution, or on the 
contrary is it an analytical definition used to describe the variation and diversity of the organic record? 
The first perspective is known as a realist species and the latter as a nominalist species (Ridley 1996: 
420)� Third, the different approaches in different fields of research are also an influence� Indeed, the 
definition of species varies between taxonomists concerned with the study of mammals, birds, plants, 
or bacteria due to the differences in the intensity and in the processes and mechanisms of variation 
themselves, as well as to the different scales of analysis� The different characteristics or patterns 
of variation and speciation of the record are particularly important and have relevant implications 
such as the evolutionary rhythm of one or another species� Depending even on how one considers 
speciation (the process by which new types of organisms emerge from ancestral forms), there will 
be different approaches to what a species should be and, moreover, to how these species should be 
sought and established by means of the taxonomy of one or another field of knowledge�    

In the following section, we will focus only on four definitions of species that are accepted by most 
taxonomists: typological-phenetic, biological-reproductive, phylogenetic and evolutionary� Other 
definitions of species commonly accepted are those based on concepts of cohesion, recognition or 
ecology� For further detail on the debate on the definition of species see (Hennig 1966; Mayr and 
Ashlock 1991; Ridley 1996; Mayden 1997; Wheeler and Meier 2000; and also, Coyne and Allen 
2004, cited in Zimmer 2008)�

First of all, the typological concept of species is based on the global similarity between specimens, 
which are normally grouped together following a previous taxon as an ideal type� It focuses essentially 
on morphological characteristics and does not take into account the evolutionary principles� This 
definition of species characterises the taxonomical school known as Phenetics; both (the definition 
and the school) still dominate in archaeological classifications�

The biological-reproductive definition of species is the most followed definition in Biology� 
Reproductive crossing with fertile offspring is the criterion that enables two individuals to be attributed 
to the same species (Dobzhansky 1937: 228-258; Mayr 1963: 89-109)� It is therefore an atemporal 
–and non-dimensional- concept of species that is not applicable when time is to be considered� 
The biological definition is also problematic since is cannot be applied to asexual organisms, thus 
supposedly making it inapplicable to archaeological material culture�

In third place, the phylogenetic concept of species (sometimes referred to as hennigian) possesses 
numerous definitions, all of which are partly different (cf� Hennig 1965; 1966; Cracraft 1983; 1987; 
Meier and Willman 2000; Mishler and Theriot 2000; Wheeler and Platnick 2000)� Despite their 
differences, as we shall see below, they possess a common taxonomical definition based on the 
presence of derived traits that are shared by two or more taxa in common with their immediate 
ancestor� It is a vertical and genealogical conception, with a temporal dimension� Indeed, these 
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definitions of species dominate in the remaining taxonomical schools known as Cladistics and 
Evolutionary taxonomy� What is now known as Cladistics was previously named as Systematic 
phylogenetics, after the works of W� Hennig (1965; 1966)� Currently, Cladistics and Evolutionary 
taxonomy are generally known as Phylogenetics�

Finally, the evolutionary conception of species can be traced at least to the works of G�G�Simpson 
(1951; 1961)� The height of the discussion of the concept of species in relation to systematic 
phylogenetics, from the 1980’s onwards, led many authors to use the evolutionary definition in 
their approaches (Wiley and Mayden 2000: 71-72)� This definition minimises the importance of the 
characterisation of groups based on shared derived characters and considers other types of evidence 
such as the mode of reproduction, the genetic flow, and the geographical information� It requires the 
union of the phylogenetic methodological procedure with information on processes of coevolution, 
historical ecology, biogeography, speciation and palaeontology� This definition of species is found in 
the works of Evolutionary taxonomy�

On characters and units in taxonomy

One of the basic issues in taxonomy concerns the elements used to order individuals and groups� These 
sections of information that we extract from the objects under study are of great importance� Thus when 
we are undertaking the study of an assemblage with the aim to classify its components, it is always 
important to reflect on how and why to extract one or another section of the total information available� 
A thorough reflection, taking into account the questions that are to be approached (what is it we want to 
answer?) and the scales of analysis, will be productive�

These pieces of information are what the taxonomist generally calls characters� They may be binary, 
that is with two possible measures or answers; for instance, the states of presence or absence of handles 
on pottery� But they may also be multistate, for example the colour of the surface of pottery� This duo 
of terms (character and state), so useful in coding and analysing information, can also be found in the 
archaeological literature for example as variable and attribute (Adams 1988: 47-48)� However, a widely 
used concept that covers the etymological needs of different fields of knowledge is that of trait�

There are different types of characters or traits� The most commonly used, in early studies and in recent 
work (with the exception of specific fields such as Molecular Biology), are the traits corresponding to 
morphological aspects� This information refers to shape, size, number or quantity, etc�, in short, to all 
of the details that may be observed through the visual analysis of an object as a tangible physical entity�

Another type, often used since the emergence of Genetics, is the molecular trait or DNA� The 
molecular information held by the genomes has recently received much interest in taxonomical 
studies, mainly phylogenetic (e�g� Yang and Goldman 2008)� An important part of this information 
is transmitted from one gene to another during the chromosomic replicative processes� That is, this 
information enables us to use the chains of genomes to reconstruct their evolution and to group 
the specimens over time� Recently, some information of this kind has emerged in paleonthology, 
although its use in archaeology is still clearly minority�

Lastly, a final type is given by the behavioural traits that are fundamental in studies of ethological 
nature� Naturally, these attributes can be easily observed in living populations but are difficult to 
recover for extinct groups� However, these behavioural traits may ultimately be inferred indirectly 
from the material culture, through the intermediary of morphological or molecular traits�

A detailed reflection on the characters and traits themselves, as measurable units that enable the 
scientific process, has important ontological implications� Archaeological studies that have gone into 
the detail of this question (e�g� Dunnell 1971; O’Brien and Lyman 2002) underline the versatility of 
the units in taxonomy, depending whether or not they are given a theoretical context�
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In this sense, the units of measure may be divided into two groups: descriptive units and analytical 
units, also named theoretical units by some authors (O’Brien and Lyman 2002: 41), which are created 
for a specific purpose� On one hand, the units may be used descriptively� Many empirical studies of 
culture history, among other tendencies, describe archaeological objects as an end in itself� However, 
these descriptions serve little to answer specific questions (of the type why and how) regarding the 
processes or other interpretative aspects involved� Such descriptions do, however, constitute excellent 
bodies of data available for later studies� On the other hand, the units may be analytical in nature� 
These units correspond to carefully selected characters which, by means of any given methodology, 
enable us to answer a series of specific questions, formulated beforehand (even prior to the collection 
of data)� Of course, the states or attributes of each one of the characters must be designed in function 
of the questions to be asked� Once the corresponding experimentations have been carried out, by 
means of any given method, the analytical traits will enable us (at least) to reject or maintain the 
working hypothesis, thus answering our question� The creation of a set of appropriate units for a 
specific purpose, process that we could call systematic, provides the necessary relationship between 
the theory and the empirical world (O’Brien and Lyman 2003b: 15)�

The units may further be derived extensionally or intentionally� In the first case, the units are defined 
on the basis of the observable attributes that are shared by the individuals� And they do not require 
an explicit theoretical basis� The criteria that constitute the units are thus based on the observable 
traits of the specimens currently classified within a group� This type of unit is thus influenced by the 
provisional nature of the sample at each point in time� This may cause that, faced with the discovery 
of a new specimen, the classification must be reviewed and reconstructed� The second case, in 
contrast, requires the theoretical specification of the necessary and sufficient conditions to be met for 
a specimen to be classified within a particular unit (O’Brien and Lyman 2002: 42)�

On the types of classification

Frequently there exists some confusion over some aspects of taxonomy, not only in archaeology but 
even among experienced taxonomists, especially regarding the relationships between units or the 
forms of classification (Dunnell 1971: 68-69)�

Classifications consist of sets of related characters, and thus differ according to the relationships 
between the distinctive constituent traits, since some may be of greater importance than others, i�e�, 
of greater weight� The distinctive traits necessary for a specimen to be considered of a particular 
class are named differentia (Stearn 1959; cited in O’Brien and Lyman 2003a: 25) or significata� The 
specimen itself (individuals that possess significata of a particular class) is the denotata (Dunnell 
1971: 45 and 70)�

But as we have seen above, the way in which the traits themselves are considered is important� These 
may be dealt with in two main ways with regards to the relationship between them� On one hand, 
they may be considered as equivalent, with the same weight, and associated to analogous attributes 
in other objects (intersection)� On the other hand, they may be structured hierarchically in such a 
way that they each possess a different weight and are thus associated by inference (inclusion)� This 
results in two types of completely different classification: paradigmatic and taxonomic, respectively 
(Dunnell 1971: 70)�

The paradigmatic classification (Figure 1a) creates groups using dimensions of traits� A dimension is 
a set of mutually exclusive alternative traits, and they differ according to the final product obtained 
from the possible combinations of dimensions (Dunnell 1971: 71)� An essential characteristic of the 
paradigmatic classification is that it presents no ambiguities, in terms of its internal structure and in 
the creation of groups of phenomena� It is objective since the classes produced are established with 
the same set and weighting of traits� Any paradigmatic classification may be expanded infinitely�
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Taxonomic classification (Figure 1b), in contrast, 
assumes from the outset a hierarchical order of the traits, 
based on the premise of the Linnaean taxonomic model 
of Nature� The family-based hierarchical structure of 
the taxonomy is based on distinctive non-dimensional 
forms� The traits are mutually exclusive and are not 
permutable, since the position of each one of the traits 
is not arbitrary�

If we compare both types of classification, the 
differences mentioned above are evident� The choice of 
one or another type will depend on diverse factors� But 
it is noteworthy that if the initial assumptions (due to the 
intuition of the researcher and the use of the hierarchical 
model) can be tested through experimentation, and 
suggest a high degree of probability, then the taxonomic 
classification is ideal� However, if the classes must 
be known prior to the taxonomic construction, as is 
frequent in studies of phenomena that remain little 
known (as may be the case in many archaeological 
issues), and the assumptions must remain static (without 
taking a risk that implies subjectivity and ambiguity), 
then paradigmatic classification is preferable (Dunnell 
1971: 82-84)� 

It is likely that the exclusion of such important aspects 
as those outlined above has caused confusion among 
classifications and researchers alike� In the North 
American archaeological context, the discussion over 
the creation of archaeological types goes back to the 
first half of the past century�

Figure 1: Graphical representations of the 
paradigmatic (a) and taxonomic classifications 

(b). Figure elaborated after (Dunnell 1971, 
Figures 4 and 6, respectively).

On the philosophical schools of classification

The work on classification carried out up until the present moment can be grouped basically into 
three philosophical schools� The first distinction to consider is whether the classification takes into 
account the principles of evolution by descent with modification� If the answer is no, that is if the 
classification does not assume these principles, then the approaches to classification may all be 
restricted to a school named phenetics� If, on the contrary, the evolutionary principles are accepted, 
then the classifications may belong to two theoretical schools: cladistics and evolutionary taxonomy� 
In the following sections we shall characterise each one of these schools� Each presentation includes 
the main principles and objections and some notes on their application� This theoretical section, 
inevitably, belongs to a general scientific field in which we find definitions and examples drawn 
from different areas of knowledge, mainly biology, although in so far as possible we shall attempt to 
illustrate some points with archaeological examples�

Phenetics

The term phenetics derives from phene, a concept that refers to any trait or characteristic of an 
organism� The phene alludes to the units of the phenotype in the same way as the gene refers to the 
units of the genome�

Phenetics is based fundamentally on the classification according to the general similarity between the 
specimens� On the basis of particular traits, some specimens are more similar to each other than they 
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Figure 2: The decoration of megalithic uprights and of the Iberian ‘plaque idols’ are very similar –
almost identical- to the motifs figuring on spatial and territorial markers and on other plaque-shaped 
artefacts in Northamerican indigenous societies. The same similarities are found when comparing 
the American painted river pebbles with those of the Cantabrian Azilian period. The left hand column 
corresponds to materials from indigenous tribes and the right hand column is formed by prehistoric 
materials from the Iberian Peninsula. (The elements are not to scale). Figure elaborated after (Carpenter 

and Schuster 1986; Breuil 1933-1935; Lillios 2004; Bueno et al. 2008).



20

DARWIN’S LEGACY

are to other specimens� If we calculate the shared characters (similarities) and the variable characters 
(differences) between the individuals under study, it is possible to establish a concrete measurement 
that will inform us about the dual relationship between two specimens� And in a set we will obtain 
concrete measurements that inform us about the relationships between all of the specimens� These 
measurements effectively tell us the distance between each pair of specimens and the distances 
between all of the specimens� A previous step to these calculations is the construction of a matrix of 
distances that reflects all of the vectors that relate all of the cases�

Let us suppose that we must classify an assemblage of prehistoric pottery vessels� A first look at 
the assemblage will enable us to establish different groups based on the global similarities� Thus 
we would probably group the vessels mainly according to their form� However, we would probably 
suggest a number of different groups, or at least we would redefine the initial groups, if as well as the 
form of the vessels we considered their sizes, surface colours, techniques and decorative motives, or 
any other characters�

Thus, it is argued by phenetics that the higher the number of traits considered, the more precise 
and correct the out coming classification� The apogee of computer-based resources over the past 
decades has enabled greater possibilities of calculation� Indeed, the studies began to include such a 
high number of characters that the approaches relied on an ever greater use of statistical techniques 
and methods� This approach thus became known as numerical taxonomy (Sokal and Sneath 1963)� 
Once faced with such a great quantity of data (characters, states and specimens) various multivariate 
methods of analysis were introduced, with the aim to synthesise the information and determine the 
contribution of diverse factors to the global set� Some of these procedures are factorial analysis, 
conglomerate analysis, principal component analysis, principal coordinate analysis, correspondence 
analysis, etc� The graphical representations obtained may generally be named phenograms, although 
there are a number of specific versions such as clusters, conglomerates and dendrograms�

According to some specialists, phenetics is efficient when applied to large groups with relatively 
similar specimens (Sokal and Sneath 1963; Jones and Gray 1994: 12)� However, there are numerous 
objections� Some are so serious and relevant that the phenetic analysis was abandoned by most 
taxonomists once alternative approaches were developed� Thus, from the 1960s and 70s onwards, 
practically all taxonomist biologists left phenetics for other schools that took into account the 
evolutionary principles� This did not occur, and is still barely occurring, in the social sciences 
concerned with the study of humans�

The first objection is effectively that phenetics does not take into account the evolutionary history 
of the organisms or objects under study, and ignores the relationships of descent� And this implies 
serious theoretical and methodological flaws� Two processes or phenomena illustrate this explicitly: 
parallelism and evolutionary convergence�

Firstly, a parallelism is a trait that emerges by chance in two different places and times, lacking any 
phylogenetic connections, or what is the same, lacking a common ancestor� For example, Figure 2 
compares some elements of the archaeological record of indigenous North American tribes with 
others from the Late Prehistory of the Iberian Peninsula� However, hardly anyone would defend that 
both material manifestations are similar, or almost identical, because they share a close common 
ancestor or because both populations and ethnic groups exchanged religions or symbolic universes� 
Rather it is an example of a random phenomenon that has led to a parallelism between two completely 
isolated populations and cultures, both geographically (on either side of the Atlantic Ocean) and in 
time� Now, in this hypothetical example we know the spatial and temporal discretion of the two 
societies taken as examples, but what happens when we are dealing with archaeological materials 
from a same continent and period? Distinguishing whether the traits are similar due to parallelisms 
or to links of common descent is practically impossible, or at best ambiguous� Thus the criterion of 
resemblance or global similarity of the phenetists has been strongly criticized� 
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Figure 3: Examples of technical and methodological ambiguities in Phenetics. This illustrates the 
dilemma caused by the classification of the species number 3, since it finds itself right in the centre of 
the distance that separates the sets A and B. Depending on the method of grouping that is used, it will 

be classified subjectively in one of the other set. Figure elaborated after (Ridley 1996, Figure 14.4).

Secondly, an evolutionary convergence refers to a trait that is found in two different places and times, 
lacking any phylogenetic connection, but whose emergence is due to similar processes of adaptation 
in both cases� Effectively it is a phenomenon similar to the parallelism described above, with the 
difference that in the case of an evolutionary convergence the main reason for the development of a 
particular trait on several occasions responds to similar selective pressures in different environments� 
Moreover, it occurs (apparently) more often than parallelism� An illustrative example is the trait 
fur or feather colour in different animals� The snow partridge and the snowy owl, just like the polar 
bear, possess white feathers and fur, as the result of the selective pressures of a snowy environment�  
The external colour of the organisms of these species has been modelled by the natural selection 
of populations that arrived and reproduced, over generations, in Arctic regions� This example 
demonstrates the emergence or modification of traits towards identical states in different animal 
species that share no recent phylogenetic history�

With respect to some archaeological assemblages, often part of poorly known phenomena, this warns 
us of the seriousness of this type of issue and should lead us to question the classificatory approach 
that currently dominates in archaeology�

Furthermore, the objections to phenetics are not only philosophical, as those outlined above� Phenetics 
also suffers purely technical and methodological problems� For example, some specimens may often 
belong right in the middle of the distance between two groups (Figure 3)� The placing of these 
intermediate specimens in one or the other group is based on ambiguous and subjective decisions, 
particularly given that we know that different and contradictory results will be reached depending on 
the measures of distance that we use�
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Cladistics

The term cladistics derives from the Greek concept of klados, meaning branch� The coinage of this 
term for this method refers to the process of speciation by means of the model of divergence that it 
assumes, and that is metaphorically illustrated by the trunk and branches of a tree�

The phylogenetic systematic, currently known more specifically as cladistics, emerged as an alternative 
taxonomical philosophical school to Phenetics, with the intention to eradicate the objections outlined 
above� In the first half of the 20th century some attempts were made to innovate the taxonomical 
approach, for instance by the work of W� Zimmerman (1931, cf� Donoghue and Kadereit 1992)� 
However, it was the work of W� Hennig (1950; 1965; 1966) that put forward a coherent structuration 
in terms of the systematization and objectivity of the concepts and criteria of analysis involved� The 
criterion of resemblance and similarity was relegated and the principles of inheritance became the 
unique criteria upon which to group assemblages of specimens�

Effectively, Hennig formalised and consolidated the methodological process of systematic 
phylogenetics, but the idea that the genealogical principles must define the reconstruction and 
classification of organisms and other types of entities (to obtain correct classifications) had been 
in the minds of previous researchers� Even before the naturalists, some linguists sensed that the 
historical languages must have come from ancestral languages� For example, the Dutchman M� Z� 
van Boxhorn, who recognised in 1643 the Indo-European linguistic family, conceived languages 
as organic systems of grammatical regularities and suggested that the similarity between the Indo-
European languages may be due to the existence of a primitive common language (van Driem 2001: 
159)� W� Jones (1786) continued with this idea and suggested that the similarity between Sanskrit and 
the European languages, such as Greek and Latin, was a result of their emergence from a fairly recent 
single ancestral language, now known as Proto-Indo-European� Barely five years after the publication 
of the first edition of the Origin of Species, a genealogical study of the Indo-European languages 
was published by A� Schleicher (1863)� This work offers a classification of the evolution of some 
Indo-European languages, in the purest style of the current phylogenetic graphical representations 
(Schleicher 1863, cited in Forster and Renfrew 2006, Figure I�2�)� This evolutionary conception 
in the linguistic field was not limited to the study of the evolution of languages� The idea that the 
systematic study of the variants (changing elements) in the traditions of manuscripts is genealogical 
in nature was claimed in the first half of the 19th century by students and analysts of manuscripts 
(stemmatic analysis) such as K� Lachmann and C� Gottlieb Zumpt�

But let us focus here on biology because it was in this field that the phylogenetic methodological 
systematization took place, and because we would otherwise stray from the main theme of this 
paper� In the first section of this study, we referred to a short quote by Darwin regarding the basic 
fundamentals of classification� It is also worth recalling a known quote by Simpson, which exemplifies 
perfectly the difference between the phenetic and the phylogenetic philosophical perceptions:

Here it is necessary again to emphasize the distinction between definition and the evidence that 
the definition is met� We propose to define taxonomic categories in evolutionary and to the  
largest extent phylogenetic terms, but to use evidence that is almost entirely nonphylogenetic when 
taken as individual observation …� The well-known example of monozygotic (“identical”) twins …� 
The individuals in question are not twins because they are similar but, quite the contrary, are similar 
because they are twins� Precisely so, individuals do not belong in the same taxon because they are 
similar, but they are similar because they belong in the same taxon� (Simpson 1961: 69)�

Cladistic classification reflects the evolutionary history of the organisms or objects under study� It 
assumes a divergent model of evolution, through which two new species generally descend from 
a common ancestor (cladogenesis)� The principle of divergence explains why phylogenies are 
hierarchical, in the same way as the Linnaean model� The traits that enable the reconstruction of 
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the phylogenies of species and more inclusive groups must be reduced to those that display specific 
evidence of ancestor-descendent relationships� It is thus argued that not all traits may be necessary in 
the construction of classifications�

For this reason, an initial distinction is made between analogous and homologous characters (Figure 
4)� The first are characters that display the same state in different species when there is no evidence 
of genealogy between them� For instance, the cases that respond to parallelisms and evolutionary 
convergences� Homologous characters, in contrast, are those shared by two phylogenetically related 
species (ancestor-descendent relationships)� In this case, the two species share the homologous 
character because they descend from a same common ancestor that already possessed that character� It 
is, however, possible that many other species exist between the common ancestor and the two species 
under study� Were this to be the case, the homologous trait may possibly be of use at an even higher 
inclusive level (family, genus) but may not be at all useful for distinctions on a smaller scale, since it 
would presumably be present in many different species� For this purpose, homologous characters can 
further be defined as ancestral and derived� The former correspond to the technical term plesiomorphy 
and the latter to the term apomorphy� That an attribute is considered as plesiomorphic or apomorphic 
depends on the level of inclusion (in terms of taxa) of the analysis itself� An ancestral homologous 
character, that illustrates didactically the issue, may be the presence of a vertebral column in the 
grouping between vertebrate animals or between mammals� Given that all species of vertebrates and 
mammals display a vertebral column, this trait would be of no use (a non-informative character)� A 
derived homologous character, in contrast, may be for example the presence of five fingers in the 
order of primates compared with other orders within a more inclusive analysis, or the emergence of 
knapped lithic industries among the genuses Homo and Australopithecus, or the presence of particular 
technical knowledge in only some human populations, as may have been the case, for instance, of 
ploughing techniques, the selection of seeds, sowing and clearing, the domestication and keeping of 
other animals, etc� during the process of Neolithisation�

Figure 4: Classification of characters in Phylogenetics, after (O’Brien and Lyman 2003, Figure 3.1.). 
Cladistics, in particular, only considers the apomorphic characters, specifically those known as 

synapomorphies (defined in the text).
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In order to fix a stable criterion (of epistemic value that eliminates ambiguities and subjectivity 
in the taking of practical decisions), with the intention of eliminating the relativism described 
above, cladists consider exclusively a single type of apomorphic homologous characters� This is the 
synapomorphy that gives its name to the character or trait that is shared by all of the sibling taxa 
of a given group and by its immediate ancestor but not with the second immediate ancestor (this 
relationship is called symplesiomorphy)� In contrast, autapomorphy, a second type of apomorphy, 
refers to a given character that is present in a taxon but not in its sibling taxa� In cladistics, only 
synapomorphies are used (in more accessible and known terms these are the shared derived traits or 
characters), thus constituting what are known as monophyletic groups (Figure 5)�

The selection between several possible phylogenetic hypotheses in cladistics is based in the 
principle of parsimony� Frequently in real case studies, the data provide several possible suggestions 
of phylogenetic relationships� In other words, a number of different graphical representations or 
cladograms  are obtained, that reflect different hypotheses of how the taxa under study (based on the 
traits taken into account) relate genealogically to one another� Parsimony is used in the theory and 
methods of many scientific areas due to its high epistemic value� Faced with the uncertainty of any 
phenomenon, a simple process that explains the same is favoured over a complex process� In other 
words, when faced with several different viable explanations for a single process or phenomenon, 
the simplest or easiest will be selected because it is the most probable� Parsimony is based on the 
assumption that evolution always operates along the shortest path� This principle is also known as the 
principle of simplicity and is repeatedly referred to as Ockham’s knife (after the 16th century English 
Franciscan friar William of Ockham) (Hutchinson 1981: 16)� Thus, faced with the different cladistic 
hypotheses, the model that requires the least evolutionary changes will be selected� On the principle 
of parsimony in phylogenetics see (Panchen 1982; Friday 1982; Felsenstein 1978, 1979, 1983c; 
Sober 1983, 1988; Maddison, Donogue and Maddison 1984; Farris 1983; Swofford and Maddison 
1987; cited in Mayr and Ashlock 1991: 216)�

It is also important to mention here Hennig’s auxiliary principle, according to which a convergent or 
parallel evolution must not be assumed a priori; rather in the absence of contrary evidence one must 
assume homology (Brooks and McLennan 1991: 35)�

Cladistics is also the object of several objections� Firstly, and in relation to the above, the epistemic 
criteria of parsimony is insufficient for some phylogenists of evolutionary taxonomy (these generally 
base their approaches on maximum likelihood)� Basically they argue that not all phenomena can 
be guided and therefore explained by parsimony; they argue that parsimony is too simple, since it 
assumes an implicit model that may not necessarily correspond to all of the data (and processes) 
(e�g� Felsenstein 1982: 388; 1988: 535)� However, its defenders underline that this criterion certainly 
guarantees objectivity in the analyses and decision taking, thus providing a very strong heuristic 
and methodological instrument (e�g� Farris 1983; 1986; Goloboff 2003), particularly given that the 
confluence of the principle of parsimony with systematic phylogenetics is compatible with popperian 
philosophy (Popper 1959; 1963), that is that it possesses the scientific qualities of falsafiability, 
refutability, and testability (Wiley 1975)�

Secondly, because systematic phylogenetics assumes the divergent model of cladogenic evolution, 
it ignores directly anagenesis or the phyletic evolutionary model� Some criticisms underline this 
supposed undervaluation of anagenesis� However, even if the existence of an anagenetic evolution 
were to be accepted as a linear evolution in which a species derives into a single other species, 
why should we not consider these as the same species? Or rather what makes us think that we are 
dealing with two species? Moreover, even if this duality is maintained, there is currently no criteria 
to establish the end and beginning of one and another species (clear cut criteria of separation)�

Deriving from this, the cladistic model is criticized for the rigidity of its tree-like structure, which 
undervalues anagenesis and hybridization� This is related to the problem of homoplasy that can take 
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one of three forms: parallelism, 
evolutionary convergence and 
the reversion of states in the 
characters�

Though often implicit in some of 
these situations, it is necessary to 
separate in practical terms a fourth 
case: the horizontal transmission 
of information between sibling 
taxa and coexisting species� This 
final objection is identified as 
problematic in the construction of 
phylogenetic trees, thus implying 
some methodological flaws such 
as, for example, the impossibility 
to estimate descendent taxa 
by the hybridization of two 
previous taxa� However, the 
undervaluation of the processes of 
anagenesis and hybridation was 
tackled a long time ago by some 
cladists through the calculation of 
Wagner trees and the construction 
of networks (Kluge and Farris 
1969; Farris 1970)� Recently, 
mixed approaches are emerging 
that use network methods and 
other graphs of distances (split 
decomposition), along with 
phylogenetic trees, in order to 
solve some of the problems 
posed by homoplasy, horizontal 
transmission and more technically 
polytomies  at internodes (Bryant 
and Moulton 2002; Jobling et al� 
2004; Makarenkov and Legendre 
2004; Bryant et al� 2005; Huson 
and Bryant 2006)�

Thirdly, the cladistic orthodoxy 
is often criticized because it 
considers only monophyletic 
groups and rejects paraphyletic 
groups (groups that include 
symplesiomorphies and/or 

Figure 5: (a) Types of taxonomical groups, after (Kitching et al. 
1998, Figure 1.8); and (b) types of characters considered in the 
construction of each of one, after (Kitching et al. 1998, Figure 1.10). 
Figure elaborated after (Kitching et al. 1998, Figures 1.8 and 1.10.).

autapomorphies) (Figure 5)� However, the cladists ask why evolutionary taxonomy generally rejects 
polyphyletic groups and not the paraphyletic groups, when there is no philosophical criteria that 
serves to differentiate between the two� They conclude that the choice of taxa in paraphyletic groups 
is arbitrary, subjective and idealistic (Ridley 1996: 388 and ff�)�

Finally, some more purely technical criticisms argue over the problem of the long branch attraction, 
and over the deficiency in the consideration of the different evolutionary rhythms in different 
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phylogenetic branches or lineages� The problem of the long branch attraction is a statistical 
complication in the algorithms used in the methods of parsimony� Occasionally, when some lineages 
evolve rapidly, parsimony infers a narrow relationship between them, despite the contradiction with 
their true evolutionary relationships, thus in sort converting a degree of homoplasy into synapomorphy 
(Felsenstein 2004; Bergsten 2005)�

Evolutionary taxonomy

Evolutionary taxonomy consolidated a few years after systematic phylogenetics, although they 
developed in parallel� The central figure of this taxonomic tendency was certainly E� Mayr, who in 
1969 wrote the first version of Principles of Systematic Zoology� This perspective probably emerged as a 
critical and alternative response to cladistics, though it also takes into account the evolutionary postulates 
of change by modification in the descendents� The criticisms were based on the issues that we have dealt 
with as objections in the previous section� Other criticisms refer to the lack of ranking criteria in the 
establishing of taxa�

With the intention to eradicate the supposed flaws of cladistics, this new perspective was put forward, based 
on two fundamental pillars: similarity and phylogeny� Effectively, each of these, respectively, constitutes 
the principle and exclusive basis of each of the two taxonomical schools presented above� Thus, what 
Evolutionary taxonomy aims to do is to unite both perspectives under a single approach to classification: 

A biological classification is the ordered grouping of organisms according to their similarities and 
consistent with their inferred descent… It is thus evident that there are two independent sets of criteria 
responsible for the grouping –similarity and sameness of causation (lines of descent)- on the basis of 
which organisms can be assembled into taxa� (Mayr and Ashlock 1991: 115)�

Evolutionary taxonomists generally carry out their classifications in two steps� First, they establish the 
similarity between classes, and then these are tested in relation to monophyly, discarding the species that 
are not formed in this way (Mayr and Ashlock 1991: 130)� As mentioned above, Evolutionary taxonomy 
takes into account the paraphyletic groups (Figure 5) which, we insist, possess homologous characters, 
both shared derived and ancestral, and in which we may find for example those groups or clades that 
include some but not all of the descendents from a common ancestor� As we also mentioned above, this 
approach requires ranking criteria that enable the delimitation of the ranks of the groups� For example, 
it takes into account the degree of difference between the groups, the size of the gap  between them (the 
taxonomic gap), the evolutionary role in terms of the adaptation of ecosystems, the size of the taxon itself, 
the stability and the rhythms of evolution, etc� (Mayr and Ashlock 1991: 266)�

Evolutionary taxonomy has recently undergone the important statistical development of its methods, thus 
it could be renamed numerical evolutionary taxonomy� The graphical representations used are known as 
phylograms� These phylogenetic dendrograms also reflect the length and angle of the internodes, thus 
expressing for instance the different ratios of evolution� A fundamental point is that evolutionary taxonomy 
is not restricted to the criteria of parsimony� The increase in the use of statistics in its phylogenetic 
approaches has led it to use maximum likelihood, thus introducing the theorem of probabilities of Bayes 
(e�g� Lewis 2001; Holder and Lewis 2003; Ronquist 2004)� These new phylogenetic methodologies have 
become known as comparative phylogenetic methods and are recently being applied to cultural evolution 
also (Felsenstein 1978; Mace and Pagel 1994; Borgerhoff 2001)�

The phylogenetic method with the principle of maximum likelihood requires an explicit model of the 
evolution of the characters (parameters), thus calculating the likelihood of each state in each position 
(probability of the data in function of the preestablished model) and selecting, finally, the phylogenetic tree 
with the highest total score of likelihood� The Bayesian method is based on these principles of maximum 
likelihood� Effectively, it uses explicit models of evolution and all the information contained in the data� 
This basic predesigned model constitutes a hypothesis to be tested and later improved� A calculation of the 
probabilities is made before integrating all of the parameters, and a sample of trees is created by means 
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of the algorithm of the Markov Chains of Monte Carlo (MCMC)� This statistically significant selective 
sample provides the basic properties which can enable the construction of a solution of consensus�

The defenders of this taxonomical school underline some of its advantages� They highlight that its 
applications use and, moreover, accumulate scientific knowledge, in the sense that the basic approach 
outlined above may be repeated on the basis of the hypothesis that is being polished� Thus, these taxonomists 
note that these methods may improve the current models and be applied to other more complex models, 
with the subsequent comparison between all of them� Moreover, they argue that these methods enable 
the assessment of the residual uncertainty of the results obtained by parsimony� The consideration of 
more complex and explicit models of evolution enables the followers of this approach to explore quite a 
scope of evolutionary processes, some of which were supposedly excluded by the cladistic procedure� For 
instance, the direction and the order of the evolutionary changes, the ratios of evolution, the correlation 
between traits (due to processes of coevolution), the estimation of the states of the ancestral characters and 
the nature itself of the evolutionary process�

However, this taxonomical school also raises a series of objections� First, some researchers directly reject 
the criteria of similarity for the purpose of classification, even when an attempt is made to align it with 
the phylogenetic criteria� It must be noted that this perspective is problematic since the two main aspects 
under study, the model of descendence and the degree of divergence, do not always follow the same 
models and rhythms (Eldredge and Gould 1972; Gould and Eldredge 1993)� It is thus very difficult, 
if not impossible, to incorporate simultaneously the relative time of the division of the lineage and the 
rhythm of change since its divergence (Brown and Lomolino 1998; cited in O’Brien and Lyman 2003a: 
16)� The theoretical entanglement of this approach, as the result of the obliged confluence of the criteria 
of similarity based on distances and the cladistic criteria based on inheritance, is also often stressed� This 
combination creates such degree of ambiguity and theoretical and methodological subjectivity (in ad hoc 
decisions lacking any stable criteria) that for many phylogenetic taxonomists, this approach is directly 
incorrect, ontologically, and therefore useless in practice� E� Mayr himself acknowledged that there is no 
proven method to consider simultaneously similarity and genealogy (Mayr and Ashlock 1991: 122)� Some 
other specific objections have centered on the ranking criteria (Wiley 1981: 240-269)�

Finally, a further objection concerns, in some way, the general question of the ontological and operational 
relationship between patterns and processes, specifically the problem of ancestral species� This perspective 
assumes the statistical search for specific realities of study� The approach departs from the basis that the 
phenomenon or process (the portion of historical reality under study) may be traced and reconstructed 
through the continuous perfectioning of models� It must be noted that the assumption of the reliable 
reconstruction of such a reality has serious consequences� If one aims to reconstruct a evolutionary 
phenomenon or process exactly as is was (in the phylogenetic sense), one must rely obligatorily on the 
ancestral species� In contrast to cladistics, which uses patterns to explain processes, this approach cannot 
exist without real ancestors (O’Brien and Lyman 2005: 105)� It is hard to believe that one day we will 
possess in the paleontological and archaeological records sufficient data on all of the taxa that ever existed�

The key debate of patterns and procesess, which took placed in organic evolution several years ago (e�g� 
Stanley 1979), has recently begun to be addressed in cultural evolution (e�g� Shennan 2009)�

Discussion

The Table 1a illustrate the main differences between the three schools of classification in terms of 
the types of characters used and the construction of groups� Polyphyletic groups are established 
by phenetics, using indiscriminately all types of characters� And as presented above, monophyletic 
groups characterise cladistics, while monophyletic and polyphyletic groups are used in evolutionary 
taxonomy�

The Table 1b compares specifically cladistics and evolutionary taxonomy, after E� Mayr and P�D� 
Ashlock (1991, Table 10�1)� With regards to the classification, it may be appreciated how cladistics use 
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exclusively the existence of monophyly (also called holophyly by other authors), while evolutionary 
taxonomy also takes into account the number of shared characters� The rank of the taxa in cladistics 
is categorical, monophyletic groups evidenced by one or more shared derived characters, while it is 
relative in the other approach� This leads to the consideration by the former of only the processes of 
bifurcation or division between taxa, while the second also considers the degree of divergence�

Since the bulk of the objections to both schools has been developed at the end of each section, 
with the inclusion of some references that answer defensively some issues, we shall not insist on 
these again� Moreover, it is not our intention to confront the different schools, especially cladistics 

Table 1: (a) Differences between the three taxonomic schools with respect to the types of characters 
used and the types of groups created; and (b) Explicit comparison between Cladistics and Evolutionary 

taxonomy. Figure elaborated after (Ridley 1996, Table 14.1 and Mayr and Ashlock 1991, Table 10.1).
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and evolutionary taxonomy� These constitute, in a way, two different perceptions and procedures of 
study, concerned with different purposes� Thus it is important to mention a very insightful quote in 
this sense, that we should take on board before facing the taxonomic task:… evolutionary taxonomy 
and cladistics offer different ways of looking at the world� The former addresses both pattern and 
process –it tracks “genealogical actors in ecological roles” (Hull 1987: 44)- whereas the latter, strictly 
speaking, addresses pattern only (process comes from the theory chosen to explain the pattern; 
typically the theory is Darwinian evolution)� (O’Brien and Lyman 2003a: 96)�

Thus closing this discussion here, what we shall indicate hereon are some theoretical bibliographic 
references that may be consulted on the subject� Papers on cladistics are numerous, but the following 
(as well as the references cited throughout the text) are perhaps the most relevant, not only to find 
further details on this approach but also to understand the discussion outlined above between the 
two schools (Wiley 1975; 1981; Platnick 1985; Eldredge and Cracraft 1980; Duncan and Stuessy 
1985; Forey et al� 1992; Kitching et al� 1998; Goloboff 2003)� Texts on evolutionary taxonomy are 
also abundant in which the reader may find further critiques of cladistics and thus compare between 
the two approaches (Ashlock 1979; Charing 1982; Felsenstein 2004; Hull 1979; Mayr and Ashlock 
1991; Sosef 1997)�

The three philosophies of classification all remain valid today, and the followers of one or the other 
vary quantitatively depending on the different areas of knowledge and on the consideration of the 
concept of Darwinian evolution held by each researcher� Each of the taxonomical schools displays 
different objections and differences with respect to the others� But given that much of this discussion 
is due mainly to the different philosophical basis of each approach, it is practically impossible to 
unite them under a global perspective� And effectively to discern which one is the most appropriate 
for any scientific purpose is almost impossible� It is however important to consider seriously the 
theory of classification, since it has important implications for the results of our archaeological and 
anthropological approaches�
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Abstract

This work explores the study of evolutionary patterns in technology by means of methodological tools derived 
from multivariate analysis and cladistic tree reconstruction methods� In this regard, the way in which the 
change in diversity of stone tools can be explained from the interaction of three dimensions: space, environ-
ment, and history, is looked into� Making use of a study case from the Patagonian coast, an explanatory model 
is generated that allows the role of each of these dimensions to be evaluated�

KEYWORDS: CLADISTICS, MULTIPLE FACTOR ANALYSIS, TECHNOLOGICAL EVOLUTION

Resumen

Este trabajo explora el estudio de patrones evolutivos en la tecnología a través de herramientas metodológicas 
derivadas de la estadística multivariada y de la cladística� Al respecto, se plantea de qué manera el cambio en 
la diversidad del instrumental lítico puede explicarse a partir de la interacción de tres dimensiones: espacio, 
ambiente e historia� Empleando un caso de estudio de la costa patagónica, se genera un modelo explicativo que 
permite evaluar el rol de cada una de estas dimensiones�

PALABRAS CLAVE: CLADÍSTICA, ANÁLISIS FACTORIAL MÚLTIPLE� EVOLUCIÓN TECNOLÓGICA

Introduction: Environment and technology

Studies on the relationship between the technology of hunter-gatherer groups and the environment 
go back to Oswalt (1973, 1976)� This author proposes that technological complexity (measured 
according to elements composing an artifact or technounit) shows a relationship with the type of 
adaptation among human groups� Thus, those groups dependent on mobile resources (and in which 
the risk of loss is expected to be greater, see Torrence 1989) would possess more complex tools 
than those that depend on resources with less risk of loss� On a global scale and referring to hunter-
gatherer societies such as the author studies, this would explain the greater complexity observed in 
the hunting tools of human groups depending mainly on marine resources (Oswalt 1976)� Torrence 
(1983, 1989) later related this same phenomenon to the risk of losing resources, showing a non-
random relationship on a latitudinal scale, considering the latitudinal increase as a risk proxy, as it 
involves environments with a lower effective temperature, a shorter growing season and, therefore, 
greater dependence on mobile resources�

After this (Collard et al� 2005) retested the relationship proposed by Torrence on risk and technology, 
once more using Oswalt’s data, but bringing into play three different hypotheses initially suggested 
by other researchers as regards residential mobility (Shott  1986), demography (Shennan 2000; v� 
also Henrich 20004, 2006; Kline and Boyd 2010)� The results showed that environmental variability, 
used as a risk proxy, would be the variable that best explains the technological diversity among 
the groups that were studied� Still, on exploring this hypothesis again by means of a more limited 
collection of ethnographic data from the northwestern coast (Collard et al� 2011); they observed no 
statistically significant relationship� On the basis of these results the authors posit that this is related 
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to the low difference in risk between sectors (due to the spatial scale)� This last makes clear the 
importance of geographical distance in the study of variability�

In Argentine Patagonia, studies carried out on the archaeological record on different spatial scales 
show that on a macroscale (on a latitudinal level) it is possible to observe variations in the proportion 
of stone tools assemblages in almost continuous way along the coastal strip� These analyses suggest 
that space and environment are explanatory factors for the variability of artifacts� In other words, the 
toolkits tend to diverge from one another as the distance between samples increases, a differentiation 
that grows if that distance additionally involves environmental variations�

A similar phenomenon has been observed on smaller scales (Charlin et al 2012), between southern 
Patagonia and the north of Tierra del Fuego� In this particular case, however, the magnitude of 
the difference between the two sectors is greater than would be explainable by purely spatial or 
environmental factors (that explains about 10% of stone tool diversity)� This suggests other interacting 
mechanisms, such as the time of separation between human groups on one and the other side of the 
Magellan Strait�

From a comparative viewpoint, combining phylogenetic and spatial information Cardillo and Charlin 
(2012) observed indicators of spatial structuration in the morphological variation of middle-late 
Holocene projectile points� The observed pattern agrees with a model of isolation by distance, since 
the greater the spatial distance between samples the greater the morphological differentiation (Cardillo 
& Charlin 2011, 2012)� That is, the larger the separation is between groups, the more probable it is to 
observe a process of divergence, whereas neighboring groups will tend to show parallel trajectories 
related to the larger information flow between them (Borrowing processes between cultural units)� 
These results show the usefulness of a phylogenetic approximation combined with other statistical 
tools so as to incorporate the historical dimension in spatial and environmental analyses�

Figure 1. Location of samples pooled by latitude

In this work we are putting the usefulness 
of this comparative methodology in 
exploring the role of historical, spatial, 
and environmental dimensions in 
the variation of artifacts to the test� 
For this purpose we will attempt to 
articulate cladistic procedures (historical 
dimension) and those of multivariate 
statistics (spatial and environmental 
variables) using in an exploratory 
manner late Holocene stone tool samples 
from the Patagonian coast�

Study area

The Patagonian coast shows important 
environmental differences, due in part 
to its enormous extension, and the 
shape of the continent (Clapperton, 
1993)� The sector corresponding to 
the 40º-42º latitude strip is particularly 
notable for the high biodiversity of 
marine resources like fish and mollusks 
(Curtolo, 2004)� This supply will 
presumably have been the same in the 
past, and isotopic studies carried out on 
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human remains suggest marine resources made up an important part of human diets (Gómez Otero, 
2007; Favier Dubois et al�, 2009)� The importance of these resources is also seen in the shell deposits 
between 40º and 49º (Fig� 1), sometimes of great extension and density (Castro et al�, 2004; Favier 
Dubois et al�, 2006; Zubimendi, 2010), as well as in the presence of faunal resources such as fish 
(Gómez Otero, 2007; Scartascini et al�, 2009, 2010) and sea-lions (Moreno and Izeta 1999, Gómez 
Otero, 2007; Moreno, 2008; Borella et al�, 2006)� In the same way, tools related specifically to the 
acquisition of coastal resources, such as “skull-crushers” to kill sea-lions (Moreno et al�, 2000, 2008) 
and fish-net weights, have been recovered (Gómez Otero, 1995, 2007, Scartasini and Cardillo, 2009)�

As for terrestrial resources, isotopic and archaeofaunal evidence indicates that in the higher latitudes 
of southern Patagonia the role of mobile resources such as the guanaco was greater, whereas the 
others have been more complementary (Barberena, 2002, 2008; Borrero et al�,2009)� This could 
be connected, as mentioned, to the environmental characteristics of this area� In this regard, it is 
important to point out that the southernmost extreme is included in the area of greatest livestock 
production as, due to the humidity and availability of pastures, it supports an important secondary 
biomass (PNUD, 85/019 1990, Oliva et al�, 2001)� For this reason, and if the climatic conditions held 
out, this region could have supported larger herbivorous populations in the past�

In relation to available chronology, this spans the whole of the Mid-Late Holocene� In the 40° latitude 
sector datings have been obtained that go from 6000 to 450 years C14 B�P� (Favier Dubois et al�, 
2008)� Radiocarbon dates from the Mid-Holocene were also obtained at latitude 47º (Castro and 
Moreno, 1996-1997; Castro et al�, 2007), though the majority belongs to 2000-3000 years C14 B�P� 
In a like manner, almost all assemblages from latitudes 50º, 51º, and 52º belong to the last 2000 years 
C14 B�P, with radiocarbon chronologies later than around 1000 years B�P� being far less frequent 
(Borrero and Franco, 2002, 2007; L´Hereaux and Franco 2002; Mansur et al�, 2004, 2007, Franco, 
2008; Muñoz, et al 2009, among others)� In this work we will take the recent Mid-Late Holocene 
as a single time-block, assuming there are no significant differences in diversity that might affect 
samples, considered as time-averaged during this time-span�

The area under study covers some 1300 km of coastline, from the 40° south latitude at the northern 
shore of the San Matías Gulf, province of Río Negro, down to 52° south latitude, province of Santa 
Cruz, Argentina� Within this area three great eco-regions can be discriminated according to Bailey 
(1989)� The northern region corresponding to the limit between tropical/subtropical steppe and that 
included between 41° to 50° southern latitude, which is in the temperate desert� This last sector 
is on the limit with the temperate steppe� The area between parallels 49°-51° has a climate of the 
arid Patagonian type, whereas the extreme southern sector (52°) is within the subhumid Magellanic 
climatic strip� The difference in mean annual temperature between both extremes is some seven 
degrees less at the southern end of Patagonia (the mean oscilates between 14�2 ºC at 40º and 5�4 ºC at 
52º) (Fig� 1)� Of these three eco-regions, the northern sector of North Patagonia (40º) has the greatest 
plant biomass, including different ligneous and herbaceous species, as well as more abundant annual 
rainfall (the mean is some 319�3 mm in the north, and 138 mm in the south SMN, PNUD report, 
85/019 1990)� This primary biomass decreases towards the higher latitudes, although the temperate 
steppe eco-region has a greater relative humidity than that of the temperate desert (between 41° and 
50° latitude)� It is therefore expected that the differences observed in temperature, vegetation, and 
humidity, etc� will have affected human strategies of exploitation in those areas, being a selective 
factor as was proposed by Rindos (1989)�

Materials and Methods

The sample is composed of 1914 tools distributed between nine assemblages used in the statistical 
analyses� These assemblages pooling the information generated by different researchers all along 
the Patagonian coast (latitude 40º, 41º, 52º Caracotche et al�, 2005; 50º Cardillo, 2009; Franco et al�, 
2010; 42º Gómez Otero et al�, 1999; 46º and 47º Zubimendi, 2010; 49º Lanata et al�, 2004; Frank and 
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Skarbun, 2009; 51º Ercolano and Carballo Marina, 2005)� Thus the data used is derived both from 
personal research as well as data obtained in the mentioned publications�

Each of these assemblages, however, is different in size, the smallest being the sample from parallel 
41°, with 26 cases, and the largest that of 47° with 731 tools, the average being 120 tools per 
assemblage� These samples represent the sum of more than one surface sampling (belonging to high 
or low density loci, obtained by means of systematic quadrants and transects), but only those sampled 
systematically, and with the same typological criterion of classification, were selected (i�e�, following 
Aschero, 1975, 1983)� Information on type-richness was obtained from tables of absolute frequency, 
which was then made use of to turn the data into proportions� During the initial handling of obtained 
information, those publications in which the sampling criteria were not made clear were left aside� 
A preliminary quantification and descriptive statistics were carried out, from which types present in 
just a single assemblage or represented in low proportion (less than 1%) were eliminated (see Fig�9 
and Table 3 in the appendix)�

As we know the simplest way to measure diversity is to count artifact types (richness)� This 
measurement, though informative and easy to interpret, is usually related to the size of the sample 
(Kintigh, 1989; Hiscock, 2001)� Thus, it can be expected that the larger the samples, the greater the 
probability of observing new classes, especially those of relatively low abundance, as Hiscock points 
out (2001)� In order to compare samples of different size we transformed raw data into proportions 
for each tool class� Those tools more frequent in each sample will possess a value closer to one, and 
the less common ones, to 0�

This matrix of proportions was employed in phylogenetic analyses in which each latitude is regarded 
as a hypothetical taxonomic unit (HTU) described according to the proportion of tools�

Environmental data

With regard to environmental information, four variables registered for each of the samples were used: 
the mean annual temperature, annual rainfall (from Servicio Meteorológico Nacional database) in 
addition to measurements derived from these variables such as the growing season and maximum and 
minimum expected biomass (from Binford, 2001)� For the Late Holocene, the palaeoenvironmental 
evidence suggests that the environment attained analogous values to the present (Mayr et al�, 2007), 
so that the use of these proxies is considered to be suitable for the present purposes� In any case, 
given the observed correlation in Patagonia between latitude, environmental and ecological variables 
(Clapperton, 1993) it can be expected that with more detailed palaeoenvironmental evidence, this 
analysis may be applied to other moments of the Pleistocene-Holocene� 

These variables allow a general description of some of the main environmental properties along the 
Patagonian coast and have been used as predictors� Yet it is to be expected that these environmental 
variables should be correlated with each other, especially in the case of estimations like biomass, or 
the duration of the growth period, which are affected by multiple factors, such as temperature and 
rainfall, as well as a temperature gradient from northern to southern Patagonia� In order to avoid 
correlation, a PCA was carried out to obtain new orthogonal predictors that might explain the general 
tendency of environmental change along the space in a non-redundant way (see Fig� 10 and Table 4 
in the appendix)�

Spatial analysis

It was to be expected that the distance between the sampled sets, the space, should play a central role 
in the patterns so observed� Sectors closer to each other share similar environmental and geographical 
conditions, so the spatial component may play an important role in the structuration of archaeological 
variability� To give an account of spatial variability on different scales and its relationship with the 
environment, eigenvector-based filtering, or spatial eigenvector mapping (SEVM) (Dormann, et al; 
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2007) was used� SEVM extracts eigenvectors 
from distance matrices, created in this particular 
case from Cartesian coordinates (decimal degrees) 
obtained for each sample under study� The 
method implemented here performs a principal 
coordinate analysis of a connectivity matrix, so 
that eigenvectors obtained by the analysis express 
the relationships between samples at different 
spatial scales, Boccard and Legendre (2002), 
Diniz-Filho and Bini (2005) and Griffith and 
Peres-Neto (2006)� These eigenvectors can be 
further used as predictors to take into account the 
effect of spatial structuration while minimizing 
autocorrelation in the residuals� Level of 
autocorrelation is measured by Moran’s I spatial 
autocorrelation index, commonly employed in 
geography and ecology (Legendre and Legendre, 
1998)� The SEVM effectiveness to model the 
species-environment relationship across space in 
ecology was shown by Dormann et al (2007) and 
by Diniz-Filho et al (2009) in genetics, among 
others� SEVM analysis was performed with 
SAM 4�0 software (Rangel, et al�; 2010)� 

Cladistic analysis

Phylogenetic analysis has proved to be a powerful 
tool in the study of evolutionary trajectories 
of cultural traits (O’Brien and  Lyman  2003, 
O’Brien et al� 2005)� The basic supposition 
behind the application of these methods is that 
culture is an inheritance system similar to the 

Figure 2. Two first spatial vectors obtained from 
spatial coordinates

genetic one observed in biology� In this case copying and the different learning processes enable 
transgenerational information transfer (Guglielmino et al� 1995, Boyd et al� 1997)� Experimental 
and observational studies indicate that in general terms this system would be sufficiently reliable 
in maintaining culturally inherited information despite replicative error and horizontal information 
transmission among individuals and groups (or cultural borrowing, see discussion in Boyd et al� 
1997, Muscio 2010)�

Therefore, if culture amounts to a more or less coherent inheritance system it is possible to utilize 
phylogenetic reconstruction to map the trajectories of change, appearance, or extinction of cultural 
features (Boyd et al 2007)� Regarding its application to archaeological data it has been shown that 
cladistics allows different processes of cultural change to be modeled, such as cultural diversification 
(Cardillo 2009, Tehrani & Collard 2002, Collard 2006a,b ; Matthews et al� 2011), parallelism, 
convergence (Collard et al 2006a, b; Temkin & Eldredge 2007; Prentiss 2011, between others) or 
the role of independent innovation and borrowing in shaping historical patterns to be evaluated (see 
discussion in Muscio 2010)� 

For this analysis, each assemblage was taken as an evolutionary unit or HTU (Hypothetical taxonomic 
unit), while the proportion of tools found in each was used as cladistic characters� We consider that 
the proportions of stone tools are valid characters, as their frequency in each assemblage represents 
the average abundance through time of their production and discarding� Preference for one or more 
artifact classes, their combination within a toolkit, and their change along time are considered 
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evolutionary change (following Rindos 1989)� On the other hand, tool classes can be relatively stable 
features throughout time and space as they possess sufficient integrity to be used as valid characters 
(see Dunnell 1971 for discussion)� This is our hypothesis of primary homology, which will later 
be tested during cladistic analysis� It can be expected that, if the proportions of tools are characters 
that carry phylogenetic information, the change thereof will represent shared evolutionary novelties 
(synapomorphies) among the individuals making up the group� This becomes the empirical proof of 
the coherence of those, or secondary homology� Those more robust trees are the ones containing the 
greatest number of synapomorphies� Instead, if these characters vary at random, or being repeated 
in different groups, they are considered homoplasic� More specifically, homoplasy results from 
the convergence (independent evolution towards the same combination of characters), reversion 
or parallelism� Identifying the type of homoplasy in tools also has important information on the 
evolutionary dynamic and can be modeled by means of different methods (like reticulation analysis, 
see Gould 2002, Temkin & Eldredge 2007, Prentiss 2011)�  

The phylogenetic signal in a tree can be measured by different procedures� Two common quantitative 
measures of character fit are the consistency and retention indices, which measure the quantity of 
synapomorphies related to the number of character changes, both having a value that varies between 
0 and 1� The CI approaches 1 when no reversions or parallelisms of characters take place, whereas 
the retention index takes into account the number of changes for each character in relation to the 
total number of steps� If no homoplasy is observed, this index is 1� Also, the bootstrap support was 
estimated, (n=1000 pseudo-replication) where branches with a support under 50% were collapsed 
and are represented as polytomies� The character matrix was run via the program TNT (Goloboff et 
al� 2003)�

Later the optimal tree obtained was used to calculate distance matrix (Fig� 3) from the number of 
nodes between all possible pairs of HTU� The greater the separation between clades, the more nodes 
there will be between them� This distance matrix was used in an analysis of principal coordinates 
(PCO) to obtain new orthogonal variables representing the relationships of descent of the HTU in 
terms of Euclidian distances� Thus the first PCOs represent the general pattern of diversification, the 
subsequent ones, relations on a smaller scale (Peres-Neto 2006)

Multiple Factorial Analyses

Multifactorial analysis (MFA) is a PCA (in the case of continuous variables) is an analysis of 
correspondence for qualitative variables (Pagés 2002)� This analysis starts out by reducing each of 
these matrices on its own, retaining the variables that explain a significant portion of the variance, 
so as to later carry out a global analysis� In each case new weights are assigned to each group of 
variables (the weight is the first eigenvalue for the PCA of each group) (Pagés 2002)� Thus, the 
maximum axial inertia of each group of variables is equal to 1 (Pagés 2002)� As Lê et al (2008, pp 
11) observed “…If all the sets of variables are introduced as active elements, without balancing 
their influence, a single set can contribute quite by itself to the construction of the first axes� In this 
manner the influence of the groups of variables in the global analysis is balanced and the structure 
of each group is respected”� This analysis is correlative because it excludes any hypothesis of causal 
influence of a data set on another (Borcard et al� 2011)� As in common PCA, the correlation between 
original variables and new axes can be graphically or numerically represented� Also, the similarity 
between the geometrical representations derived from each group of variables is measured by the 
RV coefficient, which varies between 0 and 1� In this case, p-values are obtained by permutations 
following the procedure suggested by Borcard and co-authors (2011)

Multivariate multiple regression and hypothesis testing

Finally an explanatory model of phylogenetic variance was proposed, making use of all spatial and 
environmental variables employed in multifactorial analysis (the three components of phylogenetic 
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variance, and the two spatial and environmental ones)� Space and environment were treated as 
independent variables, whereas the three phylogenetic vectors were the dependent ones� In order to 
adjust the multiple regression model, canonical redundancy analysis was used (Legendre & Legendre 
1998)� This method, by means of multiple regression, seeks to correlate as closely as possible the 
main components obtained from the original matrix with the independent variables� In this way the 
aim is to maximize the variance explained by the latter (in our case, the latitude) from the linear 
combination of dependent variables (phylogenetic vectors), (see Legendre & Legendre 1998)� A 
conditional step by step regression model was used� In this case the optimal model was the one 
that would maximize the explained variance (measured by means of R2  statistics), with the lowest 
possible p value� The null hypothesis for the regression model affirms that neither environment nor 
space explain a significant proportion of the branching pattern described by the phylogenetic tree� 
The Goodness of fit was estimated by means of ordinary R2 and adjusted R2� The latter takes into 
account the number of degrees of freedom and is preferable to simple R2 in the context of multivariate 
multiple regression (see Borcard et al� 2011)

Statistical analyses were done with the program R� version 2�15�0 (R developed core team 2005)� 

Analysis 

Results of the cladistic analysis (Fig� 4, 5) suggest a low phylogenetic signal, the values of the 
consistence index being 0�59 and that of retention 0�50� This consistency index shows somewhat less 
than half the changes (41%) in the proportion of tools are homoplasic� Values of RI are similar and 
point to a relatively high frequency (double the optimal) of steps in the evolution of the characters�

These low values coincide with the average bootstrap support obtained (32%) in which all branches 
with less than 50% support are shown as collapsed� Results indicate a relatively high proportion 
of homoplasy, whereas the observed geographical order suggests that the branching pattern can be 
explained by geographical or environmental factors (see below)�

The most parsimonious tree (only one tree was obtained) was then used to obtain distances between 
terminal HTUs (tips)� These distances were later employed in a PCO to get orthogonal numeric 
vectors that would describe the principal variation axes of the tree� The three first dimensions of 
PCO explain 86% of the total variation and capture the general grouping pattern observed in the tree 
(Fig� 6)�

Multifactorial analysis, which permits the relationship among the three groups of analysed variables 
to be considered, shows that the first two axes explain 84% of the total variance in the proportion 
of artifacts (Fig� 7, 8)� In the figure (7) it can be seen that the positive values of the first dimension 
are explained mainly by the spatial correlation and the environmental variables (which would affect 
middle and low latitudes to a greater degree) whereas high latitudes would be better explained by the 
first two phylogenetic vectors (Fig� 7)� 

On observing the contribution of each variable to the total variance (Table 1), it can be seen that the 
greatest variation is explained by the first spatial filter (34�45%), the third phylogenetic one (26�80%) 
and the first environmental (34�22%)� 

In the same way, these three groups of variables are significantly correlated (Table 2), which suggests 
that the descent and diversification pattern observed in the phylogeny is statistically related with the 
spatial distance and the environmental variables�

Finally a multivariate regression model was generated in order to explain the relationship of the 
phylogenetic vectors with the environment and space� The optimal model is the one combining EF1 
and the second Pcamb2 (F=4�461, p=0�01) with an explained variance of R2 0�60 (60%) and adjusted 
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Figure 3 Three-stage methodological scheme. Gathering data, generating spatial end 
environmental correlation matrices, and phylogenetic distance

Figure 4. A more parsimonious tree. Synapomorphies 
of the nodes are mapped with bootstrap support 
above 50%. 1 denticulate, 9 rabot, 13 side scraper, 
3 retouched flakes, 6 anvil.

R2 of 0�45%� Of this, 28% is explained by the 
spatial distance and the remaining 21% by the 
environment�

Discussion and conclusions

The combined use of spatial, environmental, 
and phylogenetic vectors make account for the 
observed variability in the proportion of stone 
tools along the latitudinal axis� On the one hand 
the three measurements of tree support suggest a 
considerable level of homoplasy in the characters, 
the exception being the most separated latitudinal 
groups that conforms well supported clades� 
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Figure 5. Bootstrap tree. Branches with 
less than 50% have been collapsed

Figure 6. Three first main coordinates selected for factorial analysis (87%) 
derived from the node-to-node distance matrix

Table 1. Relative contribution to each variable to 
first five dimensions of multifactorial analysis. EF 
spatial filters, PCO Principal Coordinates of distance 
matrix between nodes. PC Principal Components of 

environmental variables

Table 2. Correlation between the three groups of 
variables. PhyVs phylogenetic variables summarized 
in the first three PCO axes, AmbV Ambiental variables 

of the two first Principal Component Analysis
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The level of homoplasy suggests on the one hand that the proportion of tools do not carry a good 
phylogenetic signal (see discussion in Barrientos, in this volume)� We believe that the correlation 
observed between phylogenetic vectors, and environmental and spatial variables suggest that the 
pattern of grouping is structured by the environment as much as by the spatial dimension considered� 
The results of multiple regression analysis support this hypothesis, and suggesting that at least 
the 45% of the phylogenetic variability is explained by the combination of the broad spatial scale 
(latitudinal gradient of the first spatial filter) and the environmental variability of the second PCamb�

If the synapomorphies of the better resolved sections of the tree are taken into into account, it is 
possible to consider that the greater proportion of side-scrapers is an inherited average in the clades 
of the higher latitudes and denticulates of the lower ones� Both would be aspects that 

evolved independently in these two areas, a pattern that would be indistinguishable on smaller scales� 
Also horizontal transmission related to spatial distance may explain paralellism in medium latitudes� 
Regarding the environment the second PCamb basically represented the differences of the Growing 
season and biomass between latitudes� In this sense, the stone tools proportion can have evolved 
as part of human adaptations to spaces with a low biomass and a short growing season (in high 
latitudes) and a greater biomass and lengthier growing season (in lower latitudes)

If the functional dimension of tools is the most important one, it is understandable that homoplasy 
in intermediate latitudes should be related to the fact that environmental differences in neighboring 
spaces are not sufficiently marked to show strong differences in local adaptations�

In consequence it is possible that the lack of resolution observed in intermediate latitudes (42º to 49º) 
can be related to the little spatial and environmental distance between assemblages� This last coincides 
with prior analyses carried out on these data (Cardillo 2011), which suggest the preponderance of a 
spatio-environmental gradient in the proportion of stone tools along the Patagonian coastline, more 
than breaks or discontinuities� Likewise, this pattern is congruent with what has been observed in 
projectile points in which the differentiation between high and low/medium latitudes of the coast is 
what possesses the greatest resolution, while the variability of intermediate latitudes mostly to be 
explained by spatial scale factors�

It is possible the results indicate that, though adaptive factors and horizontal transmission have been 
all-important, there exists a tendency towards divergence in technology on the broader spatial scale 
which is to be found in the proportion of certain types of tools�

This might be explored with characters that contain potentially greater phylogenetic information 
as could be expected with decorative features, and technical attributes related to production and 
resharpening of tools (see Barrientos, in this volume), rock art, etc�

Conclusions 

The results obtained suggest that the variability of artifacts can be explained by the interaction of 
environmental, spatial, or phylogenetic dimensions� Results indicate space and environment played 
an important role in the observed pattern of technological differentiation, at least on a broader scale� 
The incorporation of new lines of evidence as well as the building of more robust phylogenetic 
models will serve to contrast this hypothesis�
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Figure 7. Correlation circle between the variables and the first two MFA dimensions. EF spatial filters, PCO 
Principal Coordinates of distance matrix between nodes. PC Principal Components of environmental variables.

Figure 8. Partial individuals related to the first two coordinates of the multifactorial analysis. The 
length of the lines indicates the influence of each group of variables in the location of the cases.
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Appendix

Σ
f % f % f % f % f % f % f % f % f % f

Denticulate 23 13�9 3 11�5 1 0�8 3 2�7 34 4�7 0 0 9 3�5 0 0 10 3 84
Notch 25 15�2 0 0 0 0 3 2�7 10 1�4 0 0 4 1�6 0 0 1 0�3 43
Retouched Tools 65 39�4 9 34�6 24 20 10 8�8 98 13�4 18 34 37 14�5 0 0 79 23�8 340
Front Scraper 13 7�9 6 23�1 24 20 43 38�1 322 44 24 45�3 14 5�5 28 23�7 59 17�8 533
Unifacial Core-Flake tool 0 0 0 0 1 0�8 0 0 0 0 0 0 3 1�2 0 0 1 0�3 5
Anvil 0 0 0 0 4 3�3 0 0 0 0 0 0 3 1�2 3 2�5 1 0�3 11
Biface 0 0 0 0 10 8�3 2 1�8 46 6�3 0 0 12 4�7 0 0 1 0�3 72
Bola 1 0�6 0 0 3 2�5 1 0�9 0 0 0 0 1 0�4 2 1�7 5 1�5 13
Rabot 2 1�2 2 7�7 1 0�8 1 0�9 4 0�5 0 0 5 2 1 0�8 2 0�6 18
Preform 14 8�5 1 3�8 0 0 4 3�5 3 0�4 0 0 7 2�7 14 11�9 17 5�1 60
Burin 7 4�2 0 0 20 16�7 2 1�8 14 1�9 0 0 7 2�7 0 0 7 2�1 57
Chopper 1 0�6 0 0 0 0 0 0 8 1�1 0 0 4 1�6 0 0 3 0�9 16
Side Scraper 10 6�1 4 15�4 9 7�5 37 32�7 155 21�2 10 18�9 131 51�4 67 56�8 139 41�9 561
Hammer 4 2�4 0 0 12 10 1 0�9 3 0�4 1 1�9 7 2�7 0 0 2 0�6 30
Projectile Point 0 0 1 3�8 11 9�2 6 5�3 34 4�7 0 0 11 4�3 3 2�5 5 1�5 70
Σ 165 100 26 100 120 100 114 100 731 100 53 100 255 100 118 100 332 100 1914

49º 50º 51º 52º
Tool type 

40º 41º 42º  46º 47º

Table 3. Tool frequency and tool proportion by latitude

Fig 9: Most common tools in sample a) typical denticulate. B) typical front-scraper, c) big side-scraper 
with retouched bulb area to enhance handheld manipulation, most common in higher latitudes of the 

studied area
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Figure 9. First two dimensions  PC analysis results with environmental variables. AntTemp  annual 
mean temperature, Max Tem Annual mean maximun temperature, Min Temp Annual mean minimum 
temperature, AnPec Annual mean annual pricipitation, GS growing season, Bioml Lowest expected 

biomass, Biomh Highest expected biomass

Axis 1 Axis 2
AntTemp 0.9755 -0.149
MaxTem 0.949 -0.3028
MinTemp 0.9369 -0.2801

AnPec 0.6206 0.5479
GS 0.8202 -0.5395

Bioml 0.7436 0.5959
Biomh 0.8812 0.4025

Table 4. Correlation between first two PC axis and 
environmental variables. AntTemp  annual meand 
temperature, Max Tem Annual mean maximun 
temperature, Min Temp Annual mean minimum 
temperature , AnPec Annual mean annual pricipitation, 
GS growing season, Bioml Lowest expected biomass, 
Biomh Highest expected biomass.
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Abstract

Homology is a fundamental concept in historical sciences, i�e� those disciplinary fields aimed at explaining 
natural phenomena in terms of causes that operated in the deep past� In archaeology, the interest for homology 
recognition has notoriously increased in recent years under the influence of the evolutionary paradigm� In this 
field of inquiry, the prevailing approach to homology is one based on the cladistic methodology� As a conse-
quence, the homology concept lying behind most of the current phylogenetic studies on artifacts, including lith-
ics, is a narrow one almost exclusively based on the similarity criterion� The aim of this paper is to underscore 
the need to enlarge the framework for homology recognition and testing in evolutionary archaeology by adopt-
ing a developmental perspective, based on the study of ontogenetic trajectories of artifacts on an individual and 
population basis� It is argued that the success of such an approach is highly dependent on the acquisition of a 
detailed knowledge about the relative contribution, on morphological variation patterns, of factors controlling 
the ontogeny of artifactual phenotypes, i�e� developmental homeostasis (through canalization or developmental 
stability) vs� phenotypic plasticity� These and closely related issues, like the assessing and quantification of the 
relative contribution of informational and environmental factors to the constitution of artifactual phenotypes, 
should integrate an agenda for future work on this topic� 

KEYWORDS: HOMOLOGY, LITHIC ARTIFACTS, ONTOGENY, REPLICATIVE EXPERIMENTATION

Resumen

Homología es un concepto fundamental en las ciencias históricas, es decir, en aquellos campos disciplinarios 
orientados a explicar los fenómenos naturales en términos de causas que operaron en el pasado� En arque-
ología, el interés por el reconocimiento de las homologías se ha incrementado notoriamente en los últimos años 
bajo la influencia del paradigma evolutivo� En este campo de investigación, el enfoque predominante para el 
tratamiento de las homologías está basado en la aplicación de la metodología cladística� Como consecuencia 
de ello, el concepto de homología subyacente en la mayoría de los estudios filogenéticos actuales es un con-
cepto estrecho, casi exclusivamente basado sobre el criterio de similitud� El objetivo de este trabajo es poner 
de relieve la necesidad de ampliar el marco para la formulación y puesta a prueba de hipótesis de homología 
dentro del campo de la arqueología evolutiva mediante la adopción de una perspectiva basada en el estudio de 
las trayectorias ontogenéticas de los artefactos, tanto sobre una base individual como poblacional� Se concluye 
que el éxito de este enfoque depende, en gran medida, de la adquisición de un conocimiento detallado acerca 
de la influencia relativa, sobre los patrones de variación morfológica, de factores que controlan la ontogenia 
de los fenotipos artefactuales, i�e� la homeostasis del desarrollo (a través de la canalización o de la estabilidad 
del desarrollo) vs. la plasticidad fenotípica� Estos y otros temas estrechamente relacionados entre sí, tales como 
la evaluación y la  cuantificación de la contribución relativa de la información culturalmente heredada y cog-
nitivamente procesada y del ambiente sobre la constitución de los fenotipos artefactuales, deben integrar una 
agenda para el trabajo futuro sobre este tema�

PALABRAS CLAVE: HOMOLOGÍA, ARTEFACTOS LÍTICOS, ONTOGENIA, EXPERIMENTACIÓN REPLICATIVA

ON THE PROBLEM OF IDENTIFYING HOMOLOGIES IN 
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Plata (UNLP). República Argentina; (2) Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET); 
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Introduction

Homology is a central notion in historical sciences (Bigandt and Griffiths 2007), i�e� those disciplinary 
fields aimed at explaining natural phenomena in terms of long past causes (Cleland 2002)� The 
anthropological and archaeological concern for reliability in homology identification, particularly in 
the context of distinguishing between homologous and analogous cultural similarities, has a very long 
history indeed (e�g�, Galton 1889; Kroeber 1931; Binford 1968; Clarke 1968; O’Brien and Lyman 
2000; Hodder 2001; see O’Brien 2010: 313-317)� In fact, the clear distinction between homology 
and nonhomology (i�e� analogy, homoplasy) is a very important archaeological matter—despite 
of the archaeologist’s paradigmatic orientation or bias, as Hodder (2001: 85) nicely reminds us—
whenever we are interested in establishing historical connections between facts concerning past human 
behaviour� Moreover, in any attempt to investigate evolutionary relationships—both phylogenetic 
and ontogenetic—between and among artifactual phenotypes of any class (e�g�, Foley 1987; Collard 
and Shennan 2000; O’Brien et al. 2001, 2002; Tehrani and Collard 2002; Jordan and Shennan 2003; 
O’Brien and Lyman 2003; Shennan and Collard 2005; Darwent and O’Brien 2005; Eerkens et al. 2005; 
Jordan and Mace 2005; Buchanan and Collard 2007, 2008; Riede 2009; Lycett 2010), such a distinction 
is not only desirable but crucial� In view of its importance, it is surprising that the identification of 
homologies in artifacts currently constitutes a rather underdeveloped area of archaeological inquiry (cf� 
O’Brien 2010: 327)�  

The idea advanced in this paper is that the homology concept lying behind most of the current phylogenetic 
studies on artifacts, including lithics, is a narrow one almost exclusively based on a similarity criterion 
(e�g�, Lycett 2007: 544)� This can be considered as the logical outcome of the cladistic methodology 
adopted by many of such phylogenetic studies (e�g�, O’Brien et al. 2001, 2002; O’Brien and Lyman 
2003; Buchanan and Collard 2007, 2008; Riede 2009; Scheinsohn 2009; Scheinsohn et al. 2009; Lycett 
2010), which stresses the equivalence between homologies and synapomorphies (Patterson 1982; 
de Pinna 1991), and the adoption of a posterior homology assessment approach (Kleisner 2007) that 
uses inferred phylogenetic relationships to test homology hypotheses based on inferred monophyletic 
groups after the application of parsimony and congruence criteria (Patterson 1982, 1988; de Pinna 
1991; Haszprunar 1992; Brower and Schawaroch 1996; Sluys 1996)� Under this approach, homology 
becomes the end-product of a phylogenetic analysis rather than something that needs to be thoroughly 
investigated—using a variety of criteria like comparative morphological studies, topology, connectivity, 
ontogeny, and functional anatomy (Kearney and Rieppel 2006)—before (or besides) cladogram 
construction and evaluation� An obvious consequence of this practice is that many potentially important 
and useful homologous characters not similar in position, structure, or function tend to remain virtually 
undetectable� 

My aim here is not so much to criticize the assumptions and methodology of current phylogenetic 
studies on material culture as to underscore the need to enlarge the framework for homology recognition 
and testing in evolutionary archaeology� This goal is in line with recent claims in systematics and 
philosophy of biology which advocate for at least some causal grounding for homology hypotheses 
beyond mere congruence (Rieppel and Kearney 2002; Kearney and Rieppel 2006; Love 2007; Winther 
2009; Assis and Rieppel 2011), as well as with the main tenets of the emerging research program that is 
looking for a unified approach to homology through the coherent integration of ontogeny and phylogeny 
(Laubichler 2000; Rieppel 2005; Wagner 2007; Wagner et al. 2007; Ereshefsky 2009)� In order to 
achieve the proposed aim I will: (1) briefly review the current literature about the meaning of homology 
in evolutionary biology and the different available criteria to recognize homologous characters, (2)  
present and discuss the assessment criteria for homologies used by most of the phylogenetic studies on 
artifactual variation carried out over the last 10 years, (3) propose complementary ways of searching for 
homologies in artifacts, highlighting the advantages and problems associated with their implementation, 
and (4) sketch the lines of research that would be beneficially explored in order to gain knowledge about 
patterns of artifactual variation and about the mechanisms involved in the evolution—both ontogenetic 
and phylogenetic—of the artifactual phenotypes�
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The meaning of homology in evolutionary biology and the different ways of identifying 
homologous characters

To try to summarize all the points of contention in the current debate surrounding the homology 
concept(s) is a very difficult task, due to the inherent complexity of the subject matter and to the 
considerable bulk of literature on the issue that has been produced in recent years (for comprehensive 
and critical reviews see, among others, Patterson 1982; Rieppel 1988; Donoghue 1992; Hall 1994, 
2003; Lauder 1994; Bock and Cardew 1999; Brower 2000; Brigandt 2003; Cracraft 2005; Kearney 
and Rieppel 2006; Griffiths 2007; Kleisner 2007; Wake 2003; Ereshefsky 2009)� In this section 
I will only concentrate on those aspects relevant to my discussion, namely the restriction of the 
meaning of homology operated in cladistics—with all its conceptual and practical consequences—, 
and the theoretical and methodological alternatives existing today in evolutionary biology to tackle 
the problem of homology recognition�

Among the many conceptualizations of homology proposed during the last five decades, the two 
most widely accepted nowadays are the taxic and the developmental approaches (Griffiths 2006; 
Kleisner 2007; Ereshefsky 2009)� In the taxic conception, which was embraced by the so-called 
pattern or transformed cladistics (sensu Beatty 1982) or, more simply, Cladistics (with a capital C; 
Williams et al. 2008: 85) over the last 30 years, characters in different taxa are homologous if those 
taxa possess the character by descent from a common ancestor (Griffiths 2007), thus implying a 
hierarchy of groups and the formulation of hypotheses of monophyly (Patterson 1982, 1988; Stevens 
1984; de Pinna 1991)� For the developmental approach, two characters are homologous if they share 
the same set of developmental constraints (Wagner 1989a), which conforms a developmental module 
causing the stable production of a homologue (Wagner 1996)� Such developmental module would 
consist of a gene regulatory network composed by the genes and their corresponding interactions 
(Abouheif 1999; Bolker 2000; Wagner 2007; Wagner et al. 2007; Kuratani 2009)�

The taxic approach to homology has its formal origins in the work of Patterson (1982), who draws 
on the distinction made by Eldredge (1979) between taxic and transformational approaches to 
process analysis in evolution� Patterson (1982), following the propositions of several authors (e�g�, 
Wiley 1975, 1976; Bonde 1977; Platnick and Cameron 1977; Szalay 1977; Cracraft 1978; Nelson 
1978; Gaffney 1979; Platnick 1979; Eldredge and Cracraft 1980; Nelson and Platnick 1981; see 
discussion in de Pinna 1991), explicitly established an equivalence in meaning between homology 
and synapomorphy (i�e� a derived or specialized character shared by two or more taxa that originated 
in their last common ancestor), which is a fundamental concept in the logical framework of cladistics� 
The proposed equivalence was explicitly acknowledged by Nelson and Platnick (1981: 137) and 
de Pinna (1991: 369) as a restriction in the meaning of the term ‘homology’, whose philosophical 
justification resides in the fact that such restriction implies a greater logical specificity and a greater 
empirical content of the concept, and hence an increased scientific value� From a methodological 
standpoint, de Pinna (1991: 371) states that “by equating all derived similarities with synapomorphy, 
it is possible to detect a common pattern of internested attributes”� It is precisely under such 
framework, which operationally makes all characters equivalent to hypothesized synapomorphies, 
that the procedure of finding out a common pattern among taxa can be performed (de Pinna 1991)� 

In the taxic approach that pervades current cladistics, a homology—considered as a mental construct 
or abstraction (Patterson 1982, 1988, Nelson 1989; see discussion in Kleisner 2007: 328)—has 
always the status of a hypothesis� In consequence, the main effort is put in the process of hypothesis 
testing, which can be accomplished with the aid of the three tests proposed by Patterson (1982): 
similarity, conjunction, and congruence� It is intended that the results of these tests can discriminate 
different categories of homology and homoplasy (nonhomology) (Patterson 1988: 604)� For Patterson 
(1982, 1988), similarity—concerning topographic, histological, developmental, and compositional 
attributes—is deemed the traditional criterion of comparative morphology� Since nonhomology also 
implies similarity, it is considered an insufficient and weak tool to tests a hypothesis of homology, 
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but useful enough to validate a hypothesized homology as worthy of further examination because, 
as Cracraft (1981: 25) rightly pointed out, “similarity is the factor that compels us to postulate 
homology” (see also Stevens 1984: 403)� Conjunction, devised by Patterson (1982) as a test capable 
of disproving homologies as anatomical singulars, excludes the presence of two homologues 
within a single organism, i�e� if two putative homologues are found together in one organism, they 
logically cannot be homologous (Rose and Lauder 1996)� Congruence, finally, is considered the most 
decisive test of homology (Patterson 1988: 605)� It depends on the equivalence between homology 
and synapomorphy, and is based on the principle of parsimony (Patterson 1982: 38)� In testing a 
hypothesis of homology by congruence, the distribution of the target feature is confronted against the 
distribution of other putative homologies: a proper homology will define a group that is congruent 
with those specified by other homologies� Comparatively, then, congruence test is the most powerful 
of the three assessment procedures proposed by Patterson (1982), and purportedly the only one 
capable of accurately discriminate between homology and homoplasy�

In summary, it can be said that the taxic definition of homology attaches great importance to the 
systematic requirement for monophyletic trees, adjudicating a minor or a secondary significance to 
anatomical and developmental facts like position or embryological origin (Amundson 2001)� Under 
the taxic approach adopted by cladistics, the determination of homologies takes the form of a at least 
two-step procedure (cf� Brower and Schawaroch 1996): the first step consists in the identification 
of a putative, i�e� hypothetical, homology between characters or character states present in two 
or more taxa (primary homology, sensu de Pinna 1991), which is inferred on the basis of some a 
priori criteria, mainly similarity; the second step consists in the testing of the homology hypothesis 
by means of a phylogenetic analysis based on the principles of congruence and parsimony� The 
homology propositions that successfully pass such tests are then called secondary homologies or 
synapomorphies (de Pinna 1991)�

In opposition to the taxic approach, the developmental stance to homology centres its attention on 
ontogeny rather than on phylogeny (Ereshefsky 2009)� As presented by Wagner (1989a, 1989b, 
1999), the so-called ‘biological homology concept’ emerged within this framework as an approach 
to homology interested in generative biological mechanisms (i�e� processes) rather than in purely 
genealogical relations� 

Starting from the premise that homology is a relation between parts of the body and drawing on 
ideas contained in the work of Roth (1984) and of early and middle 20th Century biologists like 
H� Spemann, F� Baltzer and H� Kroeger, Wagner (1989a: 62) provided a preliminary definition of 
biological homology which states that 

“Structures from two individuals or from the same individual are homologous if they share 
a set of developmental constraints, caused by locally acting self-regulatory mechanisms of 
organ differentiation� These structures are thus developmentally individualized parts of the 
phenotype�”

It is followed from this definition that the homology relation cannot be meaningfully predicated of all 
conceivable features, but only of those developmentally constrained morphological patterns (Wagner 
1989a: 66)�

Wagner (1989b) considers that the research program on the biological basis of homology should 
approach the evolution of morphological characters at two different levels� The first one refers to 
character modification within a definite framework of developmental constraints, whereas the second 
one refers to the evolutionary modifications of such constraints� The need to deal with the problem of 
homology at two different levels has also been acknowledged by Laubichler (2000), who argues that 
homology should be explained with reference to both, development and (phylogenetic) evolution, 
since development is the proximate cause of morphological characters and phylogenetic evolution 
implies either organic transformation or stability�
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Functional to the growth of the developmental approach to homology—and to the entire field of 
evolutionary development or ‘evo-devo’—has been the view, adopted by many during the last 15 
years, that morphological characters at the organismic level may be considered the phenotypic units 
of evolutionary transformation, units that can be meaningfully compared more or less independently 
one from another in an interspecific context (Wagner 1996)� Such units are called modules 
(Wagner 1996; Raff 1996; Carroll et al. 2001; Schlosser and Wagner 2004; Wagnet et al. 2007; 
Klingenberg, 2008; Kuratani 2009), and it is intended that they conceptually fill the gap between 
genes and phenotypes by providing a possible link between both domains (Kuratani 2009: 61)� In 
this connection, different authors have proposed that the developmental modules, considered as units 
of evolvability (Laubichler 2000; Brigandt 2007; cf� Ereshevsky 2009), consist of a gene regulatory 
network composed by the genes and their respective interactions (Abouheif 1999; Bolker 2000; 
Wagner 2007; Wagner et al. 2007; Kuratani 2009)�  

Within the framework of the developmental approach to homology, Wagner (1999: 125) has 
stipulated a research program for testing the biological homology concept based on a combination of 
comparative, genealogical, and experimental methods� Such research program entails the following 
steps:

“(1) identifying of two or more putative homologues in a clade; (2) determining the phylogenetic 
distribution of the putative homologues; (3) describing the intra- and interspecific variation 
patterns of each putative homologue; (4) describing the development of each putative 
homologue, and determining if modes of development and distribution of homologues are 
phylogenetically congruent; and (5) providing and testing a model of how differences in modes 
of development between putative homologues effect differences in variational tendencies�”

As it has been widely debated (e�g�, Roth 1988; Brigandt 2002, 2003, 2007, 2008; Hall 2003, 2007; 
Wake 2003; Grant y Kluge 2004; Cracraft 2005; Ghiselin 2005; Kearney and Rieppel 2006; Griffiths 
2006, 2007; Bigandt and Griffiths 2007; Kearney 2007; Kleisner 2007; Rieppel and Kearney 2007; 
Matthen 2007; Winther 2009; Assis and Rieppel 2011), the taxic and developmental approaches to 
homology definition and recognition are source of both enlightenment and shortcomings depending 
on the application context� In part to overcome this situation, some scholars are now advocating for 
a unified approach to homology, one that coherently integrates ontogeny and phylogeny into a single 
operative framework (Laubichler 2000; Rieppel 2005; Wagner 2007; Ereshefsky 2009)� Recently, 
Ereshevsky (2009) has given an account of the rationale for such integration that is based on three 
affirmations: (1) phylogeny is essential for establishing the identity conditions of a homologous 
character; (2) ontogeny is essential for explaining variation and similarity among the character 
states of a homologue; and (3) developmental factors need to be transmitted across generations� The 
success of this ongoing undertaking remains to be judged [for a pessimistic view about this whole 
enterprise, see Maynard-Smith (quoted in Tautz 1998: 17); Wake (2003); Griffiths (2007)], but the 
logic behind the effort is certainly sound�    

From the precedent review it becomes clear that for to get a deeper understanding of evolution 
occurring at different levels along a hierarchy of entities and processes, there is an urgent need 
of integrating pattern and process in a coherent way� In this endeavour, the role of homology as a 
pivotal concept cannot be overemphasized� This alone justifies the importance of reaching a trade-
off between specificity and generality in homology definition, and of developing an integrated and 
coherent methodological approach for homology recognition and testing� This is something that is 
valid for biology and for archaeology as well�

The treatment of homology in evolutionary archaeology: A critical appraisal

As stated above, the prevailing approach in evolutionary archaeology to the homology identification 
problem is one based on the cladistic methodology� The rationale behind this fact resides in the 
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current emphasis on phylogenetic reconstruction (i�e� what causes what and in what order; O’Brien 
and Lyman 2003) as a way to tackle the issue of cultural transmission and artifactual evolution 
(i�e� if things evolve in a nonrandom way, they can be properly studied by the use of cladistics; 
O’Brien and Lyman 2003)� In this context and as long as cladistics became the most commonly 
used phylogenetic methodology in biological systematics over recent decades, most evolutionary-
oriented archaeologists adopted it in order to investigate historical connections concerning artifactual 
data (e�g�, O’Brien et al. 2001; Lyman and O’Brien 2005; contributions in O’Brien 2008; Lycett 
2010)� As a consequence, cladistics virtually replaced seriation, which was the preferred approach in 
evolutionary archaeology in its early days (Dunnell 1970; Teltser 1995; Lyman et al. 1998)� 

As depicted by Buchanan and Collard (2007: 368) and Lycett (2007: 544; 2010: 210-211), 
archaeological applications of cladistics proceed along the same series of steps used in biological 
systematics (McLennan and Brooks 2001)� Under this approach, homologies are considered as 
hypotheses about historical relationship between characters or character states present in two or 
more analytical units referred to as Operative Taxonomic Units (OTUs)� Such hypotheses are mainly 
formulated on the basis of a similarity criterion and are tested by means of the inferred phylogenetic 
relationships after analysis completion (Lycett 2007: 544) (i�e� posterior homology assessment 
approach; sensu Kleisner 2007)�

It is important to note that archaeological cladistics uses both qualitative and quantitative (morphometric) 
data, either separately or in combination (e�g�, O’Brien et al. 2001; Buchanan and Collard 2007, 2008; 
Lycett 2009a, 2009b, 2010)� In morphometrics, particularly in landmark or geometric morphometrics, 
‘homology’ primarily refers to “correspondence of point(s) (or measurement) across the range of 
lithic forms in a given analysis” (Lycett 2009a: 88), not necessarily implying “common evolutionary 
(i�e� genealogical) ancestry and/or common developmental pathways” (Lycett 2009a: 88; see also 
Buchanan et al. 2007: 284-285, and Lycett and Chauhan 2010: 16-18)� It is worth reminding that the 
primary concern of morphometrics is to ensure comparability between cases in form (both, shape and 
size) analysis in order to proportionate meaningful information about variation within a collection of 
specimens, and not strictly to reveal or assess genealogical relationships (O’Higgins 2000: 105)� In 
fact, the degree to which either 2D or 3D landmark configurations or even distances between points 
sampled from a biological form relate to truly homologous structures is, usually, difficult to estimate 
owing to the allowed combination, in geometric morphometrics, of different kinds of reference points 
(i�e� Type I, Type II, and Type III landmarks; Bookstein 1991, 1997), each of them carrying a distinct 
‘homology signal’ (see discussion in Cardillo 2010: 327-328)� Nevertheless, if each point is clearly 
defined and consistently identified, the comparability of landmark configurations or measurements 
between specimens in a sample is guaranteed� In any case, it is clear that in morphometrics—like in 
cladistics—homology claims always adopt the form of a priori putative statements (O’Higgins 2000: 
106; Strauss 2010: 73), which, in this case, remain basically untested throughout the entire analysis�  

Two main criticisms can be raised against the widespread treatment of the homology problem in 
evolutionary archaeology, at least as it was succinctly reviewed here� The first one refers to the use of 
the similarity criterion as the only source of hypotheses about homology� The second one refers to the 
current lack of emphasis on the development of a sound methodology for detailed character analysis 
in order to independently test homology assertions, as well as to discover unexpected homologous 
relationships between morphological traits�  

Despite the fact that morphological similarity—i�e� the extent to which one form resembles another 
form, as determined according to some specified set of criteria and procedures—is often considered 
the prerequisite of a homology hypothesis  (Cracraft 1981: 25; Stevens 1984: 403), and even “the 
very phenomenon that the systematic method is supposed to account for” (de Pinna 1991: 377), 
it is clear that traits similar in terms of size, shape or function may be non-homologues and traits 
dissimilar in terms of such properties may be homologues (Rieppel and Kearney 2002: 63)� Indeed, 
morphological similarity as a criterion for homology identification may be potentially misleading 



55

BARRIENTOS: ON THE PROBLEM OF IDENTIFYING HOMOLOGIES IN LITHIC ARTIFACTS

due to the fact that evolutionary modifications can cause a loss of morphological resemblance of 
homologous structures, while reasons other than common ancestry (e�g�, convergent evolution) can 
make two non-homologous structures appear quite similar thus complicating the recognition of truly 
homologous structures (Lao and Tomoyasu 2011: 232)�

It is relevant to introduce here the key distinction between the terms ‘similarity’ and ‘sameness’� 
To put it simply, homology is a relation of sameness not similarity (Müller 2003; Ghiselin 2005; 
Ereshefsky 2009)� Sameness, the quality or condition of being the same or identical (Noonan 2009), 
was first brought in by Owen (1843) as the criterion to distinguish between homology, i�e� the 
presence of the same parts in every variety of form and function, and analogy, i�e� similarity of parts 
in their functional adaptations� As it is understood, structures in different taxa are proposed to be 
homologous only if it is thought that the same structures—in some specified sense—were present in 
their common ancestor, irrespective of their degree of similarity or resemblance (Puelles and Medina 
2002: 243)� From a logical point of view, we can have sameness with similarity (homology), sameness 
without similarity (homology), and similarity without sameness (analogy, homoplasy)� It follows that 
similarity is neither a necessary nor a sufficient criterion for homology identification� The cladistic 
approach is undoubtedly appropriated to discriminate between homology and homoplasy whenever 
similarity coincides with sameness, but it has little to offer in cases in which sameness and similarity 
do not co-occur (by the virtual absence of the latter)� 

An important limitation of the cladistic methodology, as far as it concerns to the homology problem, 
resides in its disregard in performing detailed, in-depth assessment of character hypotheses—namely 
primary conjectures of homology—beyond the test of congruence, which specifically does not deal 
with character analysis in itself (Rieppel and Kearney 2002: 59)� The generalized adoption of such 
methodology by archaeological research oriented to investigate variation patterns in artifactual 
phenotypes, in some way precludes the implementation of a more sophisticated approach to the 
treatment of homology than that that is usually found in the current literature on the subject (Lycett 
2010; O’Brien 2010)� Just like in the case of biological systematics, what evolutionary approaches in 
archaeology need to develop is a sound methodology aimed to evaluate characters in terms of their 
developmental and/or functional causes (Rieppel and Kearney 2007; Rieppel 2008)� Some ideas 
about the way to overcome present limitations in relation with this problem shall be discussed in the 
next sections of this paper�

Towards an intergrative approach in the study of homologies in lithic artefacts: The rationale, the 
strategy, and the problems

As recent theoretical developments in biological systematics suggest, a unified approach to 
homology—i�e� one integrating ontogeny and phylogeny into a single interpretive and operative 
framework (Laubichler 2000; Rieppel 2005; Wagner 2007; Wagner et al. 2007; Ereshefsky 2009)—
represents a seemingly viable project aimed to address problems that neither the taxic nor the 
developmental approaches alone could satisfactorily solve (e�g�, how to accommodate the multiple, 
and often competing perspectives and research agendas on homology?; how to provide solid causal 
grounding to our primary homology conjectures or character statements?; how to understand the 
phenomenon of hierarchical disconnect, i�e� the fact that non-homologous factors at one level can 
cause homologous traits at a higher hierarchical level and, conversely, homologous factors can cause 
nonhomologous characters?; Rieppel and Kearney 2007; Rieppel 2008; Ereshevsky 2009)�

The main tenet of this paper is that in order to enlarge the framework for homology recognition and 
testing in evolutionary archaeology, it is crucial to engage in a synthesis similar to that is now ongoing 
in the field of biological systematics� It is significant to note that, although not directly addressing the 
problem of homology identification and validation, some scholars (Riede 2006, 2008; Shott 2008, 
2010; Lycett 2010) have already started to call attention on the importance of integrating ontogenetic 
aspects of lithic and other artifacts (e�g�, reduction sequences) with patterns of phylogenetic evolution, 
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in order to get a better understanding of the evolutionary process underwent by such material entities� 
At present, however, the precise way in which the advocated synthesis may proceed is less than clear�

A fundamental step towards a unified approach to homology in the evolutionary study of artifacts 
should be, I would argue, to establish equilibrium between phylogenetic and character analyses 
since, as it was already mentioned, there is a marked trend to lay emphasis on the former at the 
expense of the latter� Homology hypotheses should be testable in other ways than just on the basis of 
inferred monophyletic groups after the application of the congruence criterion (Rieppel and Kearney 
2002: 63)� The test of morphological characters can indeed be carried out using the main criteria of 
homology proposed in the early 1950’s by the German systematist Adolf Remane: a) topological 
equivalence (criterion of ‘sameness of position’), b) special quality of structures, and c) linkage by 
intermediate forms (Wenzel 1992: 369; Rieppel and Kearney 2002: 59)� Topological equivalence, the 
first and foremost criterion of homology, is based on the idea that homologous structures share similar 
locations and connections with adjacent parts; special quality designates any single characteristic 
or trait contributing to the distinctiveness of a structure, in such a way that homologues tend to 
present the trait more likely than non-homologues; the existence of intermediate forms, finally, 
imply that homologous structures tend to be more similar early in ontogeny than later, owing to 
the fact that intensive evolutionary modification can cause a loss of morphological similarity of 
homologous structures in adult (i�e� fully functional) forms (Moczek 2008: 436-437)� At the core of 
Remane’s proposal lies a probabilistic approach to homology (Laubichler 2000: 780): a homology 
hypothesis increases in likelihood when more than one criterion is fulfilled� All these criteria are 
applicable to data coming from such disparate sources as comparative anatomy, comparative fossil 
anatomy, comparative embryology, comparative physiology and biochemistry, and comparative 
ethology (Wenzel 1992; Rieppel and Kearney 2002; Brigandt 2003), and deal—particularly the first 
and third —with the causal processes of ontogeny� And ontogeny matters because morphological 
homologues are complex structures that change through time (Griffiths 1999)�

The endeavour of testing homology hypotheses concerning lithic artifacts would benefit from the 
systematic and comparative study of large collections of artifacts from archaeological contexts but, 
above all, from the comparative study of collections of experimentally produced tools and debitage� 
By means of replicative experiments (despite their potential pitfalls; see critical appraisals in Morrison 
1994 and Koerner 2011), the ontogeny of lithic artifacts can be approached in an analytic way similar 
to that of developmental biology� An alternative to experimentation would be the use of ethnographic 
and ethnoarchaeological data about the life-histories of different artifact classes� However, it must 
be realized that there is a general paucity of ethnographic information about lithic tool production 
and use (Shott and Sillitoe 2005: 654)� Moreover, while this kind of technology was still in use—at 
least occasionally—until recently (i�e� 1980’s) in different regions around the world (e�g�, Australia, 
Central America, Amazonia, Eastern Africa, and the New Guinea Highlands), it is virtually impossible 
nowadays to find people engaged in chipped stone production on a regular basis due to the massive 
adoption of metal tools and weaponry almost everywhere (Sillitoe and Hardy 2003: 555)� This situation 
clearly hampers the implementation of an ethnoarchaeological approach to the subject�

Replicative experiments of specific lithic reduction sequences (Flenniken 1984; Whittaker 1994 and 
literature cited therein) possess the advantage of providing a good context, at a relative low cost, 
for the testing of homology hypotheses following Remane’s criteria in highly controlled conditions, 
allowing for the reiterative deployment of procedures and the statistical analysis of resulting data� 
It cannot be overemphasized, however, that the success of the proposed strategy depends on the 
resolution of a series of questions related to the process and pattern of artifactual phenotypic variation 
that are begging for a more clearer understanding than that is available today� 

I would argue that a developmental approach to homology recognition and testing may represent 
a practicable undertaking only if it can be demonstrated that: a) the life-history of different artifact 
classes is capable of being assimilated—to a certain extent—to the biological concept of ontogeny 
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in a relevant or not merely impressionistic way; and b) the artifactual phenotypes exhibit a certain 
degree of constancy (Waddington 1957) at the individual and population levels� In other words, it 
seems clear that only if lithic artifacts truly develop, and in a non-random or idiosyncratic fashion, 
an ontogenetic or developmental approach to homology is feasible� In the remainder of this section I 
shall briefly discuss these pressing issues�

The first problem that cries for clarification is the extent to which the concept of ontogeny is relevant to 
describe the life-history of lithic artifacts� Ontogeny can be broadly defined as the history of structural 
change affecting a unity (whatever it may be), without the loss of the organization which allows that 
unity come to existence (Maturana and Varela 1987: 74)� Ontogeny form part of the more general 
phenomenon of intarvariation, which consists in the internal variation of a system as a consequence 
of the instability of structural units over time (cf� Schreider 1960)� Organismal units express such 
intravariation through the fundamental processes of growth, development, and senescence, all these 
being fundamental causal forces contributing to phenotype construction along life cycle� Phenotype 
construction, principally during its early phases, is inherently morphogenetic, with each event dependent 
on previous ones and contextualized by collateral ones (Salthe and von Sternberg 2009)� 

Lithic artifact production and use are reductive phenomena (Andrefsky 2005: 30, 34-38; Clarkson 2007: 
32)� This implies that the general process affecting most artifact classes (either tools or debitage) along 
their life-history trajectories (i�e� the succession of events extending “from the first flake removed from 
a core though any potential resharpening and usewear that occurs prior to final discard”; Lycett 2010: 
227; see also Andrefsky 2009: 67) is decrease instead of growth (e�g�,  a biface cannot be bigger than the 
blank from where it was produced, becoming even smaller as the reduction sequence advances)� This 
general statement, however, may not be true in all cases: e�g�, unused flakes resulting from the reduction 
of a core or other artifacts do not undergo further decrease until discard, which can be immediate� The 
general norm of decrease or stability (either by sharpening, wear, or discard) in the life-history of lithic 
artifacts introduces a significant difference with the ontogeny of organismal units, which tend to grow 
by increase in the size and/or the number of components (Cameron 2002)� A further discrepancy comes 
from the fact that organismal units undergo a process of increasing differentiation as growth progresses� 
Such differentiation involves diversification in the form, function and hierarchical organization of 
components� Clearly, lithic artifacts do not engage into a process of internal differentiation, at least 
in the same sense that cells, tissues or whole organisms do� Chipped stones are more like some hard 
components of the phenotype of certain organism (e�g�, mollusk valves) in that they depend on the 
growth, differentiation, and maturity of other components of the phenotype in order to come into 
existence and achieve a definite form� Stone artifacts experience a sort of mechanical (as opposed to 
organic) differentiation, in the sense of becoming increasingly segmented (or at least susceptible of 
being segmented) into more or less identifiable parts (e�g�,  an endscraper as it is shaped into a piece 
with a sharp working edge, a proximal hafted end, and two lateral edges)�  

Another fundamental process contributing to morphogenesis is development� In general terms, 
development is progressive change, a process of fine-tuning enhancement through the differential 
promotion of latent informational constraints (i�e�, sites or regions that might assume more than one 
configuration), followed by the ensuing fixation of some of such constraints (Salthe 2010: 358-359)� The 
‘canonical developmental trajectory’ of different systems (Salthe 1993) typically runs from immaturity 
(dominated by morphogenesis) through maturity (in which form is definitive for the kind of system) to 
senescence (in which form increasingly accumulates distorting marks as a result of interactions with 
the environment) (Salthe 2010: 60)� Biological development—a phenomenon intimately associated 
with growth—is mainly conceived as the attainment of an increasing functional ability (maturity) along 
the ontogenetic process (Cameron 2002: 10), functional ability being measured in relation with some 
particular function or set of functions� Chipped stones (or at least some of them) ‘develop’ in the sense 
that they experience progressive change (i�e� decreasement and shape modification)� The question that 
arise, however, is if lithic tools really reach something like a mature (i�e� fully functional) or definitive 
form� On the one hand, from the perspective of the so-called ‘teleological model’ (Bleed 2001)—i�e� 
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that embraced by the châine opèratoire school as it was characterized by Dibble (1995), Bleed (2001), 
and Shott (2003)—reduction sequences are considered as more or less prolonged series of actions 
aimed to a somewhat predetermined goal or end-product, following a sort of mental template� From 
this standpoint, tools would really attain a mature stage in which their functional ability or performance 
is the highest� On the other hand, the rival ‘evolutionary model’ (Bleed 2001) emphasizes the rather 
contingent and situational nature of lithic technology, understanding stone production as a continuous 
and “expanding array of alternatives defined by intervening options and outcomes” (Bleed 1991:20) 
which makes unlikely, in most cases, the existence of predictable end-results� Under this perspective, 
the very idea of a mental template is put into question (e�g�, Bleed 2001; Davidson 2002; cf� Costa 
2010), as it is the proposition of a clearly identifiable ‘mature’ stage in the life-history of most tools� 
This contentious issue is far from being resolved, but it seems prudent to assume that at least certain 
tools—likely those in which function and selection for performance impose very narrow constraints on 
form and morphogenetic process—indeed attain an state that could be properly considered as ‘mature’ 
immediately before the point of first usage, while other less functionally and morphologically less 
constrained tools change in a apparently undirectional way� I shall return later on this point when 
discussing the concept of ‘canalization’� 

Senescence or aging, finally, designates irreversible changes—assessed by means of specific biomarkers 
(Fox 2007)—in structure and function (generally involving impairment or loss of a function) of a whole 
organism or part of an organism that occur after maturity as a result of time-dependent processes (Medina 
1996)� It is an observational fact that lithic edges eventually become worn and blunt, then needing some 
amount of restoration for further use with the same or a closely related function (Andrefsky 2009)� 
This is understood by some as representing senility or aging following first usage (Lycett 2010: 227 
footnote nº 2; Shott 2010: 275)� The indicators of such process (analogous to biomarkers) are usewear 
and resharpening� It must be noted that the strict application of the concept of senescence to stone tools 
is logically reliant on the acceptance—at least partially—of the tenets of the teleological model about 
lithic reduction� Tool must mature (i�e� to reach a definitive and fully functional form) in order to age� 
If tools do not mature, then they cannot age but simply change� Instances of tools that seems to fit well 
into the developmental model are most of the North American bifaces (e�g�, projectile points), which 
go through a clearly differentiated production phase and through a subsequent use-life phase (i�e� the 
service life of one tool; Shott and Sillitoe 2005: 654) (Wilson and Andrefsky 2008: 87; Andrefsky 
2009: 69)� Examples of the entangled production-use model which implies a continuously changing 
form resulting from successive phases of use and resharpening are flake knives (Andrefsky 2009: 69), 
Australian endscrapers (Clarkson 2005), and most bifaces from areas of the world different than North 
America (Wilson and Andrefsky 2008: 87; cf� Clarkson 2002)� 

The second problem refers to the degree of constancy exhibited by those artifactual phenotypes 
that indeed develop� The concept of phenotypic constancy is linked to the notion of developmental 
homeostasis, i�e� “the ability of an organism to maintain a more buffered series of developmental 
pathways resulting in increased phenotypic uniformity of individuals in a population” (Etges 1989: 
189)� Developmental homeostasis ensures phenotypic constancy in the face of genetic, environmental, 
and developmental variation (Waddington 1957), and is controlled by two main processes: canalization 
and developmental stability (Debat and David 2001)� Canalization designates the process by which 
phenotypic variation is reduced, at the population level, by developmental mechanisms (Stearns et 
al. 1995)� Canalization buffers development to reduce the amount of variation potentially introduced 
by genetic and environmental factors, thereby ensuring phenotypic constancy in populations (Clarke 
1998; Debat et al. 2000)� Developmental stability, in turn, is the ability of an organism to maintain 
a stable development under a particular set of conditions due to the existence of mechanisms that 
reduce variability caused by accidents or random perturbations, i�e� noise (Clarke 1998; Van Dongen 
and Lens 2000)� Canalization reduces phenotypic variation among individuals whereas developmental 
stability reduces variation within individuals (Etges 1989)� The lack or low degree of homeostasis is 
called phenotypic plasticity (Etges 1989), which is defined either as the ability of a genotype to express 
different phenotypes across a range of environments (Liefting et al. 2009), or the ability of an organism 
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to alter its physiology, morphology, and development in response to changes in the environment 
(Callahan et al. 1997)� Phenotypic plasticity usually varies between habitats as a function of the degree 
of spatio-temporal heterogeneity (Liefting et al. 2009)� 

We can expect that the possibility of approaching homologies in lithic artifacts by means of the study 
of developmental patterns at the individual and population levels, heavily depends on the degree of 
developmental homeostasis in the ontogeny of artifactual phenotypes: i�e� the lesser the degree of 
developmental homeostasis, and hence of phenotypic constancy, the lesser the chances of obtaining 
useful information about potentially homologous traits� Nevertheless, a proper assessment of the relative 
contribution of developmental homeostasis and phenotypic plasticity to the patterns of artifactual variation 
requires a deep understanding—and some degree of quantification—of the influences of informational 
(i�e� genetic, epigenetic, behavioral, symbolic; Jablonka and Lamb 2005) and environmental factors 
(including the interaction between both kinds of causes) on the expression of the artifactual phenotypes� 
At the present time we notoriously lack such understanding and analytical sophistication, so an agenda for 
further work on this subject should unavoidably include these critical topics�

Concluding remarks

To enlarging the framework for homology recognition and testing at the level of artifactual phenotypes 
is a much relevant goal in evolutionary archaeology, as long as this field aspires to obtain a deeper 
understanding of evolution occurring at different levels along a hierarchy of entities and processes 
involving the human clade� Current emphasis on cladistics as the almost unique context in which 
homology hypotheses are formulated and tested should not hinder the exploration of other sources 
of information about homologous traits in lithic artifacts� In this vein, I advocated here for a more 
equilibrated approach to the homology problem, one integrating phylogenetic and ontogenetic 
perspectives into a coherent research program� However it must be realized that, in order to make of 
this project a viable effort, a great deal of knowledge about the many factors influencing the patterns of 
intervariation and intravariation in artifactual phenotypes ought to be achieved� Chief among the issues 
that need to be urgently addressed is the assessment and quantification of the differential contribution 
of those factors involved in the construction of artifactual phenotypes, namely the culturally inherited 
and cognitively processed information, the environment, and the interaction between both factors� In 
this sense, one major objective of evolutionary archaeology should be to identify the causes of the 
phenotypic variance and covariance within and between life-history traits in artifacts, as well as the 
relative contribution of such sources to the total phenotypic variance within each trait� This might aid 
to formulate explicit models about the way in which the phenotypic variance of artifactual traits can 
be partitioned� The second major problem to address is the evaluation of the degree of developmental 
homeostasis in the ontogeny of artifactual phenotypes, particularly of those artifact classes that undergo 
a true developmental process as it was defined above� The pertinence of an experimental program to 
attack the problem of homology recognition and validation in lithic artifacts seems to be contingent on 
the demonstration that, at least for certain artifact classes, the morphogenetic process is constrained 
to a certain degree, i�e� the amount of equifinality is relatively low� However, it has to be remembered 
that due to the phenomenon of hierarchical disconnect, even non-homologous developmental pathways 
can cause the same homologous morphology (Abouheif 1999; Ereshevsky 2009)� All these problems 
deserve to be thoroughly investigated, both theoretically and empirically�

As a final thought, I want to mention that different authors (e�g�, Binford 1968; Dunnell 1971, 1978) 
have stated that the terms we use to create our data directly establish a determination over the kind 
of operations or procedures that we can subsequently execute on those data� In this sense, it might be 
necessary to rephrase many of the linguistic expressions already in use in lithic analysis into terms 
or expressions usually employed in organismal evolutionary literature, after assessing for adequacy 
and relevance (e�g�, life-history for ontogeny, standardization for canalization)� This may aid to 
reduce ambiguity and imprecision in the communication of ideas and results but, above all, to set the 
problem in a proper and long-established frame of reference�    
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Abstract

This chapter focuses on how human colonization of Sierras of Cordoba (Argentina) impact on the high-ranked 
prey resource density –i.e. Lama guanicoe-� Three hypothetical scenarios were modelled altering the encounter 
rate of L. guanicoe and predicting how its variation should broaden or narrow the optimal diet of human societ-
ies� Diachronic trends in the Lama sp� encounter rate were analyzed with two quantitative indeces that compare 
its relative abundance in the assemblages: the “camelid index” and the “artiodactyls index”� The archaeofaunal 
record reflects the temporal decrease in Lama sp� frequency through the Holocene� This taxonomical trend is 
associated to a decrease in their encounter rate as a result of human over-explotation under specific ecologi-
cal conditions� The results draw to the conclusion that a broad-spectrum diet which may not be an exclusively 
Late Holocene phenomenon and its origins may be found in earlier processes beginning during the Middle 
Holocene� Thus, the incorporation of small-scale agriculture around ca� 1200-1000 BP cannot be satisfacto-
rily explained only by external factors such as climate changes, the diffusion and/or arrival of new biological 
populations� Research should consider that past human cultural activities played a dynamic role in this process 
through niche construction, co-directing subsequent cultural changes that are seen in the archaeological record�

KEYWORDS: ARCHAEOLOGY, NICHE CONSTRUCTION, SIERRAS DE CÓRDOBA

Resumen

Este capítulo se focaliza en como la colonización humana de las Sierras de Córdoba (Argentina) impactó sobre 
la densidad del recurso del mayor ranking –i�e� Lama guanicoe-� Se plantean 3 escenarios hipotéticos alterando 
la frecuencia de encuentro con L. guanicoe y prediciendo como su variación va a ampliar o estrechar la dieta 
óptima de las sociedades humanas� Las tendencias diacrónicas en las frecuencias de encuentro con L. guanicoe 
se analizaron con 2 índices cuantitativos que comparan su abundancia relativa en los conjuntos: el “índice de 
camélidos” y el “índice de artiodáctilos”� El registro arqueofaunístico refleja una caída en la frecuencia de 
Lama sp� a través del Holoceno� Este patrón es asociado a una reducción en la tasa de encuentro como resultado 
de la sobreexplotación humana bajo condiciones ecológicas específicas� Los resultados indican que una dieta 
de amplio espectro no es un fenómeno exclusivamente del Holoceno Tardío y sus orígenes deben buscarse tem-
pranamente en el Holoceno Medio� En consecuencia, la incorporación de prácticas agrícolas a pequeña escala 
ca� 1200-1000 AP no puede ser explicada satisfactoriamente por factores externos, como cambios climáticos, 
difusión y/o el arribo de nuevas poblaciones biológicas� Las investigaciones deben considerar que las activi-
dades culturales prehispánicas jugaron un rol dinámico en este proceso a través de la construcción de nicho, 
codirigiendo los subsecuentes cambios culturales que se observan en el registro arqueológico�  

PALABRAS CLAVE: ARQUEOLOGÍA, CONSTRUCCIÓN DE NICHO, SIERRAS DE CÓRDOBA

Introduction 

Humans, as many organisms, modify local environments through resource selection, emiting detritus, 
constructing shelters and pathways, etc� with spectacular ecological and evolutionary consequences� 
This process is known in Evolutionary Biology as “niche engineering” or more recently “niche 
construction” and consider that no species has more greatly amplified this ability than humans (Laland 
et al 2001; Odling-Smee 2007; Odling-Smee et al 2003; B� Smith 2007)� Thus, Homo sapiens not 
only adapts to different environmental conditions but also interacts with them, modifying natural 
selective pressures which will be inherited to his descendants (Laland et al 2001)�
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Human Holocene colonization of Sierras of Cordoba (Argentina) and its impact on the high-ranked 
prey resource density –e�g� Lama guanicoe– are analyzed under this perspective� Prey density 
simulations and Diet Breadth Model predictions (Stephen & Krebs 1986) were used to assess human 
predation pressure on local L. guanicoe demography� Niche Construction Theory (Odling-Smee et al 
2003) is used as a behavioral and evolutionary framework to understand main changes in Sierras of 
Cordoba Holocene archaeological record, including the increased importance of low-return resources 
and the incorporation of small-scale agriculture at the end of the Holocene�

This chapter is focused on faunal analysis from six archaeological sites located in Sierras of Cordoba 
upper mountain grassland range dated on from Early Holocene to Late Holocene� This environment 
was the habitat for ungulate herds such as the guanaco (Lama guanicoe) and pampas deer (Ozotoceros 
bezoarticus), main profitable prey for Holocene hunter-gatherers and horticulturalists� Thus, temporal 
variations in taxonomic resource abundance provide an excellent opportunity to examine the resource 
intensification process previously proposed for the region (e�g� Berberián et al 2008; Medina 2008; 
Medina & Rivero 2007; Pastor 2007a; Recalde 2009; Rivero 2009;)� 

Environment and Human Colonization of the Sierras of Cordoba

The Sierras of Cordoba are a low-altitude mountain range (500-2790 m) with a complex of peaks, 
valleys, steep slopes and high-plains that are especially interesting from a human evolutionary 
ecology point of view� In a simplified scheme, most of the regional plant communities were included 
in the Sierra Chaco which is a semi-arid xerofic forest dominated by small trees and shrubs with 

Figure 1� Map of Córdoba Province (Argentina) 
indicating site locations discussed in the text.

edible wild fruits such as algarrobo 
(Prosopis spp�), chañar (Geoffroea 
decorticans), mistol (Zizyphus mistol), 
molle de beber (Lithraea molleoides), 
etc� (Luti et al. 1979; Demaio et 
al. 2002) (Figure 1)� The fauna of 
Sierra Chaco is dominated by low-
diversity neotropical small-sized 
mammals adapted to closed-vegetation 
environments such as the brown-
brocket deer (Mazama guazoupira), 
collared peccary (Pecari tajacu), 
vizcachas (Lagostomus maximus), 
armadillos (Dasypodidae spp�), small 
caviomorph rodents (Caviinae spp� and 
Ctenomyinae spp�), etc� (Bucher and 
Abalos 1979)�

Above 1500 m changes in floristic 
composition though altitudinal 
gradient results in high-plain known as 
upper mountain grassland range (Luti 
et al. 1979)� From South to North the 
main high-plains are Pampa de Achala 
(2,000 m), Pampa de San Luís (1,900 
m) and Pampa de Olaen (1,100 m)� 
Zoogeographically they are included in 
the Sub-Andean District of the Andean-
Patagonian Sub-region (Ringuelet 
1961) which included now-extincted 
prey species of great economic 
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importance due to their body size, such as guanaco, pampas deer, taruca (Hippocamelus sp�) and 
the south-american ostrich (Rhea sp�)� Thus, the upper mountain grassland range constitutes a 
“faunistic island” of 6,000 km2 surrounded by chaquenian environments, providing geographical 
isolation and refuge to an interesting Andean-Patagonian biota (Figure 1) (Bucher & Abalos 1979; 
Cabido et al. 1998; Cei 1972; Polop 1989; Ringuelet 1961)�

Palaeoclimatic information indicates that the mountain vegetation during the Pleistocene-Holocene 
Transition was different from the present� The grassland has a greater extension due to cold and dry 
climate conditions, connecting the high-plain to lowland grasslands, precordilleran and cordilleran 
zones of central and northwestern Argentina (Adams & Faure 1997; Carignano 1999; Piovano et 
al 2010; Sanabria & Argüello 2003)� This allowed the flow of several Andean-Patagonian faunal 
species, including L. guanicoe� The establishment of subtropical conditions at 6000 BP redefined the 
landscape with the formation of the Sierra Chaco vegetational belt and the biogeographical isolation 
of Andean-Patagonian biota above 1,500 m (Sanabria & Argüello 2003; Teta et al� 2005)�

There is a combination of factors that enhance the chance that the “faunistic island” of the upper 
mountain grassland range will be highly-vulnerable to human predation (Nagaoka 2002:422)� First, 
population size is generally smaller and the loss of individuals within this population is often more 
severe� Second, geographic isolation means that there is no replacement population, reducing the 
genetical flow and decreasing its long-term reproductive viability� Finally, preys will be severely 
impacted by the arrival of new predators in the local ecosystem, mainly if the predators were efficient 
hunters such as humans�

The earliest evidence of humans in the Sierras of Cordoba is dated at ca� 11,000 BP and it was 
obtained at the El Alto 3 site, on the Pampa de Achala (Rivero & Roldán 2005)� However, the 
human occupation during the Pleistocene-Holocene Transition was not intense, with a low-visibility 
archaeological record� After 8,000 BP the regional archaeological record increases progressively its 
visibility, reaching its highest level towards the end of the Late Holocene (Berberián et al 2008; Rivero 
2009; Rivero & Berberián 2008)� During this time the Sierras of Cordoba evidenced a process of 
colonization and stabilization of human occupation (sensu Borrero 1994-1995), involving population 
growth, the seasonal use of low-ranked mountain microenvironments and the incorporation of small-
scale agriculture ca� 1200-1000 BP (Berberián et al 2008; Pastor 2006; Medina 2008)�

The high-plains were exploited as the main large-game hunting territory through the Holocene 
sequence, so the isolated artiodactyl herds were subjected to a continuous human predation pressure 
during this time� This situation may cause anthropogenic-induced reduction in ungulate prey 
abundance so that human foragers should respond by increasing diet breadth (Medina & Rivero 
2007)� Thus, the archaeofaunal record available for the Sierras of Cordoba upper mountain grassland 
range ca� 7200-360 BP must be evaluated to assess the human impact on the prehistoric environment 
and how foragers adapt to the changing environmental situations that they create� This procedure 
would also offer valuable information about past ecosystems and how they changed during the 
Holocene, as well as measure human contribution to that process (Grayson 2001; Lyman & Cannon 
2004)�

Evolutionary Ecology, Niche Construction and Diet Breadth Model

Evolutionary Ecology (sometimes referred to as Human Behavioral Ecology) is the study of adaptative 
design and its ecological setting through the application of natural selection theory (Winterhalder & 
Smith 1992; Bird & O´Connell 2006; Broughton et al 2010)� Human capacity for rapid adaptative 
adjustments to changing socio-ecological conditions is considered the product of natural selection, 
whereas specific behavioral response are not (Boone & Smith 1998; O´Connell 1995; Winterhalder 
& Smith 1992)� The Evolutionary Ecology approach uses formal optimization models to explore 
the fitness-related cost and benefits of behavioral alternatives in specific socio-ecological context� 
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Thus, the environment is considered a key variable to explain variability in human behaviors 
(Bird & O´Connell 2006; Winterhalder & Smith 1992)� As human behaviors leaves intencional or 
unintencional material traces –i�e� the archaeological record– Evolutionary Ecology can generate 
expectations about prehistoric behaviors and their empirical consequences (Bird & O´Connell 
2006; O´Connell 1995)� 

Because Evolutionary Ecology often focuses on how behavior adjusts to environmental changes 
extrinsic to the organism as well as those resulting from its own activities, this framework is 
inextricably tied to Niche Construction Theory (Broughton et al 2010)� The central premise of the 
niche construction perspective is that human cultural activities play an active role in the evolutionary 
process modifying the selective pressures of the environment that drive further behavioral, cultural 
and genetical changes in human population (Odling-Smee et al 2003)� Ecological inheritance is 
a key concept in this theoretical framework, refering to the selective environments that the new 
generations inherit from their genetic or ecological ancestors, who have modified it on evolutionary 
time-scales through niche construction (Laland et al 2001; Odling-Smee 2007; Odling-Smee et al 
2003)�

A basic model of Evolutionary Ecology easy to integrate with the niche construction approaches 
is the Diet Breadth Model, because it draws on the same evolutionary logic (Broughton et al 
2010)� The Diet Breadth Model is specifically designed to predict which resources will be pursued 
or ignored when encountered by forager searching in a homogeneous environment (Bettinger 
1991; Hill & Hawkes 1983; Kaplan & Hill 1992)� It considers that the main objective of foraging 
activities is to maximize the capture of energy or post-encounter return rate –i�e� the amount of 
energy gathered per unit of time after encountering a resource (sensu Kelly 1995)–� Thus, foragers 
concentrate this effort pursuing a set of high-return prey types rather than taking low-return smaller 
animals when encountered� 

The Diet Breadth Model predicts that prey types were included in the diet according to their 
profitability� Those with a high post-encounter return rate should always remained in the diet and 
were pursued upon enconunter� Thus, its archaeological frequency reflects their abundance in the 
local environment (Broughton & Grayson 1993; Grayson et al 2001)� Only if the encounter rate of 
the high-return prey types decreases due to climate changes and/or human-induced prey depression 
(Broughton 1999) the diet should be broadened to include more abundant low-return resources 
(Bettinger 1991; Bird & O´Connel 2006; Broughton 1994; Kaplan & Hill 1992; Kelly 1995; E� 
Smith 1983; Winterhalder 1981a, 1981b; Winterhalder & Smith 2000)� However, prey types with 
lower profitability than the overall net caloric return rate should always be ignored regardless of 
their abundance in the landscape� This hypothetical point is defined as the “Optimal Diet Breadth” 
or “Local Optimum” (Kaplan & Hill 1992; E� Smith 1983; Winterhalder 1981a)� This is:

Ej / hj > ∑ λi * Ej  / ∑ λi * hi + 1 ,      (1)

where λi is the encounter rate of each resource, Ej the net energy obtained and hj the handling time 
(Muscio 2004)� 

The application of the Diet Breadth Model in archaeology requires that the potential preys were 
ordinal-ranked according to their profitability� Thus, a ranking was built based on the post-encounter 
return rate of the main taxa available in the Sierras of Cordoba upper mountain grassland range 
(Table 1)� Caloric yields and handling times were obtained from similar taxa  from the taxonomic, 
anatomical and metrical points of view (Hill & Hawkes 1983; Medina 2008; Muscio 1999, 2004; 
Yacobaccio et al� 1998)� Only 60% of artiodactyls’ eviscerated carcass was considered edible, 
while 70% of bird and 85% of small mammal carcasses were suitable for food (Byers & Ugan 
2005) (Table 1)� 
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L. guanicoe is the high-ranked prey type followed by the south-american ostrich, cervids and, finally, 
small rodents� 

According to Diet Breadth Model, Lama sp� will be taken whenever possible and its archaeological 
frequency should reflect its abundance during the Holocene� This reasoning allows three hypothetical 
scenarios to be modelled altering the encounter rate of L. guanicoe and predicting how its variation 
should broaden or narrow the optimal diet of human societies�

Scenario 1: 

Considering densities of 10 ind�/km2 for L. guanicoe, the optimal diet includes artiodactyls that 
inhabited the Sierras of Cordoba whose body size varies from ca� 30 kg (O. bezoarticus) to ca� 140 kg 
(L. guanicoe)� Flightless-birds Rhea sp� with a body size of 20-30 kg are also be exploited� Instead, 
small and medium-sized mammals and other vertebrates weighting less than 15 kg will be dropped 
from the diet (Table 2)�

Table 1. Parameters considered in the optimal diet breadth.

Table 2. Optimal diet breadth according to Scenario 1.
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Scenario 2: 

With a density of 5 ind�/km2 for L. guanicoe, the optimal diet shows no significant difference from 
Scenario 1� Artiodactyls and Rhea sp� will be pursued during subsistence activities� Medium and 
small-vertebrates continue being ignored (Table 3)� 

Scenario 3: 

Finally, L. guanicoe densities of 1 ind�/km2 reduce the encounter rate with the high-ranked resource 
and the model predicts the addition of medium-sized mammals (ca� 5 kg) such as dasypodids (Table 
4)� Artiodactyls and Rhea sp� continue being the main pursued prey due to their profitability, but L. 
guanicoe will be found less frequently in deposits� Smaller-sized taxas are still not included in the 
diet�

Table 3. Optimal diet breadth according to Scenario 2.

Table 4. Optimal diet breadth according to Scenario 3.

Sites, faunal record and methodology

The study focused on 15528 bone specimens collected in the archaeological sites Arroyo El Gaucho 
1, Quebrada del Real 1, Rio Yuspe 11, Rio Yuspe 14, Los Algarrobos 1 and Puesto La Esquina 1 
(Figure 1, Table 5)� During its excavations, sediments were sieved with a fine-screen 2 mm mesh to 
allow recovery of small vertebrate and macro-botanical remains� The archaeofaunal data was ordered 
by radiocarbon dating (Medina 2008; Rivero 2009; Rivero et al� 2010)� 
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Arroyo El Gaucho 1 (AEG-1; 1843 m) is a rock-shelter situated in Quebrada del Condorito National 
Park in the Pampa de Achala (Rivero 2009)� Two overlapped cultural Components were detected in 
stratigraphy during its excavation� Lower component (C1) is associated with lanceolate projectile 
points and bifaces that were radiocarbon dated at 7160±90 years BP (LP-1722, charcoal)� The upper 
component (C2) is characterized by triangular projectile points with slightly to markedly concave 
bases radiocarbon dated at 3590±60 years BP (LP-1599; charcoal) and 3700±70 years BP (LP-1612; 
charcoal)�

Table 5. Number of Identified Specimens per Taxon (NISP) for the upper mountain grassland range 
assemblages (Córdoba Province, Argentina).
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Quebrada del Real 1 (QR1; 1914 m) is a rock-cave located in the Pampa de Achala Provincial Hydrical 
Reserve (Rivero et al. 2010)� Three cultural Components were detected during it excavation� The 
lowest component (C1) was associated to lanceolate projectile points and charcoal dated at 5980±50 
years BP (LP-2133)� The middle component (C2) is characterized by the presence of triangular 
projectile points with slightly to markedly concave bases dated at 2950±90 years BP (LP-2042; 
charcoal)� Finally, the top component (C3) contain small-stemmed triangular arrowpoints as well as 
pottery fragments� This assemblage was temporal-assigned to the Late Holocene but not included in 
this paper due to absence of radiocarbon dates� 

Río Yuspe 11 (RY11; 1810 m) is a rock-shelter located in Pampa de Achala (Pastor 2007a, 2007b)� 
Due to the high-frequency of surface unmovable grinding artifacts and the stratigraphical data, the 
occupation was associated to animal and vegetal large-group food processing and consumption tasks� 
The site was dated at 1540±50 BP (LP-1658; charcoal) and 1170±50 BP (LP-1449; charcoal)� This 
chronology positions RY11 in a contemporary context to the spread of some technological innovation 
such as pottery and small-scale agriculture�

Río Yuspe 14 (RY14; 1860 m) is a small rock-shelter with archaeological occupations dated at 640±70 
BP (LP-1514; charcoal)� The archaeological remains indicate domestic activities, possibly by small-
family units related to Late Holocene seasonal large-game hunting dispersal of co-residential groups 
from Sierra Chaco environment (Pastor 2005, 2007a)�

Los Algarrobos 1 (LAl1, 1100 m a�s�l) is an open-air archaeological site located in the Pampa de Olaen 
(Medina 2008)� The analysis of superficial and stratigraphical archeological remains confirmed its 
use as an agricultural and residential site dated at 949±40 BP� (AA64818, charcoal)� 

Finally, Puesto La Esquina 1 (PE1, 1140 m) is an open-air site located in the associated-rich soil 
of a well-protected gorge of the Pampa de Olaen (Medina 2008)� The pottery, bone, lithic and 
palaeobotanical evidence, as well as an archaeological floor and a hearth, indicate the development 
of multiple-activities such as the production, storage, processing, cooking, and consumption 
of foodstuffs, the manufacture, maintenance, and discarding of artifacts, etc�� Thus, PE1 was 
interpreted as a semi-sedentary residential base or village� Two charcoal samples from overlapping 
layers were dated at 365±38 BP� (AA64816) and 362±43 BP� (AA64815), placing its occuppations 
near to the Spaniard arrival and indicating the high-resolution of the deposit�

The high-frequency of burning damage, cutmarks and percussion marks on bones, not treated in 
depth in this paper, indicate that humans were the main agents that formed these faunal assemblages 
(Medina 2008; 2009; Medina & Rivero 2007; Medina et al 2009; Rivero 2009; Rivero et al 2010; 
Rivero et al 2010; Pastor 2005, 2007a; 2007b)� Thus, the samples offer an excellent opportunity to 
assess without taxonomic ambiguity changes in human diet breadth through the Holocene�

Taxonomic abundance was quantified as the Number of Identified Specimens per Taxon (NISP)� 
Teeth were quantified as separate entities, regardless of whether they are found articulated 
or isolated� This methodology facilitates the interassemblage comparability despite post-
depositional processes that might have affected them (Lyman 2008; Stiner 1994)� Number of 
Specimens (NSP) and Number of Unidentified Specimens (NUSP) were also considered (Lyman 
2008)� 

Diachronic trends in the Lama sp� encounter rate were analysed with two quantitative indeces 
that compare its relative abundance in the assemblages at a different taxonomical resolution� 
The “camelid index” shows the relation between Camelidae and Cervidae bone specimens 
calculated as:
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Instead, the “artiodactyl index” reflects the relation between the artiodactyls and small-vertebrates 
bones frequency with the same logic that underlies the previous index:

∑ NISP Lama sp�
∑ (NISP Lama sp� + NISP Cervidae)

Ic = (2)

∑ NISP ( Lama sp� +  Cervidae + Artiodactyls)
∑ NISP (Lama sp� + Cervidae + Artiodactyls + small-vertebrate)Ia = (3)

Results and Discussion

The model predicts that artiodactyls and Rhea sp� should always be in the optimal diet breadth� Only 
when the density of guanaco decreases to 1 ind�/km2, armadillos would be an economical option in 
the evolutionary ecology optimization point of view� Other small-vertebrates such as caviomorph-
rodents remained theorically excluded from the diet, even when L. guanicoe has a low-density values�

The upper mountain grassland range zooarchaeological record is in agreement with these expectations 
(Table 5)� Indeed, the artiodactyls were exploited across the Holocene (Figure 2)� Camelids were the 
main prey-type exploited by human foragers since the Early Holocene (Rivero 2009)� However, 
Lama sp� decreases its archaeological abundance, particularly towards the Late Holocene (Table 6 & 
7, Figures 2, 3, & 4)� 

Conversely, cervids such as Ozotoceros sp� increase their frequency since the Middle Holocene and 
they are the most abundant prey in Late Holocene assemblage of Puesto La Esquina 1 (Medina 2009; 
Medina & Rivero 2007)� However, the prehispanic Ozotoceros sp� bone remains look like larger than 
present-day population parameters, stressing the possibility of a extinct local subspecies, species or 
even a new genus (see González 1960; Menghin & González 1954)� Future studies of metrical and 
non-metrical comparative variation as well as DNA molecular analysis should solve this taxonomical 
question�

Few bone specimens of Odocoileinae cf� Hippocamelus sp� were identified in Early and Middle 
Holocene assemblages of Quebrada del Real 1� Hippocamelus sp� was also found in Middle Holocene 
deposits of the classic archaeological sites Ongamira and Intihuasi caves (González 1960; Menghín 
& González 1954)� If the geographical distribution of Hippocamelus sp� in the Sierras of Cordoba 
was confirmed, this would be associated with low-density values and its absence in Late Holocene 
deposits would be explained by its local extinction�

The medium-sized mammal Euphractinae spp� were also identified in the assemblages� Their 
archaeological frequency is low in the Early Holocene deposits, but bony dermal scutes of these 
armadillos increase towards the Late Holocene (see Medina 2009)� According to model predictions, 
this taxonomical pattern indicates a decrease in the L. guanicoe encounter rate� Thus, foragers would 
have to concentrate their subsistence effort pursuing lower-ranked prey than artiodactyls�  

The predation of the south-american ostrich is only suggested by low-quantities of eggshell specimens, 
which are temporally-restricted to Late Holocene deposits� Rhea bones were not found� A possible 
explanation of its absence may be related to the fact that carcasses were not discarded in the sites, were 
fragmented into small-unidentified pieces and/or were destroyed by bone mineral density-mediated 
attritional processes� However, the low-NISP of eggshells might suggest that this flight-less bird did not 
inhabit the upper mountain grassland range and their eggs were transported from lowlands�
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Figure 2. Number of Identified Specimens per Taxon (NISP) for the upper mountain grassland range 
assemblages (Córdoba Province, Argentina).

Figure 3. Temporal trends in camelids abundance 
for the upper mountain grassland range 

assemblages (Córdoba Province, Argentina). 

Figure 4. Temporal trends in Artiodactyla 
abundance for the upper mountain grassland 
range assemblages (Córdoba Province, Argentina).
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The optimal diet breadth never predicts the anthropic predation of small-vertebrates� Nevertheless, 
caviomorph-rodents (Lagostomus maximus, Ctenomys sp�, Caviinae, etc�), cricetid-rodents 
(Holochilus sp�) and birds (Tinamidae, Anas sp�, etc�) are found in the assemblages with unequivocal 
traces of human interaction such as cut-marks and burning damage� Two hypothesis would explain 
their archaeological presence:

Hypothesis 1: Participation of women and children in the economy

Ethnoarchaeological and ethnographic studies in small-scale societies pointed out that subsistence 
activities are divided according to sex and age differences� Women and children do not participate 
directly in adult men large-game hunting, although they usually colaborate with the processing and 
transportation of the prey body parts to the base camp� Their economical participation focuses on 
the daily provision of food foraging low-return and easy to capture resources, such as small-animals, fruits 
and tubers (Zeanah 2004; Byers & Ugan 2005 Prates 2008; Bird & Bliege Bird 2000; Wadley 2009)� Thus, the 
identification of small-vertebrates in the sites, specially in Middle Holocene deposit, might be related to the 
archaeological consequence of these sexual and age-linked foraging practices� 

Hypothesis 2: Problems in the population-resource relationship

An alternative explanation argues that the small animals were exploited as a result of anthropogenic 
reduction in high-ranked prey density� Thus, a prey simulation model was used to examine the long-
term stability of a human subsistence system based on L. guanicoe, the high-ranked but susceptible to 
over-explotation prey type in Sierras of Cordoba (Medina and Rivero 2007)� The simulation employed 
biological and ecological variables of L. guanicoe (e�g� weight, density, population dynamics) and 
humans populations (e�g� calory requirements, demographic growth) to predicts how these model 
parameters behave when one of them was altered (e�g� population density)� Medina and Rivero´s 
(2007) model predicts that one-prey subsistence system focused on L. guanicoe should not be 

Table 6. Results of the “camelids index” and the “artiodactyla index” for the upper mountain grassland 
range assemblages (Córdoba Province, Argentina).

Table 7. Chi-Square Test linear trends for the upper mountain grassland range assemblages 
(Córdoba Province, Argentina).
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maintainable as far from the Middle Holocene ca� 6000 BP� At this threshold, habitat fragmentation 
and human predation produces a dramatic decrease in their local abundance� Human forager should 
respond by reducing prey selectivity and adding small-vertebrates that normally were marginally 
outside of the optimal diet (Rivero 2009; Medina & Rivero 2007)� 

According to this hypothesis, the declining trend in L. guanicoe prey density and the increase of 
the diet breadth constitute an obvious case of niche construction because humans alter the selective 
pressure through their own cultural activity and drive further adaptive adjustments� Thus, the 
predictions of Medina and Rivero (2007) prey simulation models resemble the “Route 1” path of 
Odling-Smee et al (2003: 338), in which the socioecological environment modified by cultural niche 
construction directs the evolutionary dynamics of the human societies�

CONCLUSIONS

The archaeofaunal  record from the Sierras of Cordoba upper mountain grassland range reflect the 
temporal decrease in Lama sp� frequency through the Holocene� This taxonomical trend is associated 
here to a decrease in their encounter rate as result of human over-exploitation under specific ecological 
conditions� Conversely, Odocoleinae increase their abundance during this period and their importance in the 
subsistence is greater than Lama sp� towards the Late Holocene� Small-rodents were present at low-NISP 
values since Early Holocene, but their frequency increases significantly from Middle to Late Holocene 
faunal assemblages� This pattern cannot be explained only with the Hypothesis 1 and is interpreted as a 
human behavioral adjustment to the L. guanicoe prey depression in agreement with Hypothesis 2�

However, only a preliminary evaluation of the model predictions was carried out in this chapter� The 
assessment of the model performance requires to eliminate the potencially sampling bias and the 
chronological gaps –including the absence of pleistocene faunal assemblages- through regional-scale 
archaeological studies� Furthermore, the analysis of the predator-prey dynamics and the evolutionary 
history of the human societies should be integrated with non-faunal evidence to expand its explanatory 
power� Thus, the changes in projectile point design, the development of new technologies –e�g� 
grinding tools, pottery, etc�–, the frequency of archaeobotanical remains and the variability in home 
range size mobility should also be considered, with special attention to their effects on foraging 
efficiency, demography, mobility, territorial defence, social differentiation, palaeopathology, etc�

The chapter also points out how the neo-darwinian evolutionary logic allows the operationalization 
of highly-predictive models about human colonization process and its effect on the ungulate prey 
resource they exploit� This is the opposite to the non-evolutionary approaches which claim for an 
unwarranted equilibrium between humans and the environment (Redman 1999; Smith & Wishnie 2000; 
Winterhalder & Lu 1997)� The Homo sapiens spread through the evolutionary scenarios of Argentina 
should promote co-evolutionary dynamics similar to the ones proposed here (Kelly 1999; Winterhalder 
1981b)� Nevertheless, different results from local extinction –e�g� domestication, dispersion of species, 
high-efficiency subsistence systems based on Camelidae, etc� (López 2009; Stahl 2009; Yacobaccio 
2001)- should be considered due to the variability in the specific socio-ecological settings� 

The archaeology of the Sierras of Cordoba should advance in the obtention of new faunal assemblages 
to test the model predictions with a high empirical robustness� However, the available archaeological 
data supports a broad-spectrum diet which may not be an exclusively Late Holocene phenomenon 
and its origins may be found in earlier processes beginning during the Middle Holocene� Thus, the 
incorporation of small-scale agriculture around ca. 1200-1000 BP cannot be satisfactorily explained 
only by external factors –e�g� climate changes, the diffusion and/or arrival of new biological 
populations, etc�-� A niche construction conception of evolution as a long-term behavioral cumulative 
process should also be taken into account� Indeed, research should consider that past human cultural 
activities played a dynamic role in this process through niche construction, co-directing subsequent 
cultural changes that are seen in the archaeological record�
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Abstract

The Darwinian theory of evolution has a key incidence in different levels of archaeological practice that con-
stitute a research program� This goes from a basically theoretical instance, associated with several frameworks 
in fashion during the last decades to a mid-range level, which is composed of sets of basically complementary 
models and frames of reference: optimal foraging theory, cultural transmission, costly signalling, niche con-
struction, all of which imply an archaeological assessment in a regional scale� The main challenge that we face 
is to make these models -derived from different theoretical strands- operative at the level of the archaeologi-
cal record� The aid of wide spatial and temporal analytical scales is as simple as fundamental by allowing the 
identification of material variation� The approaches of biogeography and archaeological landscapes provide a 
crucial aid in this regard� Biogeography may be regarded as a mid-range instance necessary to operationalize 
the archaeological analysis of evolutionary processes� In this context, human populations are seen as compo-
nents of ecosystems and space is the dimension where the intersection between models of cultural and genetic 
transmission is evaluated� Our goal is to introduce a brief archaeological discussion in a biogeographical frame 
exploring the relationship between some models derived from evolutionary theory� We define cultural trans-
mission as a part of niche construction theory, allowing relating spatial and temporal trajectories of human be-
haviour� Firstly we introduce the theoretical concepts that guide our work, focusing on the relationship between 
evolution and biogeography, archaeological landscapes and cultural transmission� Secondly, these relations 
are illustrated through the development of two case studies from Patagonia, which focus on the distribution of 
rock-art motifs and may be evaluated and discussed in the light of these concepts� 

Resumen

La teoría darwiniana de la evolución tiene una incidencia importante en los diferentes niveles de la práctica 
arqueológica, que constituyen un programa de investigación� Esto va desde una instancia básicamente teórica, 
relacionada con distintos modelos desarrollados en las últimas décadas a un nivel de rango medio, compuesto 
por conjuntos de modelos complementarios y marcos de referencia: la teoría de forrajeo óptimo, la transmisión 
cultural, la señalización costosa, la construcción nicho, todo lo cual implica dar cuenta del registro arqueológico 
en una escala regional� El principal desafío al que nos enfrentamos es hacer estos modelos, -derivados de dife-
rentes líneas teóricas- operativos al nivel del registro arqueológico� El empleo de escalas espaciales y temporales 
amplias, es tan simple como fundamental ya que permite identificar la variación material� Los enfoques de la 
biogeografía y los paisajes arqueológicos ofrecen una herramienta esencial a este respecto� La  biogeografía puede 
ser considerada como una instancia de rango medio necesario para operacionalizar el análisis arqueológico de los 
procesos evolutivos� En este contexto, las poblaciones humanas son vistas como componentes de los ecosiste-
mas y el espacio es la dimensión en la que se evalúa la intersección entre los modelos de transmisión cultural y 
genética� Nuestro objetivo es presentar una breve discusión arqueológica en un marco biogeográfico y explorar 
la relación entre algunos modelos derivados de la teoría de la evolución� Definimos la transmisión cultural como 
parte de la teoría de construcción de nicho, lo cual permite relacionar las trayectorias espaciales y temporales ob-
servadas en la conducta humana� En primer lugar se introducen los conceptos teóricos que guían nuestro trabajo, 
centrándonos en la relación entre la evolución y biogeografía, paisajes arqueológicos y transmisión cultural� En 
segundo lugar, estas relaciones se ilustran a través de dos caso de estudios de la Patagonia, centrados en la distri-
bución de los motivos rupestres; los cuales son evaluados y discutidos a la luz de estos conceptos�
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Introduction

In the last chapters of Charles Darwin’s work (1859), “On the Origins of Species by means of natural 
selection or the preservation of favoured races in the struggle for life”, there are concepts of main 
importance for the work that we pursue here� While chapters IX and X focus on the geological record 
and the organisms, chapters XI and XII focus on their geographical distribution� Thus, Darwin’s main 
legacy was clearly established: the relationship between time, space and change based on natural 
selection� One hundred and fifty years later it is possible to see a close relationship between concepts 
derived from evolutionary theory, the development of an archaeology that is defined by the study of 
wide spaces (Foley 1981; Borrero 1993a) and the consideration of the analytical potential offered by 
the study of temporal trajectories as revealed in the archaeological record�

The Darwinian theory of evolution has a key incidence in different levels of archaeological practice 
that constitute a research program in Imre Lakato’s terms (see Scheinsohn 2008)� This goes from a 
basically theoretical instance, associated with several frameworks in fashion during the last decades 
(Rindos 1980; O’Connell 1995; Bettinger 2008), to a mid-range level or “protecting belt” of the 
theory’s core, which is composed of sets of basically complementary models and frames of reference: 
optimal foraging theory, cultural transmission, costly signalling, niche construction, among others, 
all of which imply an archaeological assesssment in a regional scale� Even the analyses centered in 
archaeological sites refer to space as a bigger whole, such as in the case of the so-called ‘monitoring 
perspective’ (Thomas 1983)� The analysis of movement costs, selection of preys, raw materials and 
their processing and transportation costs, as well as the presence of signal emitters and receptors, are 
all integrated around the notion of behaviour as spatially continuous� The main challenge that we face, 
as it is widely known, is to make these models -derived from different theoretical strands- operative 
at the level of the archeological record (v�g� Lyman 2003; Eerkens and Lipo 2007)� The aid of wide 
spatial and temporal analytical scales is as simple as fundamental by allowing the identification of 
material variation, which is the raw matter these models work with�

We consider that the approaches in the fields of biogeography and archaeological landscapes provide 
a crucial aid in this regard (Borrero 2005)� Biogeography, which acquires an explicit theoretical 
character in the pioneer works of Darwin and Alfred Wallace (Briggs and Humphries 2004), provides 
concepts that allow gathering the spatial dimension with specific trajectories of cutural and biological 
change, constituting the basis for important archaeological developments (Borrero 1989-1990; Veth 
1993)� Biogeography may be regarded as a mid-range instance necessary to operationalize the 
archaeological analysis of evolutionary processes� In this context, human populations are seen as 
components of ecosystems (Pianka 1982) and space is the dimension where the intersection between 
models of cultural and genetic transmission is evaluated�

Our goal in this paper is to introduce a brief archeological discussion in a biogeographical frame 
exploring the relationship between some models derived from evolutionary theory� We are particularly 
seeking to contemplate cultural transmission as a part of niche construction theory (Aunger 2009; 
see general frame in Odling-Smee et al� 2003), allowing relating spatial and temporal trajectories 
of human behaviour� Firstly we introduce the theoretical concepts that guide our work, focusing 
on the relationship between evolution and biogeography, archaeological landscapes and cultural 
transmission� Secondly, these relations are illustrated through the development of two case studies 
from Patagonia  (Figure 1), which focus on the distribution of rock-art motifs and may be evaluated 
and discussed in the light of these concepts� 

Evolution and biogeography

From its beginnings as a discipline, biogeography has provided the necessary connection between 
evolution and space� Biogeography may be briefly characterized as an interdisciplinary field of 
research that allows connecting the distribution of a set of organisms -past or present- with a landscape 



85

BAUTISTA BELARDI, BARBERENA, GOÑI & RE: THE DEVELOPMENT OF A LEGACY

that has a given morphological and ecological structure that changes throughout time� All speciation 
models require space as a main element in their explanatory arguments, whether they emphasize 
sympatric or alopatric mechanisms and, in the latter case, vicariant or dispersion processes (Giller et 
al� 2004)� Biogeography and the niche construction frame are both derived from evolutionary theory 
and share a number of principles and goals� In both cases, the structure and history of a landscape 
are key issues� 

Niche construction theory sets the organisms as shaping forces of the habitat they occupy, thus 
contributing to the formation of future selective environments for their own species as much as for 
others (Odling-Smee et al� 2003)� 

Since populations are conceived as components and shaping forces of the ecosystems they inhabit, 
and behaviour is conceived as spatially continuous (Foley 1981), biogeographical models connect a 
given landscape with the demographical trajectories of a population (such as the model proposed by 
Veth [1993] for Central Australia, which suggests the existence of corridors, barriers and refugees)�

By doing this, they provide a frame to evaluate the transmission of cultural and biological information 
with a key place for the analysis of temporal trajectories of change� The divergent evolution model 
proposed by Borrero (1989-1990) for southern Patagonia provides another excellent example of 
this perspective� In synthesis, biogeographical models offer a spatial frame to interpret long-term 
biological and cultural change�

Figure 1. Archaeological case-studies from Patagonia

Evolution, Archaeological Landscapes 
and Cultural Transmission

An archeological landscape is 
understood as the attritional product 
of human occupations and formation 
processes in a given space through 
time (see Yacobaccio 1988)� There are 
two dimensions that become of great 
interest here: the first derives from 
niche construction theory and suggests 
that the landscape is the product of the 
interaction between organisms and 
their environment that is inherited 
with a set of signals and modifications 
taking place in the long run (Odling-
Smee et al� 2003; see Muscio 2009)� In 
this context, a distinction formulated 
by R� Aunger becomes relevant, who 
differentiates between two ways of 
social learning that carry different 
types of environmental modification� 

The first is related to the concept 
of communication defined as “an 
instance of niche construction 
using signs, signals, or artifacts 
that is targeted at changing the 
behaviour of conspecifics”, which 
implies intentional modifications 
of the environment (Aunger 2009: 
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37)� The simplest form of communication refers to the production of signals as verbalizations or 
body movements that do not have an archaeological correlate� Logically, there are also forms of 
communication that imply the formation of a material record and which generate the possibility of 
storing information within a regional landscape that may be ‘read’ afterwards� Following this idea, 
rock-art representations clearly constitute an intentional modification of the landscape and may be 
seen as an instance of niche construction through the transmission of information� At the same time, 
rock-art representations, in contrast with body or verbal signals, have the capacity of being received 
in a delayed form� 

On the other hand, Aunger (2009) identifies another form of social learning that involves the 
unintentional transmission of information, including the observation of the behaviour of conspecifics, 
as well as the incidental changes generated in the landscape through the behaviour of an individual or 
population� Even though an intentional landscape modification is important because it may highlight 
the ‘strategic’ nature of certain instances of niche construction (in Aunger’s sense), it does not cover 
all the importance of this phenomenon� As Martínez and Mackie suggest (2003-2004) when analizing 
the lithification of Quequén River’s basin, the consequences of certain activities in later human 
behaviour may be independent of their intentional vs� incidental character�

Wobst (1977) and Wiessner’s (1983) suggestions may be rethought within this perspective� It is useful 
to consider certain characteristics proposed by Wobst for communication through the production of 
artifacts: the message may be transmitted in the absence of receptors; in this context the message 
changes more slowly and implies higher production costs, even though it requires less maintenance 
costs and may potentially reach a larger amount of receptors� Then, intentional modification of the 
landscape may have a very important role and, once a given space is effectively integrated within 
nets of mobility and circulation of material objects and information, they may be crucial to evaluate 
the interaction between populations (Belardi and Goñi 2006; Taçon 2008)�

Another aspect that we consider of interest is related to cultural transmission models, which have an 
important place in the landscape learning process (Rockman and Steele 2003), including the different 
resources necessary for the subsistence and reproduction of a society� Relating to the mid-range level 
mentioned above, this shows a connection with optimal foraging models of behaviourial ecology 
and with dual-inheritance theory (Richerson and Boyd 2005; Bettinger 2008; Shennan 2009)� As 
Bettinger (2008: 1-2) suggests, the combination of these different perspectives allows to place the 
analysis of cultural change in a frame that evaluates the information available in a system, limiting 
the extent of the assumption of complete information availability in the level of the individual (a 
basic point in optimal foraging models)� This knowledge of the landscape has an influence on later 
occupations and creates restrictions to adaptability, being its evaluation possible by means of the 
study of archaeological landscapes�

Evolution and Temporal Trajectories

The diachronic assessment of archaeological landscapes is a key issue� Temporal trajactories in the 
expression of several proxies provide the basis to discuss cultural change that may or may not be 
adaptive for human populations (Borrero 1993a)� A first step is to discriminate the existence of 
“differential positioning of systems” (Binford 1983) as regards intrinsic change within them� In this 
way, the best strategy is the integration of independent evidences that may be mutually contrasted� 
Regional space is the scale where these subjects should be evaluated by the analysis of variables like 
intensity and redundance of use, which are meassurable distributionally on the basis of deposition 
rates (Borrero 1993b; Belardi 2005; Barberena 2008; Hiscock 2008) that provide an estimate of the 
hierarchy in the use of space� The continuities-discontinuities in landscape use are directly related to 
these concepts because of the need of new instances of environmental learning� 
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To evaluate the precedent situations, several scenarios where rock-art representations are included 
at the artifactual level may be modelled� We may think of a situation in which there is continuity 
or change in the human use of a space by a given population or, on the other hand, where there is a 
discontinuity at a population level (Figure 2)� Thus, case 1 represents a space occupied by the same 
population and under the same form of use through time� This might be seen as a form of persistence 
or stasis� In case 2, change takes place at the level of human populations, even though the form of 
use of space is similar, which may happen under conditions of environmental stability� Change in 
the use of space but not in the population level takes place in case 3� In this case, variation should 
be observed in the archeological record and is clearly a configurational change in a given human 
system� Lastly, in case 4, change takes place in both the population level and in the the form of 
use of the space� Here, environmental conditions and the economic and political organization of 
the populations involved may have varied� This simple grid provides a frame for the evaluation of 
temporal discontinuities with a probable demographic base (Barrientos 2009; Martínez 2008-2009; 
see also Zeanah and Simms 1999)� At the same time, it allows to advance in the analysis of artifactual 
changes� In the case of rock-art evidences, changes in the density and diversity of motifs and designs, 
manufacture techniques and bedrock employed can be monitored�         

                          Patterns in hunter gatherer space use
Population Same Different
Same Case1 Case 3
Different Case 2 Case 4

Figure 2. Diachronic relationships between populations and archaeological landscapes for a 
hypothetical space.

These aspects may be evaluated on the basis of human remains, artifactual distributions and radiocarbon 
datasets, and necessarily considering paleoenvironmental information� On the basis of variables 
like continuity vs� discontinuity, regional histories may be contrasted� The rock-art archaeological 
evidence, as any other, may be then studied from this perspective� Even if it is difficult to assign 
chronologies to rock-art motifs, this is possible� The record of overlapping of motifs and techniques, 
together with the identification of different degrees of tonal series and/or varnish, provide a first 
approach (Re et al� 2005)� Besides, as we have already emphasized, the convergence of different 
lines of evidence provides an integrative frame to assess these issues�

                                                                   
Archaeological cases

On the basis of published information, we compare in an exploratory frame data about the distribution 
of rock-art motifs in two regions from southern and northern Patagonia respectively (Figure 1)� These 
evidences are referred to a biogeographical scheme with emphasis on cultural transmission processes 
and niche construction� The potential of rock-art evidences has been recently explored considering 
a geographical framework and proposing demographic inferences (Belardi and Goñi 2006; Fiore 
2006a, 2006b; Muscio 2006; Re et al� 2009)� We follow the distributional perspective, considering 
the artifact as the analytical unit (Foley 1981; Borrero 1993a); this is also valid for rock-art motifs 
(Aschero 1988)� 

Both regional cases show different degrees of advance� In the case from southern Patagonia, centered 
on the Strobel plateau, most of the data has been generated from a perspective that is similar to the 
one proposed here, highlighting the fertility of this theoretical approach� On the contrary, in northern 
Neuquén there is important information available, although it was generated from other perspectives, 
emphasizing regional culture-history issues (however, see Hajduk and Cúneo 2009, for a recent 
contribution emphasizing human geographic organization)� 
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Strobel lake plateau

Strobel lake plateau (900 masl�) is placed in northwestern Santa Cruz province (Figure 3)� A model 
that explains the distribution and diversity of rock-art engraved motifs in terms of the regional and 
supra-regional demographic dynamics during the late Holocene has been developed (Belardi and 
Goñi 2002, 2006; Goñi et al� 2007; Re et al� 2009)� Differences have been noticed in terms of the 
distribution of engraved motifs in this plateau vs� painted motifs on Cardiel lake low altitude basin 
-placed right to the south of the plateau- which, together with technological evidence, were related 
to the differential use given to these spaces by hunter-gatherer populations� On the other hand, the 
high frequency and diversity of engraved motifs (geometrical and figuratives) on the Strobel plateau 
contrasts with other areas of central western Santa Cruz, where a lower density and diversity of 
designs for the late Holocene is found (Goñi et al� 2007; Re et al� 2009; see also Carden 2009)� This has 
been the basis on which we propose the existence of population convergence on the Strobel plateau� 
Environmental conditions provide ecological support to the model: its location at the convergence 
of natural circulation paths, its seasonal pattern of use -concentrated in summer-, the availability 
of young guanacos as well as other fauna, and the availability of water and shelter provided by 
lagoons framed by basaltic walls� This matches with certain regional archaeological properties, like 
the equipment of space -shown by the high frequency of hunting blinds-, the preeminence of hunting 
activities also related to the high frequency of arrowheads and the emphasis on obsidian use as a raw 
material for lithic artifacts� It is worth mentioning that this raw material comes from the Pampa del 
Asador, located 40 km northwards (Espinosa and Goñi 1999; Stern 1999; Belardi et al� 2006)� 

Figure 3. Archaeological sites in the Strobel Plateau.
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The high frequency and diversity of motifs on the Strobel plateau may be interpreted as an evidence 
of communication, like a form of intentional transmission of information� In conjunction with other 
intentional modifications of the landscape, like the hunting blinds, and with unintended changes, like 
the surface concentrations of lithic materials, would have been part of the regional niche construction 
by human populations during the late Holocene�

The study of rock-art representations suggests different temporal instances in the occupation of the 
Strobel plateau (Figure 4)� A first moment has been proposed which could have its initial stage during 
the mid-Holocene, characterized as an exploration stage� It is mainly represented by guanaco motifs 
with designs in which their bellies stand out, made by scraping and/or incision (Re 2009) (Figure 4)� 
They have a differencial distribution, with a higher density on its southern part� During later times 
(at the late Holocene according to radiocarbonic datings), a larger amount and diversity of motifs is 
recorded (abstract: circles, halfcircles, lines; zoomorphic: guanacos, matuastos (lizard) and piches 
(armadillo) silhouettes, and feline, bird and guanaco tracks; and antropomorphic: complete figures, 
footprints and hands) (Figure 4)� These are found widely and more or less homogeneously distributed 
across the plateau (Re and Guichon 2009) (Figures 3 and 4)� According to varnish patterns and 
overlappings, temporal tendencies would also exist within this moment� It is for this time that we 
have proposed the population convergence hypothesis mentioned above (Belardi and Goñi 2006; 
Goñi et al� 2007), which may be understood as a definitive colonization of this space� 

It has been suggested that during XVIth and XVIIth centuries, after the first contact with European 
populations, rock-art would still be performed, adding new designs to this repertoire (horse’s 
silhouettes and tracks and human figures with crosses) (Re et al� 2009)� Lastly, during the XVIIIth 
and XIXth centuries, rock-art would not be performed, due to changes in mobility and extensive use 
of the plateau and ultimately its subsequent abandonment (Re et al� 2009)� 

Given the tendencies identified on the basis of the analysis of rock-art representations, it is suggested 
that the occupations on the Strobel plateau would correspond to Cases 3 or 4 of Figure 2, as we have 
verified temporal changes in the use of space that may or may not be associated to demographic 
changes� However, it is difficult to evaluate this issue archaeologically on the basis of the information 
available so far�

Figure 4. Rock-art motifs from the Strobel Plateau.
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Northern Neuquén

Neuquén province is located in the northern end of the Patagonia region (Figure 1)� A clear 
prevalence of engravings emplaced in open-air contexts has been recorded (Schobinger 1956, 1962-
1963; Fernández 1974-1976, 2000[1979]; Hajduk and Cúneo 2010)� With certain variations, these 
engravings are also found in the southernmost part of Mendoza province, located right to the north 
(Gradin 1997-1998; Schobinger 2002)� In the case of Neuquén, these engravings are associated with 
two main geographical features that run from north to south: the Cordillera del Viento and a segment 
of the Andes range� In fact, Hajduk and Cúneo (2010) suggest that the rock-art motifs are emplaced 
according with favored human circulation paths on a regional scale� Styllistically, the prevalence of 
abstract geometric motifs, assigned to the “paralelas” style by Menghin (1957), has been observed 
for this region (Fernández 2000[1979]) (Figure 5)� 

There are two patterns that become interesting here: firstly, the existence of a wide range of shared 
motifs in northern Neuquén and the Linares Range in Chile, for which the “Guaiquivilo” style has 
been defined (Niemeyer and Montané 1968; Fernández 2000 [1979]; Hajduk and Cúneo 2010)� 
Second, when these different regions are related we can verify a situation that is comparable to that 
described by Belardi and Goñi (2006) for the Strobel plateau: south central Chile includes the motifs 
that are characteristic of northern Neuquén as well as a wide variety of motifs that are not present 
there, but that have been found in different regions of Patagonia (quantitative analysis in Fernández 
2000[1979]: 69-74)� 

These observations of the authors mentioned are tentative and must be evaluated, even though they 
suggest a differential diversity of rock-art motifs among these adjacent regions� In a general level, the 
important aspect is that they may indicate an information circulation dynamics shared between spaces 
that have differences at the geographical and ecological level� A deeper analysis may contribute to 
identify geographical vectors of information circulation as well as temporal tendencies�

Conclusions

Both archaeological cases can be conceived as an instance of niche construction set up through the 
transmission of information, in which the information shared is loaded on different landscapes that 
are related at a supra-regional scale� In this geographical context of discussion, these spaces may be 
hierarchically arranged in terms of the place 

they occupy in human circulation webs� It is interesting to note that both cases contrast heavily in 
terms of environmental variation� If looked at a wide spatial scale, central western Santa Cruz can 
be seen as ecologically similar; on the other hand, northern Neuquén and central Chile present a 
great climatic and ecological contrast, strengthening the potential of complementarity in a relatively 
small spatial dimension (given that these two regions are ruled by climatic systems that work in 
a decoupled fashion; Garreaud et al� 2009; discussion in Neme et al� 2005)� As Whallon (2006) 
suggests, the spatial scale in which these contrasts are expressed may condition the level of cultural 
and biological interactions established�  

The similarity described for the Strobel plateau and northern Neuquén cases may have interesting 
demographical implications that may be contrasted in the future� The Strobel plateau is interpreted 
as functionally associated to spaces found in lower places� For this reason, it would be a functionally 
specific (or logistic) place associated at a demographical level to neighbouring spaces� In the Neuquén-
Chile case there is evidence that suggests, at least in a first instance, the existence of independent 
demographic nodes� We state that they would be comparable situations as regards the distribution 
of rock-art motifs, but that they would have a different background considering the distribution 
of demographic nodes� These conditions may suggest different information transmission processes 
dynamics� 
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The issue that we stress here is the fertility of the theoretical frame proposed to relate independent 
lines of evidence that express themselves in different scales� In this way the different distributions of 
rock-art motifs may be compared with those of other artifactual designs; lithic raw materials with a 
known procedence and stable isotopes in human samples� These lines of evidence present different 
spatial and temporal resolution, and are related to different dimensions of geographical organization 
of human societies; for which reason their integration contributes to a deeper understanding of the 
archaeological landscape�

The different branches and implications of Darwin’s thought have reached all academic disciplines 
(Lyman 2007)� The great virtue is the integration of disciplines and research fields that at first sight 
seem to be different� We hope to have shown an example of the relationship betwen niche construction 
theory, cultural transmission and archaeological landscapes and thus show the importance of 
considering a biogeographical frame as a mid range instance that allows to connect the material record 
with certain postulates of the evolutionary theory� This approach to the archaeological record allows 
to consider cultural change in wide spatial scales, related now, not only with environment variations, 
but to consider the people themselves as modifiers of it� This theoretical perspective provides the 
confidence of a strong theoretical anchoring and a clear concern for the empirical adequation of 
ideas� In a few words, this is another great legacy of Charles Darwin�      
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