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ABSTRACT

This thesis examines the causes and consequences of diversity in human 

language. It is divided into three sections, each of which addresses a different aspect 

of the topic.

The first section uses computer simulations to examine various mechanisms 

which may produce diversity in language: imperfect learning, geographical isolation, 

selection on the basis of social affiliation, and functional selection amongst linguistic 

variants. It is concluded that social and functional selection by speakers provide the 

main motive forces for the divergence of languages.

The second section examines the factors influencing the geographical 

distribution of languages in the world. By far the most important is the ecological 

regime in which people live. Seasonal climates produce large ethnolinguistic groups 

because people form large networks of exchange to mitigate the subsistence risk to 

which they are exposed. Non-seasonal, equatorial climates such as those of Papua New 

Guinea and Zaire produce numerous small ethnolinguistic groups, as reliable self- 

sufficiency is more easily achieved.

The relationship between linguistic diversity and the modem economy is also 

investigated. Some support is found for the Fishman-Fool hypothesis which states that 

linguistic diversity is negatively related to economic well-being.

The third section deals with diversity in linguistic structure, concentrating on 

the sound system. It is argued that the size of the phonological inventory and the 

vowel/consonant ratio are the result of trade-offs between competing articulatory and 

perceptual motivations. This hypothesis is supported by an analysis of word-1 ength in 

twelve West African languages. It is further hypothesised that different societal 

contexts might favour different balances between the two motivations, with languages 

used over a wide area tending towards simple inventories and long words. This 

prediction is borne out for West Africa, though it does not seem to hold at a global 

level.
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- CHAPTER 1 -
INTRODUCTION

The diversity of languages, as they have been developed and adapted, is a 
patent fact of life that cries out for theoretical attention (Hymes 1971:viii)

1.1 Preamble

This thesis is an investigation of linguistic diversity. It consists of three 

interlocking parts, each of which approaches a different aspect of the phenomenon. The 

objective of each section can be more or less summed up by a single question. The 

first section, chapter 2, is guided by the question, 'Why should there be diversity in 

language at all?'. The second section (chapters 3 and 4) asks the question 'Why should 

there be more diversity in some areas of the world than in others?'. The third question, 

broached in chapters 5 and 6, is 'Why should languages differ in their structure?'.

These are questions of a very general nature, and I approach them at a 

macroscopic level. Attempting such a broad remit in a single swoop may appear to 

exceed the bounds of good sense, especially to theoretical linguists, who tend to "be 

suspicious of questions beginning with the word 'why', regarding them as a relic of 

childhood which mature scientists should have learned to put behind them" (Sampson 

1980:166). In my defence, I would argue that asking very general questions is one 

valid strategy in the pursuit of knowledge.

Science does not proceed by a steady accumulation of facts. It is rather an 

intermittent sequence, consisting alternately of the setting out of broad frameworks for 

understanding phenomena, and the execution of extremely detailed empirical studies 

which may show those frameworks to be inadequate. There is surprisingly little 

contemporary literature on the reasons for linguistic diversity, and so this thesis is 

intended in the broad theory-generating mould.

The present work cannot answer the three questions exhaustively, or even come 

close. It aims instead to clarify the main factors involved, and the kinds o f answers we 

would expect where as yet we have none. More detailed studies of individual 

languages and individual communities will be needed to put some flesh on the bones 

discussed here. Without having some bones first, however, you can do nothing with
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flesh except leave it in a heap. I therefore apologise to anthropologists for the broad 

generalisations and simplifications made in chapters 3 and 4, to phonologists for the 

simplistic view of linguistic structure in chapters 5 and 6, and so on. One cannot 

simultaneously maximise precision and generality. The former is rather traded off 

against the latter. I have tried to retain sufficient precision for the results to be 

meaningful, by subjecting all the hypotheses put forward to rigorous quantitative tests. 

I have also used case studies from West Africa, to give more depth of coverage in a 

single region.

1.2 The need for an interdisciplinary approach

Linguistic diversity is a neglected topic. It falls through the gap between 

disciplines. Anthropologists and geographers tend to be mainly interested in language 

as a marker of social affiliation or historical origin, and so they are not much 

concerned with phoneme mergers or morphological reorganisation, which are 

undeniably the province of linguistics. Comparative linguistics deals with those 

processes, but makes no attempt to explain the social and geographical origins of 

diversity. Even in Nichols' (1992) path-breaking study, whose insights we shall be 

drawing on several times, the ultimate causes of diversity are relegated to 'external 

factors' which "cannot figure in a linguistic model, except as unknowns" (Nichols 

1992:209). The way in which the languages of the world have diverged thus never 

receives a unitary treatment. It follows that any attempt at one, including the present 

thesis, must be interdisciplinary in its scope.

Interdisciplinary approaches are only successful where they succeed in gaining 

an initial suspension of disbelief from their audiences. I have had difficulty doing this 

when presenting the material in this thesis over the last two years. Historical linguists 

complain that it purports to be about linguistic evolution, but there are no family trees, 

no cognates, no starred reconstructions. Synchronic linguists are suspicious o f my 

claim that there are explanatory approaches to language which are neither for nor 

against Chomskian formalism, but ask different kinds of questions. Social 

anthropologists are unnerved by the universalism and lack of reference to culture, 

which would be quite normal in a linguistics department. I therefore ask for a certain 

indulgence in being permitted to set up the questions I wish to tackle, to tackle them
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as far as I can without respect for any disciplinary boundaries or paradigmatic 

etiquette, and be judged on the results.

There are particularly firm boundaries around both linguistics and social 

anthropology, which I shall be crossing several times. The boundaries result from both 

disciplines operating a version of what I shall call the 'autonomy thesis'. The linguistic 

version of the autonomy thesis holds, more or less, that language exists as a structured 

system which is independent of other aspects of speakers' behaviour, and must be 

elucidated purely on its own terms. The anthropological version holds that culture, and 

thus the principles of social behaviour, constitute an autonomous system in the same 

way. As I shall be treading unorthodox paths by ignoring the autonomy thesis, it is 

worth examining its logic here at the outset.

The linguistic version of the autonomy thesis is primarily a product of 

Saussurean structuralism (Saussure 1916). Saussure's central insight was that linguistic 

entities interrelate in a highly systematic way, and can therefore be exactly defined 

with respect to each other (though not necessarily with respect to speakers' intentions 

or utterances). This much is quite valid and led to great increases in the precision of 

linguistic description. The successes of structuralism in establishing linguistics as an 

independent and rigorous discipline led to an orthodoxy amongst linguists which states 

that the structure of language, being an autonomous entity, is to be explained solely 

with reference to its own laws, which are not particularly related to anything outside 

language. Saussure (1916:324) concludes with the dictum which has become the 

central tenet of much linguistic theory: "the true and unique object of linguistics is 

language studied in and for itse lf.

The anthropological version of the autonomy thesis is a historical derivative of 

linguistic structuralism. Impressed by the clarity of the new synchronic linguistics, 

anthropologists tried to treat culture in a similarly self-contained way. The result was 

an intellectual climate in which anthropologists turned away from explanations of 

social organisation which reduced it to such utilitarian factors as economic necessity, 

or environmental or technological determinism. Instead, social behaviour was the 

product of culture, and culture was seen as sui generis, to be explained in terms of its 

own autonomous laws.

We must beware of a facile equivocation between description and explanation 

here. It may be true that linguistic or social structure must be described in their own
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terms, and cannot be ontologically reduced to system-external factors such as 

economics or general psychology. It does not follow that linguistic and social structure 

are to be explained without reference to external factors. Languages may be 

autonomous objects, but they are best viewed as objects of the third kind (Keller 

1994). That is, they are obviously not natural objects (objects of the first kind). Nor 

are they deliberate human productions (objects of the second kind), since people do 

not intentionally create their languages. They are not even aware of most of the rules 

they effortlessly use or the linguistic changes in which they participate. However, this 

does not mean that the history of a language has nothing to do with the behaviour of 

speakers. Languages are still the consequences of speakers' actions, just not the 

outcome of their intentions. The structure of language has emerged from the kind of 

messages speakers wish to convey and the kind of cognitive, perceptual and 

articulatory mechanisms they have to convey them, either by biological evolution, by 

cultural evolution, or more likely by some combination of the two. Precisely the same 

is true of social and cultural systems; they must ultimately be seen as emergent 

consequences of individual people's adaptive behaviour in different circumstances 

(Herrmann-Pillath 1994).

Saussure's dictum, and the autonomy thesis in general, should thus be treated 

with caution. If it is true that the object of linguistics, that which is to be explained, 

is language in and for itself, it does not follow that the explanation should only be in 

terms of language. Nor should the explanation of social phenomena be limited to 

cultural rules. We explain a structure by showing how it emerged from forces which 

are more basic and better understood. I will thus be linking facts about social 

organisation very directly to the economic necessity of procuring subsistence in 

different environments. This much is perhaps not very controversial. However, I also 

go further. I concur with Thomason and Kaufman (1988:4) that the history of a 

language should be treated as a function of the history of its speakers, and so, in 

chapters 5 and 6 ,1 try to relate some aspects of the structure of language to social and 

geographical factors. This experiment crosses the much better-enforced frontier 

between linguistic structure and the rest of human behaviour.

It should not, however, be seen as unduly heretical. Chomskian generative 

theory, which is an intellectual heir of Saussurean structuralism and shares both its 

preeminence and its adherence to the autonomy thesis, could be quite compatible with
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a more functional, non-autonomous perspective. It is in fact an advance on Saussure, 

for it has moved the locus of linguistic structure from an almost Platonic abstract 

entity to a system of knowledge in an individual's head (Chomsky 1986). This would 

appear to clear the way to seeing language as integrated with the speaker's general 

social and communicative behaviour. However, Chomskian practice draws an 

incredibly tight line between a speaker's knowledge of language and his or her 

knowledge of anything else (the modularity hypothesis [Fodor 1983]). The absolute 

distinction between language and behaviour has been reinvented as a barrier between 

different parts of the brain. Nonetheless, even if the modularity hypothesis should turn 

out to be right (and this is vigorously contested, for example by Hudson [1989, 1996]), 

this does not mean that languages are immune from the external influence. This is 

because the use of language in communicative and social behaviour influences what 

is retained and discarded in the system (Bever and Langendoen 1972; Hurford 1987). 

This position is explored further in chapters 2 and 5.

In this thesis, then, I try to connect the structure and history of languages with 

what speakers are doing, communicatively, socially, even spatially. Though I deal with 

both the structure and the use of language, I do not intend to deny that there is a 

distinction. I merely believe that use can influence the evolution of structure, just as 

the ever-present pressures of climate and economy influence sociocultural systems. 

Treating language and culture as autonomous has been important for the disciplines 

of anthropology and linguistics, both methodologically, as it has allowed exact and 

rigorous characterisations of the phenomena at hand, and sociologically, as it has 

allowed them to emerge as distinctive intellectual communities. Ultimately, however, 

too much autonomy leaves the two disciplines like the Danae sisters of classical Greek 

mythology, each of whom was condemned forever to pour water into her own separate 

and bottomless container'. Linguistic diversity is at once a structural, a social, and an 

economic phenomenon, and so, to paraphrase William Labov, only:

a set of propositions that relate general findings about language [diversity] to 

general properties of human beings or of human societies will... deserve to be 

called a theory of language [diversity] (Labov 1994: 5)

1. See Wolf (1982:11), the source of this metaphor, for this point made about the 
social sciences more generally.

17



1.3 Language and biology

If  the study of language diversity demands attention to ideas from several of 

the human sciences, the concrete inspiration for the present research comes from 

biology. A large part o f evolutionary biology is concerned with the evolution of many 

species from a single ancestor, and in Darwinism it has an extraordinarily powerful 

paradigm for explaining why this has occurred. The parallel with language evolution 

is obvious and is not accidental, as there was considerable cross-fertilization between 

linguistics and biology in Darwin's day (Sampson 1980). Darwin himself recognised 

it in The Descent o f  Man.

The parallel has a weak form, which states that both languages and species 

diverge by a process of descent with modification:

The formation of different languages and of distinct species, and the proof that 

both have been developed through a gradual process, are curiously parallel... 

Languages, like species, can be classed into groups under groups, either 

naturally according to descent, or artificially by other characters.

(Darwin 1871:465)

This is the insight behind the construction of family trees by historical linguists. 

However, the fact of descent with modification is not the most interesting aspect of 

the Darwinian picture. Darwin was revolutionary because he provided a mechanism 

- natural selection - which showed 'why modification occurs. It is natural selection 

which makes Darwinism explanatory. The parallel with language also has a stronger 

and much more interesting form, with an equivalent of natural selection, which Darwin 

also remarks on:

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 inherent virtue." (Darwin 1871:466)

In this view, just as the environment is constantly exercising selection on 

organisms, so that a multitude of different and adapted animals is produced, so 

speakers are constantly exercising selection on linguistic forms so that a multitude of
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different and adapted languages results.

The parallel between linguistic and biological evolution is a recurrent theme in 

this thesis. The idea that speakers perform some kind of selection on language is put 

forward in chapter 2 as the principle engine behind linguistic diversity, and it recurs 

in chapters 5 and 6, where the idea that different linguistic structures represent 

different solutions to competing selection pressures is explored. In chapters 3 and 4, 

it is found that linguistic diversity patterns with biological phenomena, and so it is 

argued that it represents an outcome of social adaptation by peoples to their ecological 

niche.

Evolutionary biology is not as successful as it is just because it has such a 

powerful explanatory paradigm at its heart. Its great progress is also due to the range 

and precision of methods it has deployed. This is another area where I have tried to 

leam from biology. Computer simulations of linguistic evolution are used in chapter

2. These are inspired by the simulations of evolutionary biology, and allow a much 

more discriminating evaluation of different hypotheses than would be possible by 

verbal argument alone. Chapter 5 uses evolutionary reasoning to develop hypotheses 

about language structure which can then be tested quantitatively. Chapters 3 and 4 

draw on techniques used by ecologists to quantify linguistic diversity and correlate it 

with aspects of the environment. The practice of quantitative hypothesis-testing, which 

is standard in the biological sciences, greatly increases the rate at which bad theories 

can be rejected, and thus speeds up the growth of knowledge. Using qualitative 

methods, which are the norm in linguistics and much of anthropology, it would be 

impossible to reach any firm conclusion about most of the hypotheses put forward 

here. The methodological debt I have to biology is perhaps the most important one.

1.4 Organisation of the thesis

This thesis has no separate literature review or methods chapter. Each of the 

three sections draws on a slightly different literature, which is reviewed at the 

appropriate spot. Methods are explained where they are first used. The second and 

third sections start with case studies from West Africa (chapters 3 and 5), and then try 

to generalise the results to other areas and related issues (chapters 4 and 6). Brief 

conclusions are given in chapter 7.
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- CHAPTER 2 -
THE MECHANICS OF LINGUISTIC DIVERSITY

2.1 Introduction

Any theorising on the nature of human language has to come to terms with the 

fact that it is noticeably different in different parts of the world. To earlier generations 

o f linguists, this seemed to be a quite natural state of affairs. For Sapir, for example, 

language was:

a human activity that varies without assignable limit , from social group to 

social group, because it is a purely historical heritage of the group, the product 

of long-continued social usage. It varies as all creative effort varies - not as 

consciously, perhaps, but none the less as truly as do the religions, the beliefs, 

the customs, and the arts of different peoples. Walking is an organic, an 

instinctive function ...speech is anon-instinctive, acquired, "cultural" function. 

(Sapir 1921/1970:4)

Purely cultural inventions, like legal systems and currencies, are of course different 

across different cultures, as they have been developed separately under different 

conditions. However, for modem linguistics:

language is no more of a cultural invention than is upright posture.. .Instead, 

it is a distinct piece of the biological makeup of our brains. (Pinker 1994:18)

This shift of perspective, away from a conception of language as a product of cultural 

conditioning and towards a conception of it as a mental structure with universal 

underlying principles of organisation, of natural origin and presumably a product of 

evolution, is very liberating. This is because it allows us to ask some very general 

questions about why the language faculty should have come to be the way it is (an 

opportunity which the founder of modem linguistics, Noam Chomsky, is often 

curiously reluctant to take up [Hurford 1991a; Gazzaniga 1992:72]). Thus, Hurford 

(19916) has used evolutionary reasoning to approach the question of why there should 

be a critical period for language acquisition, and Newmeyer (1993) has suggested that 

the autonomous design of grammar is an evolutionary response to the conflicting 

demands of speakers and hearers in communication.
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Now if the language faculty is a general biological attribute of our species, 

local diversity is a puzzling phenomenon, for two reasons. Firstly, the mechanisms of 

language learning and structure are presumably identical in all human populations. It 

is in virtue of this that any child growing up in any culture can acquire the relevant 

language so quickly and effortlessly. This makes it rather anomalous that there should 

be differences between the final linguistic systems of the Asmat, the Asmara and the 

Awtuw. We might expect differences in vocabulary reflecting differences in lifestyle 

and material culture, just as blacksmiths and carpenters have different sets of terms 

specific to their activities. What we would not particularly expect, but do in fact find, 

are phonetic, phonological, and grammatical differences which seem entirely 

unmotivated by differences in situation. Secondly, mitochondrial DNA evidence 

suggests that the entire human species is descended from a very small ancestral 

population which lived a mere 200,000 years, or 13,000 generations ago (Stoneking 

1994). This, coupled with the fact that almost all of the 6000 plus extant human 

languages can be grouped into a mere couple of dozen phyla (Ruhlen 1987), strongly 

suggests that the history of language is one of explosive diversification from a single 

origin. We know that the human population, after remaining quite small for most of 

its history, eventually managed to grow dramatically, expanding its ranges to cover 

more and more of the globe (Harpending et al. 1993; Stoneking 1994), but it is not 

obvious why the languages thus spread should have diversified from each other.

In this chapter, 1 consider some of the mechanisms which have been proposed 

to account for the relentless diversification of language. These are imperfect learning, 

geographical isolation, social selection and functional selection. The different 

mechanisms may all be important and they no doubt work in concert. The first is of 

a somewhat different kind than the other three. Imperfect learning is a source of 

linguistic variation. Geographical isolation, social selection and functional selection are 

all amplifiers which, over time, turn that variation into distinct languages. In the next 

section (2.2), 1 explain the different factors and try to generate questions about their 

functioning and relative importance. 1 then use computer simulations (section 2.3) to 

try to answer these questions. 1 am concerned primarily with diversification in 

grammatical and phonological norms; individual word-forms undergo a slightly 

different type of evolution which 1 discuss briefly in section 2.4.
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2.2 Mechanisms of linguistic diversification

2.2.1 Imperfect learning

The fact that languages differ is of course only made possible by the fact that 

they are learned. If  all aspects of language were innate, then there could be diversity 

in language only in so far as there was diversity in DNA between populations. It is not 

absurd to suggest that language might have been entirely innate. In fact, if  we follow 

Pinker (1994:19) in viewing language as as much a part of our biology as the 

écholocation system of the bat is a part of its biology, then the fact that any part of 

language is learned stands in need of explanation.

A distinction is made in formal linguistics between Universal Grammar, the set 

of principles for making linguistic structures which is innately represented in the mind 

and which all children bring with them to the process of language acquisition, and a 

language-specific learned component. Depending upon the precise form of the theory 

adopted, this component consists of the lexicon (that is, the store of individual words, 

their associations and forms), plus some grammatical parameters, rules or ordering of 

rules. The division of labour between the lexicon and the grammar differs radically 

from theory to theory and between successive versions of the standard Chomskian 

theory (compare e.g. Chomsky [1965], Chomsky [1970] and Chomsky [1995]). These 

differences need not concern us here. All theories agree that a large portion of 

linguistic knowledge, much of it about particular words, but also concerning grammar, 

is not innate and must be filled in by some kind of learning mechanism.

In their classic statement of the 'biological' approach to language. Pinker and 

Bloom (1990) do address the question of why this should be the case. They provide 

three reasons why there should be a learned component.

Firstly, to represent a complete language genetically might consume excessive 

genotypic space. Secondly, as the language faculty must be expected to change by 

genetic drift, an individual with an innate language might fall out of kilter with his 

peers. It would thus be advantageous to have a code with developmental flexibility to 

home in on that spoken in the group. Thirdly, as Hinton and Nowlan (1987) find, once 

most of a trait is determined genetically, selective pressure to represent the rest in the 

genotype declines, because learning can be relied on to fill it in. There is thus no 

advantage to mutations which provide further innate knowledge of language.
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These three reasons may well account for our initial reliance on learning in 

language. They do not, however, constitute an explanation of diversification. Pinker 

(1994:242-259) attempts to extend them to do this. Language transmission, he argues, 

is not perfect, but incorporates some random variation or noise. Sub-populations 

become isolated from each other, and as the noise accumulates through the 

generations, the languages drift apart until they are mutually unintelligible. This style 

of argument goes back at least to Hermann Paul (1880) and can be found repeatedly 

in literature on language change (see e.g. Sturtevant 1917; King 1969, Andersen 1978) 

The source of the noise is usually held to be imperfect learning:

If languages were learnt perfectly by the children of each generation, then 

languages would not change... The changes in languages are simply slight 

mistakes, which in the course of the generations completely alter the character 

of the language. (Henry Sweet, quoted in Aitchison 1991:165)

Despite the enduring popularity of this theory, there are well-known problems 

associated with it.

Let us assume that individuals have evolved to leam language from their peers 

solely for the three reasons given by Pinker and Bloom (1990) - because it would be 

difficult and unnecessary for language to be transmitted genetically, and so that they 

can stay in kilter with the language of their community. It is reasonable to assume as 

a consequence of this that during language acquisition they will home in as accurately 

as possible on the speech going on around them. The optimum learning strategy for 

them would therefore be some kind of error-minimising procedure - that is, an 

algorithm for minimising the discrepancy between their output and their linguistic 

input. Any procedure of this kind would lead to them learning a statistical composite 

of all the different speech varieties they encountered in their social group. For drift to 

be possible, we must further assume that the learning process is not perfect, and so the 

learner's dialect ends up containing some small random innovations. The learner might 

use these idiosyncrasies in speech all his or her life. However, the next generation of 

learners, by producing a statistical composite of the speech varieties going on around 

them, would tend to wipe out all the low-frequency idiosyncrasies in the input.

In the case of quantitative phonetic variables, random changes in individuals' 

speech would tend to be mutually cancelling at the level of the population linguistic
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norm. This is the averaging problem: on average, random changes in continuous 

linguistic variables sum to zero, leading to no change. Sapir makes this point very 

clearly:

The explanation of primary dialectic differences is still to seek... If  all the 

individual variations within a dialect are being constantly levelled out to the 

dialect norm... why should we have dialect differences at all? Ought not the 

individual variations of each locality, even in the absence of intercourse 

between them, to cancel out to the same accepted speech average?

(Sapir 1921/1970:149-150)

In the case of discrete variables, innovations, arising initially in one individual, 

would be too rare to get a foothold, as the next generation would adopt the most 

common variant in their speech community. This is the threshold problem, the only 

way for a change to be actuated in a population would be for a large proportion of the 

adult models in the group to simultaneously adopt it, which, if variation arises through 

randomly imperfect learning, is vanishingly unlikely. Otherwise it will initially be too 

rare to get adopted. Even if sub-populations became isolated from each other, 

divergence might never occur, as each new learner's 'averaging' of the language input 

would return it, on average, to its initial state.

It is difficult to assess the importance of the averaging and threshold problems. 

It is clear that if language change is caused simply by noise, the ultimate expectation 

is that all changes should cancel each other out. However, if the level of stochastic 

noise is high enough, it may be sufficient to cause permanent instability in language 

norms under certain conditions of population size and structure. Furthermore, noise- 

induced variation may be augmented by the social and functional processes discussed 

below. I will therefore treat the extent to which noisy learning may produce language 

diversity as an empirical question to be addressed through the computer simulations 

in section 2.3.

Even if noise in learning were found to be a sufficient condition for the 

evolution of linguistic diversity, there would be further questions to answer. There 

seems to be no reason why evolution could not produce a perfect mechanism for 

learning language. Furthermore, there is no good evidence that learning which takes 

place during the critical period for language acquisition is imperfect. There must be 

some source of linguistic variation in order for languages to change. That source may
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actually be found in the demands of linguistic performance, or in socially-motivated 

accommodation and discommodation rather than imperfect learning, as I shall argue 

in the conclusion of this chapter (section 2.4).

2.2.2 Geographical Isolation

Small amounts of random noise do not immediately make different languages. 

There must also be processes which amplify that variation. The sole amplifier which 

Pinker (1994:242-259) discusses is geographical isolation. Because groups are isolated, 

the random innovations which arise in one location are not transmitted to any others, 

and so over time the languages drift further and further apart. There is no question that 

if  the threshold and averaging problems are overcome and imperfect learning produces 

random change in language, then given geographical isolation, languages will diverge. 

However, it is debatable whether groups whose languages diverge are always in fact 

geographically isolated. If this is not the case, then we will have to consider how much 

inter-group contact is compatible with linguistic diversification, and whether other 

processes must augment simple isolation as an amplifier.

Anthropological theory has also tended to assume that every society or culture 

was traditionally isolated from its neighbours (Wolf 1992). This is partly a product of 

ethnographic practice: an ethnographer typically learns one language, lives in one spot, 

and attempts to exhaustively detail the internal dynamics of one society. It also stems 

from theoretical convenience, as it allows each society to be treated as an independent 

and self-sufficient instance of how a culture can be organised. The San Bushmen of 

Southern Africa, most famously, were assumed to have a transhistorical, pure hunter- 

gatherer socio-cultural system which was in some sense a model of all early human 

society.

The last two decades has seen a change in opinion on this subject, and many 

anthropologists now question "the notion that humankind is divisible into discrete 

parcels" (Lewis 1991:605). Studies of ethnicity have stressed how individuals may 

have several ethnolinguistic models available to them and switch between them 

according to their circumstances - sometimes even within one sentence (Patterson 

1975; Otite 1990; Myers-Scotton 1993). At a more macroscopic scale, it is now argued 

that the San have formed part of regional exchange systems with Bantu farmers for 

hundreds of years (Headland and Reid 1989; Solway and Lee 1990; Shott 1992 and
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dozens of references therein). This affects not just their economy, but their whole 

cultural system (Jolly 1996), but has not led to them losing their ethnolinguistic 

distinctiveness. Again and again, where anthropologists have reexamined the history 

of small-scale societies, they have found not geographical isolation, but a history of 

contact, exchange, and mutual influence. The case is argued in detail for West Africa 

in chapter 3. Another very relevant example for the present argument comes from New 

Guinea, the most linguistically diverse island in the world with over a thousand 

indigenous languages. Roberts, Moore and Romney (1995) find that at least as much 

of the distribution o f material culture is explained by inter-group diffusion as is 

explained by intra-group contacts. Furthermore, Foley (1986; chapter 7) finds evidence 

o f massive diffusion and borrowing between New Guinea languages. This is hardly a 

picture of geographical isolation, and an explanation of the great linguistic diversity 

will have to look elsewhere, as Hays (1993:148) concludes:

Put simply, the "ethnic groups" of "the [New Guinea] Highlands", "fringe", and 

"Lowlands" have long been engaged in numerous and wide-ranging networks 

of interaction, but the result has not been homogeneity or uniformity. Why not? 

....Of course, constraints imposed by the environment, climate and disease may 

be part of the answer as far as some traits... are concerned... but what about the 

rest? If it is people as much as "Nature" that create, maintain, or ignore 

boundaries, we need to know how and why.

For examples of similar conclusions for other regions, see, on Asia: Hoffman (1984), 

Abu-Lughod (1989); on the Pacific: Kirch (1991); on Amazonia: Meggers (1982). 

Barth sums up the situation well in his famous work on ethnicity:

..it is clear that [ethnic] boundaries persist despite a flow of personnel across 

them. In other words, categorical ethnic distinctions do not depend on an 

absence of mobility, contact and information, but do entail social processes of 

exclusion and incorporation whereby discrete categories are maintained despite 

changing participation and membership in the course of individual life histories 

(Barth 1969:9-10)

This anthropological revisionism squares well with what we know from 

sociolinguistics, which has been largely concerned with urban situations and industrial

26



societies. Sociolinguistics has shown that considerable stable linguistic diversity can 

persist within a single society, and that diversity does not necessarily lessen if 

increased access to standard variants is given to non-standard speakers. Black English 

dialects in Philadelphia, for example, are diverging from standard US English despite 

four to eight hours o f exposure per day through school and television (Labov, cited in 

Chambers, 1995). Increasing contact between two varieties may even speed their 

divergence (Labov 1972), because as well as shifting their speech towards those with 

whom they interact, speakers may shift it away if the circumstances of contact are 

unfavourable (Bourhis and Giles 1977).

The lesson of these empirical findings is as follows. Whilst geographical 

isolation may lead to diversity in language, there are cases where diversity is produced 

and maintained in its absence. This would appear to be problematic for Tinker's simple 

account, since if there is no isolation, then random changes arising in one group (if 

adopted at all) will spread to all the others, and no diversification will occur. There are 

two non mutually-exclusive explanations for diversification despite inter-group contact.

On the one hand, it may be that partial isolation is sufficient. The interaction 

between New Guinea tribes is presumably much less frequent on a day-to-day basis 

than the contact within the tribe. The question is how much less it has to be for inter

tribe linguistic diversity to be maintained. If 10%, or 20%, or 50% of all social 

encounters are across an ethnolinguistic boundary, can that boundary be maintained? 

I will attempt to use computer simulations to address such questions.

On the other hand, other mechanisms which amplify linguistic variation may 

be more important where geographical isolation is lacking. In the next two sections, 

I consider two such mechanisms. Both of them rely on the idea that the learner, rather 

than sampling all the linguistic input available to them, performs some kind of 

selection on what will contribute to their own linguistic norms. This selection might 

work in two ways. Firstly it might be done on the basis of the social value of 

particular variants. Secondly, it might be done on the basis of their functional or 

communicational value. I will consider each of these in turn.

2.2.3 Social selection

The idea of social selection is, briefly, that the learner does not just pick up all 

the linguistic activity going on around him or her, but instead homes in specifically
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on that of a target group. Social selection has, interestingly, been shown to occur in 

the acquisition of song by songbirds (Beecher, Campbell and Stoddard 1994). Bird 

song shows 'dialectal' diversity which is in some ways intriguingly like that found in 

human language. A young male song sparrow will preferentially acquire the songs of 

other males who have successfully established a territory in the neighbourhood. The 

learner will ultimately need to establish a territory in this area himself in order to 

reproduce, and may gain by sounding like the previously successful males on the same 

site. Selecting the type of song to learn is thus directly related to his life opportunities.

A case can be made for the proposition that social selection occurs in human 

language. Saussure (1916) and Sapir (1921/1970) had prefigured the idea with their 

appeals to Vesprit de clocher or localism as centrifugal forces in language. Labov's 

(1963) classic account of dialects in Martha's Vineyard, a small island off the coast of 

the north-eastern United States, was perhaps the first sociolinguistic study to provide 

quantitative and unambiguous evidence. The island has a resident population, and a 

large transient population of holidaymakers. The tourists have such an impact locally 

that it cannot be argued that residents have no access to standard American English. 

However, local phonological peculiarities still persist. What Labov showed was that 

the strength of an individual's adoption of the local accent markers correlated with his 

attitude towards the two groups. The more Labov's subjects resented the outsiders, and 

felt that their lot lay with traditional island life, the more strongly they adopted the 

local accent. On the other hand, the more they felt that outsiders enriched the 

possibilities of life, the more standard was their speech. This seems to be a clear case 

where different speech models are available, and learners are choosing the one to adopt 

on the basis of how they see their future social alliances. Numerous subsequent 

sociolinguistic studies have confirmed this result (see, for example. Chambers 1995, 

chapter 2).

These results have led to the formulation of a general model of language 

acquisition based on social selection by LePage (1968:192):

Each individual creates the systems for his verbal behaviour so that they shall 

resemble those of the group or groups with which from time to time he may 

wish to be identified, to the extent that

(a) he can identify the groups,

(b) he has the opportunity and ability to observe and analyse their
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behavioural systems,

(c) his motivation is sufficiently strong to impel him to choose, and to 

adapt his behaviour accordingly,

(d) he is still able to adapt his behaviour.

LePage's social model relies on an inherent source of variation in language on 

which social selection can operate, but given that, it seems to provide a mechanism for 

the maintenance of diversity even in the absence of geographical isolation, as the 

learner actively chooses certain models out of all those available. A key issue for the 

computer simulation will therefore be whether a social selection mechanism makes 

linguistic divergence more rapid or robust. The four conditions provided by LePage 

are important and will be worked into the design of the simulation.

2.2.4 Functional Selection

The final mechanism by which diversification may be produced in language is 

what I shall call functional selection. This mechanism is discussed in much more detail 

in chapter 5, and so I shall only present it in brief outline here. Functional selection 

again relies on inherent variation in language. The learner has access to a range of 

different variants, not just because he or she is normally exposed to numerous 

individuals, but also because the performance of any one individual is variable over 

time. The probability of adoption of those different variants may not be equal. Through 

social selection, as outlined above, some may be associated with more influential 

speakers than others, but there may also be inherent reasons for preferring one to 

another. To give some examples, phonological distinctions which are hard to hear may 

not be reliably picked up by the learner. This prevents languages ever developing an 

infinite number of phonological contrasts. Grammatical structures which generate 

sentences which are hard to parse or remember are unlikely to be learned. Where there 

are two variant forms of the same word, that which is easiest to pronounce is 

presumably more likely to be adopted, due to the general least-cost principles of motor 

learning (Lindblom 1990). This kind of unconscious selection between available 

variants by learners gives a powerful mechanism for language change, just as natural 

selection gives biological form a powerful mechanism for change. The biological and 

linguistic processes are analogous in that they both lead to adaptation; organisms
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become better and better fitted to their environment, and languages become more and 

more efficient at being learned and used by speakers. As I mentioned in chapter 1, 

section 1.3, the linguist Max Müller recognised this parallel between language change 

and evolution soon after the publication of Darwin's Origin o f  the Species in 1859. 

Hermann Paul, too, invoked a process of functional selection as an agent for linguistic 

change:

In the development of language customs, function plays the same role as that 

which Darwin attributed to it in organic nature: the greater or lesser usefulness 

of the resulting patterns is decisive for their preservation or extinction.

(Paul 1880: 32)

There are interesting explanatory approaches to comparative and historical 

linguistics based on the notion of functional evolution, which we will examine in more 

detail in chapter 5. Here it is necessary to consider just how functional selection could 

lead to diversity in language.

I have argued that selection between different linguistic variants takes place in 

the basis of how well they fit with human articulatory, acoustic and cognitive 

mechanisms. One can easily see how these mechanisms could favour the adoption of 

one kind of structure rather than another; for example prefixes rather than suffixes 

(Cutler, Hawkins and Gilligan 1985), or plain rather than glottalised stop consonants 

(Lindblom and Maddieson 1988). However, such changes seem to be singular events; 

once prefixing and plain consonants had evolved, there would be no further change as 

they are the optimal structures. Furthermore, as the human speech mechanisms are 

presumably the same all over the world, all languages should converge on the same 

functionally optimal state, which is precisely the opposite of what we have said about 

diversification.

This conclusion is not inescapable, however. There are two ways in which the 

existence of functional selection could be compatible with the observation of diversity.

Firstly, languages do not differ without limit. It could be the case that only 

certain very fundamental structures which do not differ much from language to 

language are under strong functional selection. More superficial developments, such 

as individual word-forms and phonetic realisations, may be relatively functionally 

neutral and free to vary by random drift or social selection from language to language.
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Secondly, and more importantly, we need to consider that functional evolution 

does not occur along a single dimension. Ease of articulation, ease of perception, 

memory load, and ease of learning represent a set of competing motivations which 

govern the evolution of particular languages (Haiman 1983)’. In the space defined by 

these factors, there are no doubt many local optima into which languages may settle, 

and language diversity can be seen as the exploitation of these different niches. There 

are no doubt local optima where languages use case-marking and free word order, and 

others where languages use word-order conventions and no morphology, and it is well 

known that evolutionary processes can 'get stuck' in local basins of attraction, even if 

they are globally sub-optimal, because the changes which would lead to getting out 

would lead to a temporary diminution of fitness.

However, the question remains of how diversification occurs under functional 

selection. There seem to be two ways that this might happen. Firstly, a combination 

of noise and geographical isolation could combine with functional selection. If, within 

isolated sub-groups, a change in some structure occurs through random noise, this 

could move the language into a new basin of attraction on some functional dimension, 

and unleash a suite of further changes. For example, a language with rich case marking 

could undergo a phonological change which merges the two phonemes which happen 

to distinguish the endings of the two key cases. The language could then go into a 

rapid succession of changes familiar from many European languages and involving 

increasingly fixed word-order, the gradual loss of residual case endings, the evolution 

of new constructions exploiting word-order, etc. As long as populations are isolated, 

functional selection with competing motivations thus gives a mechanism whereby a 

relatively minor initial change can be amplified into a complete typological 

reconfiguration of the language over many years. Sapir recognised the power of this 

kind of process:

Languages can change at so many points of phonetics, morphology, and 

vocabulary that it is not surprising that once the linguistic community is broken 

it should slip off in different directions. If once the speech of a locality has

1. The term 'motivation' is somewhat unfortunate as it has teleological overtones and 
implies consciousness on the part of the language user. Neither of these implications 
is desired; by motivation I merely mean a factor related to language use which may 
influence the evolution of structure. The term has, however, become standard in the 
literature and so I continue to use it here.
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begun to drift on its own account, it is practically certain to move further and 

further away from its linguistic fellows. (Sapir 1921/1970:152)

This is primarily a mechanism for turning small differences between languages into 

large ones. It relies on a preexisiting small difference, which must be supplied by some 

source of variation, and also on geographical or social isolation. It could thus only 

function as a supplement to other processes.

Secondly, it might be the case that the different motivations affecting the 

adoption of linguistic forms have different values in different linguistic contexts. The 

linguistic fitness of the phoneme /e/ obviously depends which other phonemes the 

language in question already has - if  it has /e/ and /æ/, /e/ may have trouble being 

distinguished and reproduced. Kirby (1995) uses this kind of argument in his computer 

simulation of the evolution of relativisation strategies. Kirby shows that the influence 

of ease of parsing (p-complexity) tends to reduce the range of relativisations possible 

in a language. However, a preference for morphological simplicity (m-complexity) in 

sentences tends to increase the possible options. The values of these two motivations 

can be varied within the simulation. As long as they are the same for all individuals, 

the result is homogeneity, with the relativisation strategies permitted determined by the 

relative values of p-complexity and m-complexity. Only where Kirby allows the values 

of these two variables to vary, both in time and between individuals, do we see 

divergence, constant change, and stable diversity. We might reasonably ask why one 

population should value morphological simplicity more highly, or syntactic complexity 

more highly, than another. Kirby's answer (1995:10-11) is that the value o f different 

types of relativisation is affected by what is going on elsewhere in the language. For 

example, in a language with a passive, one can always produce an object relative 

clause by a passive transformation followed by relativisation on the derived subject. 

It follows that in such languages, the option of object relativisation should be valued 

less highly than in those lacking a passive.

One can easily see how examples of this kind could be multiplied; a structure 

or distinction in a language is only fit where there is no other structure already 

available to discharge that function. Thus the total linguistic context acts as an ecology 

within which the fitness of different bits of linguistic structure is determined. Just as 

different ecosystems in nature produce different evolutionary trajectories, so languages
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will diverge.

This is an attractive argument, but again it seems to provide a mechanism for 

producing greater diversity in language once there already is some. Where languages 

already differ on parameter A, they are likely to diverge on other parameters. We still 

need an account of how the initial difference was actuated, especially given 

monogenesis, and here we are back to random noise and the averaging and threshold 

problems once again.

Competing motivations could also lead to diversity if different non-linguistic 

contexts favoured particular types of linguistic change. Again, this is an argument that 

has already been developed in the literature on bird song dialects (Date and Lemon 

1993). Bird song appears to evolve by a process of functional selection: those syllables 

which are easiest to hear have the highest probability of being picked up and adopted 

by learners. However, the acoustic characteristics of different habitats are different. 

The syllables which transmit well in woodland are not those which transmit well in 

open savarma. There are, in other words, competing motivations which favour certain 

syllables and vary from place to place. The result is dialect boundaries which track 

ecological boundaries (Tubaro, Segura and Handford 1993).

Bird song is a long-distance call system whose function demands that it be 

salient at great distances. This is why subtle acoustic characteristics of the habitat can 

affect it. Language, on the other hand, is generally used in face-to-face interaction in 

small groups (Dunbar, Duncan and Nettle 1994), and so is not likely to be affected in 

the same way. Correlations between linguistic structure and lifestyle, social 

organisation, and so on, were often suggested by nineteenth- and early twentieth- 

century comparative linguists, but are very much out of favour today. This is partly 

due to the post hoc nature of the correlations suggested, the lack of any real evidence 

that they are general, and the failure to provide a convincing mechanism by which the 

non-linguistic situation could affect language structure. Most linguists, then, would 

agree with Kaye (1989:48) that:

[t]here is no correlation whatever between...any aspect of linguistic structure 

and the environment. Studying the structure of a language reveals absolutely 

nothing about either the people who speak it or the physical environment in 

which they live.
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This is not an empirical finding: to my knowledge it has never been tested with all the 

rigour of modem typological linguistic sampling and statistical methods. It is rather 

a guiding presupposition in structural approaches to language. The contrary position 

is at least conceivable: different settings or social structures might favour one 

motivation over another for various reasons. I explore this possibility in chapters 5 and 

6, with mixed results, and suggest that the possibility demands further exploration.

If there are cases where different motivations have different values in different 

societal contexts, then differential functional selection would seem to provide another 

powerful motor for linguistic diversification. The existence of such effects is, however, 

contentious, so I will limit the kinds of functional selection incorporated into the 

computer simulations to those provided by interrelationships amongst different 

linguistic elements.

2.2.5 Mechanisms o f  diversification: summary

I have discussed a number of possible mechanisms which may lead to linguistic 

diversification. These are:

(i) random noise in language learning, coupled with

(ii) geographical isolation,

(iii) social selection, and

(iv) functional selection under differential competing motivations.

Explaining linguistic diversity is not straightforward, as a number of issues arose in 

the course of the discussion. The principal ones were as follows:

(i) Small changes due to noise in learning might be expected to cancel or

average out. It is therefore unclear how random noise can lead to 

sustained diversification in language.

(ii) Diversification sometimes seems to occur in the absence of geographical 

isolation.

(iii) In view of (i) and (ii), social and functional selection may be critical in

the evolution of linguistic diversity, as they amplify and reinforce

diversity in various ways.

I shall now investigate these issues in detail, using a computer simulation.
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2.3 Computer Simulations

2.3.1 The use o f  simulations

The use of computer simulations is widespread in evolutionary biology (see, 

for example, Sigmund 1995). They typically involve making a simple set of 

assumptions about how a process works, then implementing that process in a 

population of idealised organisms.

The value of such a procedure is intermediate between a verbal argument and 

a genuine experiment. Clearly, the organisms involved are very simple and not 

particularly realistic. They typically have a few possible behaviours and exist in a very 

simple space in which they move, reproduce, and die according to simple rules or 

probabilities. The results of the simulation can therefore rarely be considered as precise 

empirical predictions. On the other hand, a simulation is a great advance over a purely 

verbal argument. This is because simple processes at the level of the individual, 

particularly those with an element of randomness, can have unlooked-for emergent 

consequences in a population. Furthermore, a process that sounds reasonable verbally 

might not actually work when implemented, or only under very particular conditions. 

A simulation therefore allows one to get a feel for how a process could work and what 

the boundary conditions could be. It is in this spirit that the present simulation should 

be taken.

Simulations have come to be used a great deal in the investigation of the 

evolution of communication (e.g. Tegeder 1994; Levin 1995; Wheeler and Debourcier 

1995), and have begun to appear in linguistics proper (Hurford 1987, 1989, 1991b; 

Kirby 1993, 1995). Apart from Kirby (1995), which 1 have already discussed in 

passing, there is only one study 1 know of which directly addresses the problem of 

how diversity arises.

In this study, by Jules Levin (unpublished, reported in Keller 1994:100-105), 

there is a grid of 55 by 55 cells, each of which can be thought of as an individual or 

a village. There are two linguistic variants, A and A', and each cell is initially assigned 

one or the other at random. Thereafter, cells may change their variant to be like those 

around them. If the majority of their neighbours have A, they will change to A with 

a certain probability.

The simulation stabilises with several homogeneous regions of A and several
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homogeneous regions of A', whose spatial distribution is described by Keller as 

'bafflingly similar to a map of isoglosses' (Keller 1994:101). Levin concludes that: 

[language change may] be understandable on a grand scale as a kind of 

dynamic pattern emerging from simple interactive principles 

(in Keller 1994:101).

This simulation is very interesting. However it does not shed much light on the origin 

o f diversity. The simulation begins in the maximally diverse state; that is, every cell 

is assigned a variant at random. Diversity only ever decreases in such a simulation, as 

one would expect given that the 'speakers' just follow the maxim 'speak like your 

neighbours'. My present purpose, therefore, is to provide a more sophisticated 

simulation which begins with homogeneity and incorporates the various diversifying 

mechanisms discussed earlier.

2.3.2 Methods

In this simulation, the population lives on a spatial grid of seven by seven 

positions. At each location, there is a group of individuals, which can be identified by 

its spatial coordinates. Thus, the group {1,1} is all the individuals living at the leftmost 

and highest position on the grid (see figure 2.1). There are twenty individuals in each 

group. This is in the range of the average hunter-gatherer group, which has been taken 

as a basic unit o f coresidence by anthropologists for various purposes (Foley and 

Fitzgerald 1996: 541; Dunbar 1993: 684). The individuals have an age of between one 

and five. After the fifth lifestage, they die, and a new generation is bom, such that the 

population size never changes. In each group there are four individuals from each age 

class.

New-born individuals learn various linguistic structures from those around 

them. After the first lifestage, however, there is no further learning, even if individuals 

migrate or the language changes. I thus assume a strict critical period for the learning 

of language (Hurford 19916).

We need to consider the transmission of two different types of linguistic 

structure. A classic dialectal marker is the phonetic realisation of vowels. This is a 

quantitative variable: vowels can vary continuously in an acoustic space defined by 

their formant frequencies. However, the bulk of linguistic phenomena are not 

continuous; they rather require a discrete choice between two or more grammatical or
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Figure 2.1 The 7x7 grid of the simulation.
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lexical alternatives (Weinreich, Labov and Herzog 1968:108). The modalities of 

acquisition of continuous and discrete variables are likely to be significantly different. 

I have therefore simulated both types of variable separately.

As a continuous variable, I have taken the classic case of the phonetic 

realisation of a set of vowels. There are eight vowels, each defined by its first and 

second formant frequency in Hz. The starting values of the frequencies are from 

Javanese, which has a very standard vowel inventory [i e e a o u o o] (Lindblom 

1986:32, frequencies taken from p.7). These are shown in table 2.1.

Phoneme Value First Formant Second Formant

1 i 299 219
2 e 364 226
3 e 481 198 '
4 a 750 125
5 3 377 140
6 u 290 63
7 0 392 69
8 0 502 79

Table 2.1. The starting phonemes and their first and second formant frequencies in Hz. 
Note that the second formant frequencies have been divided by 10.

The second formant frequency has been divided by ten for ease o f computation and 

to keep all the values in the same range.

An individual learns by sampling all the adults in its social group (that is, the 

nineteen others at the same position on the grid). The phonetic targets which it adopts 

are simply the averages of those it samples. However, there is a noise parameter 

(NOISERATE). The final value adopted is altered (either increased or decreased, at 

random) by a random number between 0 and NOISERATE. With NOISERATE=0, 

then, the individual simply learns the average value within the social network. 

Otherwise, its value departs a little at random from the norm. This is the basic 

program. Social selection and functional selection can be built in at a later stage.

The discrete case is slightly different. Here, there are three parameters. A, B,

38



and C, each of which can take on the value 0 or 1. These can be considered as basic 

structural choices within a grammar. For example, A could be considered as the choice 

of word order (SVO versus V SO )\ B as whether the language favours postpositions, 

and C as whether the adjective precedes the noun. The different values of A, B, and 

C would therefore be interpreted as shown in table 2.2.

Parameter Value Interpretation

A 1 SVO word order
0 VSO word order

B 1 Language is postpositional
0 Language is prepositional

C 1 Adjective precedes noun
0 Adjective follows noun

Table 2.2 The three parameters in the discrete simulation and their interpretations.

All the parameters start with a value of 1. The learner normally adopts 

whichever is more frequent in its social network. If they are equally frequent, the value 

1 is adopted. Thus, for a learner to switch to 0, at least 51% of its models must have 

the value 0. There is once again the possibility of noisy learning. For each parameter, 

the individual may, with a probability specified by NOISERATE^, adopt the opposite 

value to that it would normally learn. Once more, social and functional selection can 

be added to the basic model.

In the basic social structure, all groups start with the same linguistic variables. 

There is no subsequent contact or communication between the groups. In other words, 

the basic case is that of a population dispersing in small bands which become totally

2. For simplicity, only two possible word orders are considered here.

3. Note that NOISERATE is a percentage in the discrete simulation (the likelihood of 
reversing some parameter), whereas it is a whole number in the continuous simulation.
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geographically isolated from each other immediately after the dispersal. I will present 

some results from the simulations using this social structure, and then add in more 

realistic assumptions about inter-group contact, and then social and functional 

selection.

2.3.3 Basic results

2.3.3.1 The continuous case

When the simulation is run with a non-zero NOISERATE, the values of the 

phonemes execute a random walk through phonetic space over time. The average of 

the frequencies used by the twenty individuals in one group for phoneme 1 is shown 

in figure 2.2. Each run of the simulation produces a different trajectory, and the 

trajectories never repeat. The larger the value of NOISERATE, the further and more 

quickly the phoneme trajectory wanders from the origin (figure 2.3).

As the phoneme values for each group are changing separately in this random 

fashion, considerable differences can emerge between the average phoneme values for 

one group and those for another group. This can be seen clearly by calculating the 

average formant frequencies for one of the phonemes in each of the 49 groups after 

100 lifestages of the simulation (figure 2.4). There are clearly differences between the 

groups. It is necessary to try to quantify the strength of these to establish whether they 

constitute something like local dialects.

In order to do this, we need to consider not the absolute magnitude of the 

phonetic differences, but the locus of variation. In other words, the relevant question 

is whether individuals of group A differ from individuals of group B significantly more 

than they differ from each other. If they do, then distinct local norms have emerged.

To measure local divergence, I have taken the frequencies for the first formant 

of phoneme 1 for all the individuals in 4 groups:- {2,2}, {2,6}, {6,2} and {6,6}. An 

analysis of variance (ANOVA) was performed on these 80 frequencies. This procedure 

compares the amount of variation found within each group with that found between 

the groups, and provides a test statistic, the F-ratio, for assessing the statistical 

significance of any differences found. The critical value for F to be significant at the 

1% level in the current case (3 and 76 degrees of freedom) is 26.22. That is, if F 

exceeds 26.22, then there are highly significant differences among the four groups.

Figure 2.5 shows the value of the F-ratio at the end of each lifestage as the
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Figure 2.2 The trajectory in phonetic space of the group mean of phoneme 1 over 
1000 lifestages of one group, for four different runs of the continuous 
simulation with N0ISERATE=2.
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Figure 2.3 The trajectory of phoneme 1 in phonetic space over 1000 lifestages of one 
group for four runs of the continuous simulation with different NOISERATEs: 
1 (top left), 2 (top right), 3 (bottom left), 4 (bottom right).
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1 2 3 4 5 6 7

1 {256 ,220} {255 ,218} {257 ,215} {259 ,219} {253 ,216} {257 ,224} {249 ,219}

2 {252 ,218} {250 ,218} {259 ,222} {252 ,217} {256 ,221} {255 ,220} {257 ,217}

3 {260 ,219} {255 ,220} {254 ,215} {247 ,220} {254 ,218} {255 ,216} {253 ,221}

4 {255 ,221} {257 ,222} {257 ,218} {252 ,219} {257 ,219} {254 ,218} {258 ,218}

5 {250 ,218} {259 ,218} {253 ,219} {252 ,219} {255 ,223} {252 ,220} {256 ,218}

6 {258 ,217} {253 ,222} {259 ,222} {259 ,222} {261 ,216} {256 ,218} {256 ,214}

7 {256 ,216} {258 ,217} {258 ,221} {257 ,215} {254 ,220} {256 ,218} {254 ,218}

Figure 2.4 The average formant frequencies for phoneme 1 for the 49 groups after 100 
lifestages (N0ISERATE=2). The common starting point was {255,219}.
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Figure 2.5 The development of the F-ratio over time for four runs of the simulation 
with NOISERATEs of 1,2,3 and 4. The thick horizontal line is the critical 
value for inter-group differences to be significant at the 1% level.
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Figure 2.6 The long-term behaviour of the F-ratio, averaged over 3 runs of the 
simulation, for two different NOISERATEs (1 = NOISERATE of 2, 2 = 
NOISERATE of 4).
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progresses, for four different values of NOISERATE. It is clear that even with 

NOISERATE set at just 1, highly significant inter-group differences have emerged by 

the 100th lifestage. Although the exact trajectory of the F-ratio varies from run to run, 

significant differences always emerge with a non-zero NOISERATE. The F-ratio does 

not increase indefinitely; it ultimately levels out at a value determined by the 

NOISERATE, always well above the critical value (figure 2.6).

The results of these runs are clear. Although random noise is ultimately 

expected to be self-cancelling, it can lead to significant local differences where groups 

are small and totally isolated. This is because the random output of one generation's 

learning gets fed into the next, providing a rather chaotic stochastic process. Having 

larger groups would obviously dilute the effect of stochastic variation, but for a group 

size of twenty, a very small NOISERATE is sufficient to produce distinctive local 

dialects.

2.3.3.2 The discrete case

1 2 3 4 5 6 7

1 19 20 19 20 17 20 17

2 19 19 20 18 19 19 19

3 19 19 20 19 19 19 20

4 19 18 19 20 19 17 20

5 20 20 19 20 18 20 16

6 20 20 18 18 19 19 19

7 20 16 20 20 19 17 17

Figure 2.7 The number of individuals in each group having {A=l} after 100 
lifestages, N0ISERATE=5%.

When the discrete simulation is run with a non-zero NOISERATE, some 

individuals acquire values of 0 on one or more of the three parameters. Figure 2.7
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shows the number of individuals in each group who have {A=l} after 100 lifestages, 

with N0ISERATE=5%. There are a number of individuals who have acquired {A=0} 

instead, and this number can be increased by increasing the NOISERATE. However, 

this is just random individual learning. The relevant question is whether {A=0} can 

emerge as a definite norm in some of the groups.

With NOISERATE at 20%, enough exemplars of {A=0} occasionally co-occur 

for it to become the majority value in a group. Once this has happened, it quickly 

becomes fixated in that group, often for a very long time. This can be seen in figure 

2.8. Slightly more than 50% of the individuals in group {3,7} had acquired {A=0} by 

a chance co-occurrence of events. Thereafter, all newborns acquired it as the default, 

and it became established as the group norm for over 100 lifestages, despite being rare 

in the population as a whole. Thus a local dialect norm evolved.

1 2 3 4 5 6 7

1 18 17 19 16 16 17 17

2 14 16 16 15 5 18 15

3 18 19 16 16 16 16 3

4 18 19 18 17 16 14 16

5 17 14 16 14 20 17 15

6 16 18 15 15 3 15 17

7 14 18 18 15 17 14 13

Figure 2.8 The number of individuals in each group having {A=l} after 100 
lifestages, NOISERATE=20%.

The evolution of local norms can be tracked by considering the number of 

groups at any given moment where more than 15 of the individuals have {A=0}. This 

number, the TALLY, is used as a measure of diversity the way the F-ratio is used in 

the continuous case. If TALLY remains at 0, then no groups have made a switch to 

{A=0} as the norm.
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NOISERATE Mean TALLY

1% 0
5% 0
10% 0
20% 2.46
33% 2.35
50% 0.23

Table 2.3 The mean TALLY over 300 lifestages and 5 runs of the simulation for 
different values of NOISERATE.

Table 2.3 shows the mean TALLY over 300 lifestages and 5 runs of the 

simulation for different values of NOISERATE. TALLY always remains 0 where 

NOISERATE is less than 20%. This is because the mutant values are just too rare to 

ever overcome the threshold problem and become the norm for any group. With 

NOISERATE at 20% or 33%, positive values of TALLY are found. However, TALLY 

remains close to zero on average and rarely exceeds five. This is because it is only by 

quite rare fluke that enough examples of {A=0} accumulate to overcome the threshold. 

Moreover back-mutations, which return the norm to {A=l}, are just as common as 

mutations in the other direction. Increasing NOISERATE still further actually 

decreases the mean TALLY, as it makes mutations so common that no enduring norms 

are possible at all.

The important thing to observe about these results is the incredibly high values 

of NOISERATE which are needed to overcome the threshold problem. NOISERATEs 

of 20% and 33% equate to chances of one in five and one in three respectively of 

completely failing to acquire some parameter. If the social network were bigger than 

the 20 individuals used here, then even higher NOISERATEs would be necessary to 

stochastically overcome the threshold problem. However, a NOISERATE of 50% 

means the child is performing no better than chance in homing in on the language of 

his social group. With NOISERATEs of this magnitude, there would be no stability 

or continuity of language across the generations. There would scarcely be anything 

identifiable as a norm at all. Such a NOISERATE is unrealistic.
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There is, then, a major asymmetry between the continuous case and the discrete 

one. Simple isolation and a small amount of noise in learning are sufficient to produce 

local diversity in enduring linguistic norms in the former case, but not in the latter. 

One reason why this is so can be grasped by considering the fate o f variants in the two 

cases. With inheritance of continuous variables, every random mutation contributes to 

the group mean, which is the starting point for the next generation's learning. In the 

discrete case, only the more common value contributes anything to what is acquired; 

rare mutants are simply ignored. Thus, local diversity cannot get established. Another 

reason for the asymmetry is that languages can take so many more values on 

continuous than on discrete scales. There is thus a much lower probability of a 

language ever returning exactly to its initial state or coinciding completely with that 

of a neighbour.

Even with total geographical isolation, then, it seems that imperfect learning 

could only plausibly produce diversity in continuous traits, and as we have seen, 

continuous traits in language are rare. Furthermore, we have no right to assume total 

geographical isolation. In the next section, I add the effects of inter-group contact to 

the simulations.

2.3.4 More realistic social structures

Perhaps the most fundamental vector for inter-group diffusion is the permanent 

transfer of individuals from one group to another. The effects of such migration are 

added in to the simulation as follows. After its first lifestage, an individual may, with 

a probability given by a parameter MIGRATE, move permanently to another group 

chosen at random on the grid. For ease of calculation and to keep groups all the same 

size, an individual of the same age from the host group goes to the outmigranf s group 

of origin. In other words, they simply swap places. As language learning has finished 

by this point, the individuals take their linguistic variables with them and contribute 

them to the norm of their new group.

One real-life process which is directly analogous to this procedure is exogamy. 

Local exogamy often occurs within language groups. However, there are cases of 

sustained exogamy across language boundaries. In the north-west Amazon, for 

example, strict tribal exogamy has always meant that women marry into a different 

language group (Sorenson 1971, described in Hudson 1996). In such a tribe, the
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MIGRATE would be 50%, as the women but not the men out-marry. Linguistic 

diversity appears to have evolved despite this very high level of inter-group marriage.

2.3.4.1 The continuous case

Incorporating migration into the simulation drastically reduces inter-group 

differences. Figure 2.9 shows the development of the F-ratio with N0ISERATE=2 and 

either full exogamy (MIGRATE=50%) or partial exogamy (MIGRATE=25%). This 

latter rate works out on average at one individual leaving and joining each group of 

20 per lifestage. As is clear from the figure, the F-ratio never reaches the critical value 

for statistical significance. Distinctive local norms do not evolve.

More importantly, much lower migration rates are sufficient to prevent local 

diversity. Figure 2.10 shows the F-ratio for populations with no migration, and with 

MIGRATES of 1% and 10% (N0ISERATE=2). Even with the 1% rate, which means 

on average one individual leaving a group every 25 lifestages, statistically significant 

inter-group differences are extremely intermittent. Increasing the NOISERATE makes 

little or no difference. This is presumably because the F statistic is a ratio: it is 

affected by the proportion of the variation which occurs between groups, rather than 

by the total amount of variation.

2.3.4.2 The discrete case

In the discrete case, there are few realistic examples of diversity evolving 

anyway. However, at NOISERATE=20%, something like a local norm can evolve. 

What then is the effect of migration in this case?

Table 2.4 shows the average TALLY over 300 lifestages and 5 runs of the 

simulation for NOISERATE=20% and various MIGRATES. It is clear that a 

MIGRATE of above 10% reduces the number of groups with distinctive norms, and 

partial or total exogamy more or less abolishes them.

The results of incorporating migration can be summarised as follows: even 

small amounts of inter-group migration are sufficient to abolish diversity in the 

continuous case. As for the discrete case, significant amounts of migration greatly 

decrease the little diversity which can evolve. Linguistic diversity, it seems, cannot be 

very robust if it is based on imperfect learning alone. In the next two sections, I add 

in two mechanisms which may make it more so: social selection and functional
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Figure 2.9 The F-ratio over 300 lifestages for populations with partial exogamy 
(MIGRATE=25%) and total exogamy (MIGRATE=50%). The critical value is 
never reached.
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Figure 2.10 The F-ratio over 300 lifestages for populations with no migration, 
MIGRATE=r/o and MIGRATE=10%.
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MIGRATE Mean TALLY

0 2.46
1% 2.65
10% 0.85
25%; 0.29
50%§ 0.03

t  Partial exogamy 
§ Total exogamy

Table 2.4 The mean TALLY over 300 lifestages and 5 runs of the simulation for 
NOISERATE=20% and differing MIGRATES.

selection.

2.3.5 Social selection

To incorporate social selection into the simulations, some individuals within 

each group are assigned high status. This is assumed to be a product of non-linguistic 

activities and is therefore done at random. Any individual has a 25% probability of 

acquiring high status at the end of the first age period, and it then keeps that status for 

life".

In keeping with LePage's social model of language acquisition, learners do not 

use all the available linguistic models in acquiring the language. They instead 

incorporate only those with high status into the process, which then proceeds as before, 

with an imprecision specified by NOISERATE. In the event of there being no high- 

status individuals in a learner's group, the learner samples everyone as before. This 

arrangement corresponds to LePage's condition that social selection cannot take place 

unless the learner is able to identify and observe socially desirable models.

4. Sociolinguists would want to point out that there are social reasons for wanting to 
acquire a dialect other than it having high status. They distinguish dialects which are 
high in status from those which are high in solidarity - those which evoke local team- 
spirit. In this simulation, I intend status as a more general construct, representing 
simply whatever it is which makes someone an attractive role model.
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2.3.5.1 The continuous case

Including social selection greatly increases the F-ratios observed in the 

continuous simulation. Figure 2.11 shows the mean F-ratio over 300 lifestages and 5 

runs of the simulation for different values of MIGRATE for runs without social 

selection (line A) and with it (line B). The values with social selection are significantly 

higher (pairing up runs o f the simulation with the same NOISERATE, Wilcoxon 

matched-pairs test, z = -4.37, n = 25 , p  < 0.001). With social selection, a significant 

F-ratio is obtained with MIGRATES of 1% and 10%. Thus diversity is more robust 

faced with inter-group migration when social selection is present.

When migrants move from group to group, they take their status values with 

them. We can also simulate a situation where in-migrants to a group cannot have high 

status. This may seem a rather ad hoc modification. However, social status in small- 

scale societies is often a product of being able to influence and mobilise networks of 

kin and friends which a recent in-migrant by definition does not have. Incorporating 

the condition that migrants have low status in their new group seems likely to increase 

the robustness of local norms, as the migrant's language would not then normally be 

picked up by the next generation of learners.

Line C on figure 2.11 shows the mean F-ratio for such a population. The F- 

ratios are higher than those obtained with ordinary social selection, but not 

significantly so (Wilcoxon matched-pairs test, z = -1.84, n = 25, n.s ).

2.3.5.2 The discrete case

When social selection is introduced into the discrete simulation, groups with 

a norm of {A=0} become far more common (table 2.5; Wilcoxon matched-pairs test, 

z  = -4.08, n = 25, p  < 0.001). They can evolve with a NOISERATE of just 1%, and 

are very common with a NOISERATE of 5%. Increasing NOISERATE further than 

10% does not increase the mean TALLY, presumably because mutations become so 

frequent as to disrupt stable norms.

Social selection also makes diversity more stable against migration. With a 

NOISERATE of 5%, significant diversity can still be found with MIGRATES of up 

to 10% (table 2.6). If migrants are automatically given low status when transferring 

groups, then the mean TALLY is significantly higher than with ordinary social 

selection (table 2.6; Wilcoxon matched-pairs test, z  = -3.70, « = 20, /? < 0.001), and
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Figure 2.11 The mean F-ratio over 300 lifestages and 5 runs of the simulation for 
populations without social selection (A), with social selection (B) and with 
social selection where migrants cannot transfer status (C).
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Mean TALLY

NOISERATE Without With

1% 0 1.77
5% 0 7.73
10% 0 8.45
20% 2.46 7.37
33% 2.35 2.15

Table 2.5 The mean TALLY over 300 lifestages and 5 runs of the simulation for 
different NOISERATEs with and without social selection.

Mean TALLY

MIGRATE Transferable Non-transferable

1% 7.14 8.13
10% 3.15 8.40
25% 0.66 6.85
50% 0.06 2.06

Table 2.6 The mean TALLY over 300 lifestages and 5 runs, N0ISERATE=5%, 
with social selection where migrants can and cannot transfer their status.

remains virtually unaffected by MIGRATES of up to 25%.

These results clearly show how social selection by language learners can affect 

the evolution of norms. It reduces the amount of noise required in the learning process 

for local diversity to emerge, and greatly increases the robustness of that diversity 

against inter-group contact.

2.3.6 Functional selection

The idea of functional selection is simply that some linguistic forms may be 

more readily adopted than others because they are easier to identify, learn or use than
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the alternatives. Furthermore, the probability of one form being adopted will be 

contingent on which other forms are already present in the language. I will now 

incorporate some functional interaction between elements into the simulations.

2.3.6.1 The continuous case

The most famous example of functional interaction between phonemes is that 

vowels tend to be evenly distributed within the available phonetic space (Disner 1984). 

This can lead to the well-known cases of chain shifts: one phoneme moves into the 

phonetic vicinity of another, causing the latter to displace into the territory of a third, 

which then moves, and so on until all the vowel phonemes have been displaced one 

position in the phonetic space (Martinet 1955).

The mechanism by which such shifts are selected is presumably as follows. If, 

by random drift, two vowel phonemes A and B come to be very close in space, then 

learners will misinterpret the more extreme tokens of phoneme A as tokens of 

phoneme B. Their model of what constitutes phoneme A will then be skewed, as the 

end of the distribution nearest to phoneme B has been removed. They will thus acquire 

a version of phoneme A whose phonetic centre has been shifted away from phoneme 

B This then spreads as a sound change which looks teleological; it is as if the 

language were 'trying' to keep its phonemes apart.

This kind of functional interaction between phonemes was incorporated in the 

following way. When a learner has been exposed to its linguistic input, the distances 

between the formant frequencies of all the average phonemes (after noise has been 

applied) are calculated. If the distance between any two phonemes is less than lOHz 

for the first formant or 3Hz for the second formant, then one or the other phoneme is 

moved away until the critical distance is re-established. The phoneme to be moved is 

chosen at random.

To examine the effects of functional selection, we will follow the evolution of 

phoneme 7 instead of phoneme as the former is much closer to its phonetic 

neighbours and therefore more likely to interact with them. Whereas without functional 

selection, the formants just oscillate randomly around their initial values over time, 

with functional selection there are definite sound shifts caused by another phoneme

5. The phonemes are defined in table 2.1,
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pushing phoneme 7 out of its space (figure 2.12). This is much more reminiscent of 

what happens in the history of real languages.

Selection

MIGRATE None Functional Social Both

0 110.63* 229.60* 842.21* 460.30*
1% 55.22* 43.44* 361.62* 361.72*
10% 9.40 9.32 44.77* 50.56*
25% 4.79 4.99 15.51 12.94
50% 3.17 2.88 6.59 5.92

p  < 0.01

Table 2.7 Mean F-ratio over 300 lifestages and 5 runs of the simulation for the second 
formant o f phoneme 7 with social and functional selection (N0ISERATE=2).

Where there is no migration, functional selection greatly increases the mean F- 

ratio (table 2.7). This is because sound shifts take small stochastic differences between 

dialects and amplify them into large systematic differences. However, where there is 

migration, the F-ratio is no greater with functional selection than without. Overall, the 

two conditions do not differ significantly (Wilcoxon matched-pairs test, z = -1.32, n 

= 25, n.s ). This is because sound shifts are always disrupted by migrants who do not 

have them.

Social and functional selection combined produce greater F-ratios than just 

functional, and the resulting diversity is robust against a MIGRATE of 10%. However, 

these F-ratios are not significantly greater than those for the same phoneme for social 

selection alone (Wilcoxon matched-pairs test, z = -0.74, n -  25, n.s ). This may be 

because functional selection, as well as increasing inter-group differences, increases 

the within-group variance, as some individuals but not others adopt sound shifts. Thus, 

the overall ratio is no higher.

2.3.6.2 The discrete case

It is well known that different parameters in a grammar are not fixed 

independently. Greenberg's (1966) language universals give us cross-linguistic evidence
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Figure 2.12 The mean second formant of phoneme 7 for one group without functional 
selection (A) and one with (B). The arrows indicate sound shifts.
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of the kinds of inter-dependencies which occur. For example, in languages with 

prepositions, a genitive almost always follows the governing noun, whilst in languages 

with postpositions, it almost always precedes it (universal 2); and if a verb agrees with 

a noun in gender, it always agrees with it in number too (universal 32).

Many o f these patterns can be explained in terms of the selection of 

combinations of parameters which taken together give ease of processing and use 

(Hawkins 1993; Kirby 1995). Once one parameter is fixed, it biases the selection of 

further parameters towards the values that best cohere.

The variables chosen for our parameters A, B, and C interact in this way, as 

Greenberg's universals 3 and 7 demonstrate:

Universal 3: Languages with dominant VSO order are almost always 

prepositional.

Universal 17: With overwhelmingly greater than chance frequency, languages 

with dominant order VSO have the adjective after the noun.

(Greenberg 1966:78,85)

Let us assume, then, that having the value 0 on any one parameter in the discrete 

simulation biases the learner slightly towards acquiring the value 0 for the other two. 

This is done as follows. Where at least 51% of the learner's models have the value 0 

for one parameter, the learner acquires 0 for that parameter, and then only 41% are 

required to have 0 for the learner to acquire 0 for the other parameters.

This functional selection between parameters adds interesting dynamics to the 

discrete simulation. Firstly, there is some typological coordination in the languages 

which evolve: those with 0 on one parameter fairly often have 0 on one or both of the 

others, and changes on one parameter can trigger 'knock-on' changes in the others 

(figure 2.13). Furthermore, languages seem to be more stable: if they have acquired

0 for all the parameters, these mutually reinforce each other and it is very hard for the

1 values to invade.

Functional selection greatly increases the mean TALLY, and there is persistent 

diversity with MIGRATES of up to 10% (table 2.8; Without vs. with functional 

selection: Wilcoxon matched-pairs test, z = -4.05, n = 15 ,p  < 0.001). When functional 

and social selection are combined, with N0ISERATE=5%, very considerable diversity 

can evolve. Many more groups switch over to the 0 values of the parameters, and the
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1 2 3 4 5 6 7
A
1 0 17 14 15 15 18 18
2 14 16 4 16 18 18 14
3 18 15 18 14 15 15 4
4 15 17 17 17 5 15 17
5 2 16 15 18 16 15 19
6 6 17 16 15 17 17 1
7 14 3 16 15 17 17 16

B
1 18 15 13 15 15 14 13
2 13 18 15 17 7 19 16
3 14 19 5 17 17 16 3
4 15 17 18 7 17 9 17
5 2 20 16 16 15 13 18
6 17 14 18 16 16 14 5
7 16 14 16 15 6 18 18

C
1 4 16 17 16 15 19 16
2 13 14 18 1 16 14 17
3 18 18 1 18 4 18 5
4 15 17 14 20 6 12 14
5 12 17 19 14 17 19 18
6 3 18 15 17 13 16 14
7 18 2 16 3 5 15 14

Figure 2.13 The number of individuals in each group with value 1 for A, B and C 
after 100 lifestages, NOISERATE=20%.

diversity is stable against MIGRATES of up to 10% (table 2.9; Both functional and 

social selection vs. social alone: Wilcoxon matched-pairs test, z = -4.20, n = 15, p  <

0.001). Note however that either social selection or an extremely high NOISERATE 

is necessary to overcome the threshold problem and get diversity off the ground; 

functional selection merely amplifies the diversity thus produced.
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Functional Selection

MIGRATE Without With

0 2.46 7.17
1% 2.65 7.25
10% 0.85 5.61
25% 0.29 1.69
50% 0.03 0.03

Table 2.8 Mean TALLY over 300 lifestages and 5 runs with and without functional 
selection, NOISERATE=20%.

Selection

MIGRATE Functional Social Functional and Social

0 0 6.99 17.13
1% 0 7.14 17.84
10% 0 3.15 5.71
25% 0 0.66 1.39
50% 0 0.06 0.08

Table 2.9 Mean TALLY over 300 lifestages and 5 runs with social and functional 
selection, N0ISERATE=5%.

2.4 Discussion

The results of the computer simulations may be summarised as follows:

(i) Geographical isolation and noise in learning are sufficient to produce 

diversity in continuous variables. They are not sufficient to produce diversity 

in discrete variables unless the level of noise is set extremely high.
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(ii) A very low level of inter-group contact, in the absence of social selection, 

destroys local diversity.

(iii) A mechanism of social selection hugely increases both the amount of 

diversity which evolves and its stability against inter-group contact.

(iv) Functional selection amongst the different variables in a language can 

amplify and reinforce diversity, though the initial diversity must stem from 

random noise and/or social selection.

These conclusions are obviously suggestive rather than demonstrated. The 

simulations, like any computer simulations, are simplistic in a number of ways. This 

is not a problem in itself, as we are not attempting to produce precise quantitative 

predictions, but rather to explore some general patterns. What is important is that none 

of the simplifications involved in writing a computer program falsify the general 

character of the processes under investigation.

There are several key simplifications in this simulation which should be 

mentioned. These are, firstly, that the competence of the organisms is homogeneous. 

Secondly, the types of linguistic change allowed are all reversible. Thirdly, the only 

type of inter-group contact allowed is permanent migration, and fourthly, the functional 

interrelations between elements are very limited. I will briefly discuss each of these 

in turn.

A fundamental difference between the competence of my simulated organisms 

and that of real human beings is that human beings have access to not one but several 

speech styles which they may switch between according to the context. This may mean 

that they are bilingual, or simply that they command several dialects or registers. Thus 

human competence contains an orderly heterogeneity of different structures with 

different social values, rather than a single homogeneous grammar.

Failure to take this into account is not just a problem for my simulations. 

Grammatical theory in general has tended to ignore heterogeneity by referring to an 

"idealised speaker-listener, in a completely homogeneous speech community" 

(Chomsky 1965:3), much to the annoyance of some sociolinguists (Weinreich, Labov 

and Herzog 1968; Chambers 1995: 26-27). For this simulation, too, I feel it is
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acceptable to idealise away from heterogeneity. The main points, about the threshold 

and averaging problems, the way that giving certain models a higher social value 

increases diversity, and how functional selection amplifies differences between 

languages, would be no different and probably even clearer if each individual learned 

several different norms appropriate to different contexts. Heterogeneity increases the 

possible speed of language change, as the variation present in co-existent dialects can 

quickly be converted into change if the social situation demands it.

The second simplification in my simulations is that the only changes allowed 

happen to phonemes and grammatical parameters, and are bi-directional. That is, all 

the changes are equally likely to happen in either direction. Whilst linguists agree that 

language change has no overall direction at the level of whole languages, much change 

happens to individual word-forms, and here changes can be uni-directional. For 

example, Liidtke (1986) argues that phonetic changes to individual words are almost 

always in the direction of reduction. This is because there are always under-articulated 

tokens of a word in real speech, but there are never tokens which are more aniculated 

than the full citation form. Any selection which occurs between competing variants, 

then, will be between the full form and reduced forms, and so can only be in the 

direction of reduction. This would seem to imply that all words in all languages should 

get shorter and more similar. This does not happen because, where words are too 

reduced to maintain meaning, non-phonetic processes come into play. For example, 

Latin hoc die ('today') gradually reduced to hui in Old French. This was evidently 

insufficiently distinctive (cf, ouïr 'to hear', oui 'yes') and was expanded lexically to au 

jour d'hui ('on the day of today'), which has fused to a single word and begun the 

cycle of reduction once more (Keller 1994:110). Similarly, Bybee, Perkins and 

Pagliucca (1994) argue that grammatical markers always evolve from semantic 

concreteness to abstractness, from free to bound morphological status, and from full 

to reduced phonological form. Eventually, they are so reduced semantically and 

phonologically that new markers evolve from a different lexical source.

The importance of such directional processes for linguistic divergence is clear. 

There are many different pathways of reduction which a word can undergo, each with 

a low probability of occurrence. However, once they occur, they cannot be reversed. 

There may eventually be lexical compensation, but there are many different ways this 

may happen, again each with a low probability. The probability of a word following
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the same pathway round this cycle in two different dialects is very small. It follows 

that we should expect the lexical items in two languages to get further and further 

away with time. Changes will not in this case sum to zero.

We should therefore add a qualification to our findings. They apply to 

grammatical variables which can change in either direction. The directionality of 

change in individual words means that vocabulary is more likely to diverge. However, 

its diversification is still subject to the same requirements of geographical or social 

isolation, so our present findings on those topics may well apply.

The third simplification inherent in my simulations is that the only type of 

inter-group contact allowed is permanent migration. In reality, contact is much more 

often of a more fleeting kind, for example through trade or other economic interaction. 

However, this really does not make a great deal of difference. A MIGRATE of 10% 

effectively means no more than that 10% of the linguistic models for a learner are 

from outside the group. Those outsiders could be passing traders or seasonal visitors 

just as well as permanent migrants. The main finding - that a small degree on inter

group contact reduces or destroys diversity - would be the same.

Finally, it is worth stressing that the functional interactions between linguistic 

elements in the simulations are very limited. In the continuous case, one vowel 

phoneme can affect the selection of another; in the discrete case, one grammatical 

parameter can affect another. In a real language, as well as numerous interactions 

within the phonology, syntax, and morphology, there are interactions between these 

levels. This may have particular implications for the finding that without social 

selection diversity can only plausibly evolve in continuous variables. In reality, 

diversity in a continuous variable such as the phonetic position of two vowel 

phonemes could lead to diversity in discrete parameters. To pick up an example I 

mentioned above, let us suppose there are two dialects which differ quantitatively, in 

the phonetic realisation of the vowel phonemes. Two phonemes which drift near to 

each other in one dialect may be reanalysed as a single phoneme. Any morphological 

distinctions dependent on that phonological distinction may then in turn be lost, and 

some syntactic strategy may be selected to compensate, and soon there will be 

systematic discrete differences between the dialects at all levels, as a simple result of 

stochastic continuous differences. The functional mechanism may therefore be much 

more powerful than it appears here.
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As long as these limitations are borne in mind, I feel these results are 

interesting and suggestive. If  they have any implications for reality at all, they are as 

follows. There must be an inherent source of linguistic variation in language, stemming 

from acquisition or performance. However, this is not a sufficient condition for 

linguistic evolution. Both the social and functional selection mechanisms must be 

operating on this variation. The functional mechanism must be at work because it 

produces law-like phenomena like chain shifts amongst phonemes, and Greenbergian 

universals. If  there were no functional selection, then different grammatical 

characteristics would be randomly distributed amongst the world's languages, which 

of course Greenberg and other typologists have shown to be untrue. The social 

mechanism must be at work because it is much the most powerful way of generating 

and maintaining diversity, even in the simplistic form in which it is implemented here. 

This suggests from a theoretical perspective something that sociolinguists have been 

urging from empirical observations for several decades now (Weinreich, Labov and 

Herzog 1968); the fundamental importance of social factors to language evolution. 

More formally-inclined linguists still tend to ignore or downplay social factors, but 

these simulations imply that only the social selection mechanism could produce the 

linguistic map of areas like the New Guinea Highlands, where hundreds of distinct 

languages have evolved despite extensive inter-group contact.

Why it should be part of the human language instinct to select linguistic models 

according to social criteria is another question. We have already seen how young 

songbirds choose their song models from the successful territory-holders in their area 

(Beecher, Campbell and Stoddard 1994). For them, there is a direct pay-off in 

reproductive fitness from choosing the right dialect.

Is there an equivalent pay-off for humans selecting whom to identify 

themselves with? There is abundant experimental evidence that people are more 

disposed to cooperate and ally themselves with others who have the same dialect as 

themselves (Feldman 1968; Gaertner and Bickman 1971; Harris and Bardin 1972; 

Giles, Baker and Fielding 1975; Lang 1992). Nettle and Dunbar (in press) suggest that 

this is a vestige of a mechanism for group affiliation and identification. Humans seem 

naturally disposed to form networks of cooperation and exchange, based on shared 

language and culture. As human societies got larger and the population more dense, 

there would have been a danger of these networks being invaded by 'free-riders'.
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cheaters who take the benefits of cooperation without paying the costs. Developing 

distinctive linguistic norms would have bound societies together and clearly identified 

interlopers.

This 'social marking' theory suggests a reason why natural selection should 

have designed a language faculty which does not lead to perfect transmission of 

language, but instead produces variation on which social and functional selection can 

operate. Variation may not be an imperfection of the language faculty but a design 

feature. After all, we know that individual speakers are able to actually diverge their 

speech from those around them when they want to create social distance (Bourhis and 

Giles 1977), and that learners are incredibly adept at picking up and maintaining social 

markers in speech.

The social marking theory predicts that linguistic boundaries should form 

around the core networks of cooperation and exchange in which people are involved. 

Where people form large and dispersed networks, fewer distinct languages will evolve 

than where networks are small and tightly self-contained. In chapters 3 and 4, I use 

this notion in examining the spatial distribution of languages across the world.
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- CHAPTER 3 -
DIVERSITY IN SPACE: 

A WEST AFRICAN CASE STUDY

Why Africa should be the most multilingual area in the world is a challenging 
question which can only be answered by conjecture. (Berry 1970: 80)

3.1 Introduction

In the previous chapter, the reasons that languages diversify were investigated. 

Speakers perform both functional and social selection amongst different variants, and, 

if Nettle and Dunbar's (in press) social marking theory is correct, distinctive linguistic 

norms should be expected to form around the core networks of cooperation and 

exchange in which people are involved.

This chapter and the next investigate the distribution of extant human languages 

in space. It is well known that there are enormous discrepancies in the range of 

languages in different parts of the world. Defining and recognising distinct languages 

is problematic, as I discuss in section 3.1.1 below. Nonetheless, an extensive catalogue 

has been established by the Summer Institute of Linguistics and published in the 

Ethnologue series, the most up to date of which is Grimes (1993). This volume counts 

6528 living languages in the world today. Eight hundred and sixty-two of these, or 

13.2% of the total, are spoken in Papua New Guinea, but Papua New Guinea 

represents only 0.4% of the world's land area, and only 0.1% of the world's people live 

there. Indonesia has 10.7% of the world's languages, 1.7% of its land, and 3.4 % of 

its population. The tiny state of Vanuatu in the South Pacific represents only 0.01% 

of the world's land area, and 0.003% of its population, yet it has 1.7% of the 

languages. China, on the other hand, has 21.5% of the world's people, and 8.6% of the 

world's land, but only 2.6% of its languages.

These enormous differences naturally raise the question of why some areas 

should be so much more diverse than others. This seems a perfectly reasonable 

question, with a number of possible answers in terms of geographical and historical 

factors. However, as Renfrew (1991) has pointed out, the question has received very 

little theoretical attention.
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None of the disciplines has really dealt with it. Comparative linguistics aims 

at reconstructing paths of language divergence, but does not deal with the causes of 

divergence, which are extralinguistic and thus fall outside its purview. Language leaves 

no direct traces in the archaeological record, and early historical documents seldom 

take an interest in the speech habits of ordinary people.

In anthropology, there is a large body of theory which seeks to explain the 

formation of different types of political structures - tribes, chiefdoms, states and so 

forth (e.g. Cameiro 1970; Friedman and Rowlands 1977; Johnson and Earle 1987; 

Graber 1993), but hardly any dealing with the formation of language groups. This is 

due at least in part to the connection of language with ethnicity, and the classical view 

of ethnicity as a "primordial" affiliation (Shils 1957), unchanging and immune to 

economic and ecological processes. Indeed, ethnicity is often invoked as an 

independent variable in explaining patterns of social and economic behaviour. For 

example, for Dalton (1970:66), one of the "important reasons for the small scale of 

traditional African economy and society" was the absence "of widely shared language". 

However, as all of the many hundreds of languages found in Africa can be traced to 

just four ancestral stocks, the explanation is ultimately circular, for why could so many 

languages have diverged if not because of the small scale of traditional African 

economy and society?

More recent explorations of ethnicity have stressed its dynamic aspect. Since 

particular social formations fission or coalesce as individuals modify their practices 

and allegiances, in the long term, "ethnic loyalties reflect, and are maintained by, the 

underlying socio-economic interests of group members" (Patterson 1975:305; see also 

Otite 1990; Van den Berghe 1981). In this view, ethnolinguistic identity is part of the 

set of:

adaptive social strategies employed by functionally interacting human 

beings...Sociocultural systems ...can be understood as adaptation gambits 

selected for by population subgroups (Migliazza 1982: 498).

There are a large number of factors which could influence the size of 

ethnolinguistic group which develop, and in every region they will be intertwined in 

complex and locally-specific ways. Thus, the history of any particular group is a 

unique case and would require detailed longitudinal research to explain. However, we
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can also look for the main common factors in different cases, in an attempt to get 

closer to a general understanding of the evolution of linguistic diversity.

I will therefore approach the problem at two levels. In this chapter I present a 

regional case study from West Africa. In chapter 4 , 1 examine the global distribution 

of languages and apply the West African findings to the rest of the tropical world. The 

regional case study approach has the advantage that it allows a much greater detail of 

coverage, and West Africa ÿ  a natural choice. It has every tropical environment, from 

desert to rainforest. It is one of the most linguistically diverse areas of the world, yet 

it has areas of relative homogeneity which contain some of the world's more 

widespread languages. It is thus a kind of microcosm of the global distribution of 

language diversity.

Before beginning the case study, however, a brief discussion of the problems 

involved in quantifying linguistic diversity is called for.

3.1.1 Quantifying linguistic diversity

The methods used in this chapter and the next rely on counting the number of 

distinct languages in given areas. This requires the distinction to be made between 

languages and dialects.

The language/dialect distinction can be problematic and culturally loaded 

(Haugen 1966). Continua may be found in which all neighbouring varieties are similar, 

but the variétés at either end are quite different. Drawing the line in such cases is 

extremely hard. Linguists have proposed quantitative techniques for making the 

distinction, which are based on the measurement of mutual intelligibility (Casad 1974). 

However, these are unreliable, as intelligibility can be asymmetrical, situation-specific, 

variable from individual to individual, and distorted by the social situation (Wolff 

1959a). Furthermore, in most cases testing is not used and the distinction is made on 

much more informal grounds.

Such problems have led people to suggest the abandonment of the use of 

'language' as a technical term which describes a particular object (Hudson 1996:36). 

This conclusion seems to me to be too hasty. There are, as Hudson points out, 

perfectly clear cases of distinct languages. Where the situation is not clear, there will 

always be a certain amount of arbitrariness and approximation in the placement of a 

boundary. However, arbitrariness and approximation are not arguments against making
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a particular distinction if it is useful for some specific purpose (Hurford 1987:15-19). 

Ecologists count species in a habitat for the purposes of quantifying biodiversity. There 

are clear cases of distinct species. There are also cases where the distinction is rather 

arbitrary. There are animals which could physically interbreed but do not. There are 

groups, such as the equids, which can interbreed to a limited extent. There are 

continua, such as of gulls, in which neighbouring populations all interbreed but the 

populations at either end of the chain are quite unable to do so (Mayr 1976). Yet 

species diversity remains a useful analytical tool.

I would argue that counting languages can be similarly useful in the study of 

linguistic diversity, and that the language/dialect indeterminacy problem is not unduly 

troubling for the following reasons. Firstly, it doesn't matter how arbitrary the criterion 

for 'languagehood' is, as long as it is employed approximately self-consistently. As 

long as this is the case, counts of what linguists have deemed languages will yield 

some kind of reasonable measure of linguistic diversity. Linguists seem to agree 

enough in practice for this assumption to be made. Secondly, any vagueness or 

inconsistency in the procedures used will introduce effectively random error into the 

data. Random error will tend to obscure trends in the data, and thus make it much 

more difficult to obtain significant correlations between linguistic diversity and 

anything else. Thus if we do find such correlations, we can be very confident that they 

represent a real effect. Thirdly, the magnitude of variation between different parts of 

the world is so large, as the percentages given above for China and Papua New Guinea 

show, that the degree of precision required for a reasonable analysis is not impossible 

to obtain. Finally, the methods used here require only a count of the number of 

languages found within a given area. They do not require that boundaries be pinned 

down to a particular river or village.

In view of these points I shall proceed to use counts of languages from standard 

linguistic sources without further discussion.
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3.2 Linguistic Diversity in West Africa

In this chapter, I present an analysis of the linguistic geography of a large part 

of West Africa’, using Moseley and Asher's (1994) linguistic atlas as a starting point. 

In this section, some basic facts about the linguistic geography of West Africa are 

given. In section 3.3, I consider various factors which could have influenced the 

distribution of languages. In section 3.4, a theory based on the economics of 

subsistence is proposed to explain why ethnolinguistic groups are larger in some areas 

than in others. The theory's predictions are tested on the data in section 3.5.

The maps in Moseley and Asher's (1994) linguistic atlas show 708 distinct 

languages in the area under consideration. All of these languages are categorised by 

linguists as members of just three genetic phyla - the vast Niger-Kordofanian group, 

which includes all the Bantu languages of central and Eastern Africa, as well as the 

majority of West African languages, the Nilo-Saharan group, which includes Songhai 

and Kanuri, and the trans-Saharan Afro-Asiatic group, which includes Hausa and 

Tamasheq.

West Africa is made up of a number of different ecoclimatic zones, which fall 

in broadly West-East bands, from rainforest in the South near the coast, via savanna 

whose aridity increases as one moves North, to the Sahel and the fringes of the Sahara. 

The study area represents a broad transect through these different zones (map 3.1).

To investigate the distribution of languages, the area was divided into 2° square 

sectors, much as an ecologist interested in species diversity would divide a study area 

into quadrats. The languages shown in Moseley and Asher (1994) within each sector 

were counted. They are listed in Appendix I. The maps show the languages spoken as 

mother tongues in rural areas. Thus they do not reveal the ranges of second languages 

or lingua francas or provide much information on the urban linguistic situation.

The number of languages per sector varies from fewer than 5 in most of the 

Northern part to more than 50 in the sectors in the South-Eastern comer of the area. 

Thus the area's great diversity is very unevenly distributed.

1. The area from 6° to 18°N and from 12°W to 14°E. This includes parts or all of 
Nigeria, Ghana, Benin, Togo, Ivory Coast, Liberia, Burkina Faso, Sierra Leone, 
Guinea, Mali, Niger and Cameroon (see map 3.1).
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The languages within a given 2° sector do not of course cover equal areas. 

However, we can use the number of languages to calculate the average land area 

occupied by a language within each sector (henceforth Area). This is done by simply 

dividing the area of the sector by the number of languages spoken within it. Due to 

the shape of the earth, the sizes of the sectors are slightly different at different 

latitudes; they were calculated from Raisz (1962:148). Where a language is spoken in 

two sectors, it was deemed to add one half to the number of languages in each sector 

for the purposes of calculating the mean language size. For example, the sector 

6°N12°W has 8 languages which are spoken solely within it, four languages which are 

spoken in it and one other sector, one language spoken in it and two other sectors, and 

one language spoken in it and four other sectors. The size of the sector is 48,869.53 

km^. The mean language Area is therefore:-

48,869.53 / (8 x 1) + (4 x 0.5) + (1 x 0.33) + (1 x 0.2) = 4638 km"

The results of calculating Area (to the nearest km") for all 78 sectors are shown in 

figure 3.1. Two features stand out. Firstly, there is a tendency for Area to greatly 

decrease as one moves South, from the arid Sahel down into the lush Guinean forests. 

Several previous studies have noted that linguistic diversity tends to increase as one 

approaches the equator (Breton 1987; Nichols 1990,1992; Mace and Pagel 1995). It 

is thus closely correlated with biological diversity in general. Possible explanations for 

this association are discussed in section 3.3. Secondly, the highest diversity is found 

between 6°N and 10°N and 6°E and 12°E. This is the area of the highlands of 

Central/Eastern Nigeria and Cameroon. Again, the association of areas of linguistic 

diversity with mountainous terrain is common, and will be further discussed below.

One explanation for the observed distribution would be that there are simply 

more people in the lusher areas where there are more languages, with the languages 

having approximately the same number of speakers. This seems unlikely: by way of 

example, the area around Kano in linguistically homogeneous Hausaland is one of the 

most densely populated in West Africa. Fortunately, the hypothesis can be examined 

quantitatively.

To do so, data on the number of speakers for each language were gathered. 

Wald (1994) gives speaker data for over 400 of the 708 languages in the study area. 

These figures are standardised to 1990. Grimes (1988) and Grimes (1993) provide data 

on many of the remaining languages, bringing the total to 547. I have similarly
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standardised these figures to 1990 from the date of their collection (mostly during the 

1970s and 1980s) using the average national population growth rate for the appropriate 

country^. Following Wald (1994), I have not applied a growth factor to languages 

spoken by fewer than 1000 people, as such languages are likely to be in decline, and 

a figure of one thousand speakers indicates one thousand or fewer.

The speaker figures are given with the languages in Appendix I. For each of 

the 2° sectors, the median number of speakers for all the languages for which data was 

available was calculated. These medians are shown for the whole study area in figure 

3.2. It is clear that, far from being constant over the area, the average number of 

speakers per language (henceforth Speakers) varies in the same way as the average 

language size: there are fewer speakers per language as one moves towards the 

equator, and there are fewer people per language in the highlands than other areas at 

the same latitude. There is also a marked upturn in number of speakers per language 

in the centre of the Southern edge of the area. This coincides with powerful, dense, 

highly urbanised groups such as the Yoruba and their neighbours in Nigeria, and the 

Asante and their neighbours in Ghana.

In the next section, I turn to possible explanations for these patterns. I treat 

each of the main contributory factors in turn. These are physical isolation, political 

organisation, trade, transport, and a factor to do with the subsistence economy which 

I shall call the extent of generalised exchange.

3.3 Geographical Influences on the Distribution of Languages

3.3.1 Physical isolation

Early scholarship tended to see ethnolinguistic divergence as a natural 

consequence of physical isolation imposed by topography. For example, Mabogunje 

(1976:5) sees the linguistically diverse Central Nigerian Highlands as a "refuge zone 

for weaker...more primitive groups":

Driven to the hill tops or cut off within broad valley slopes, these small groups

2. Calculated from mid-year estimates in the UN Demographic Yearbooks for 1970 
and 1990 as: 2.88% for Benin, 2.6% for Burkina Faso, 3.6% for Cameroon, 1.94% 
for Guinea, 2.58% for Ghana, 5.25% for Ivory Coast, 4.08% for Liberia, 2.45% for 
Mali, 3.45% for Nigeria, 3.27% for Togo. No estimate is available for Sierra Leone, 
and the growth rate for Guinea has been used instead.
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or fragments of groups have continued to chart their own existence, oblivious 

of, and forgotten by, the world.

As I outlined in chapter 2, section 2.2.2, many anthropologists would question this 

isolationist position as a general theoretical approach. Furthermore, many temperate 

areas of the world have physical barriers without having the level of linguistic 

diversity found nearer the equator; as one ecologist has put it, mountain passes always 

seem to be higher in the tropics (Janzen 1967).

In the case of West Africa, the societal isolation model seems particularly 

inappropriate, as both the physical geography and the cultural history seem to show.

Isolation is not imposed by the physical geography. West Africa has few areas 

of elevation of over 1000 metres, and may be described as "over the whole, an 

immense, but non-uniform plateau" (OAU 1979; text to plate 3). This is not to say that 

there is no relationship between mountains and linguistic diversity. The most diverse 

area is, after all, the highlands, and I will discuss why this might be so in section 3.4 

below. However, the highlands are mainly high plateau rather than true mountains, and 

there is plenty of evidence that the reason for ethnolinguistic fragmentation is not that 

the groups lived in complete isolation. Mechanisms of inter-group contact and 

exchange were highly developed there (Sharpe 1982; Isichei 1982), as throughout West 

Africa (Hart 1983; Brooks 1993). As well as material, there was often also a flow of 

personnel across ethnic boundaries. As Brooks (1993:27) has put it, "individuals and 

families change their language and modify their social and cultural practices in ways 

that are often perplexing to outsiders".

With boundaries fluid, and the possibility of groups fissioning and setting off 

to form new settlements in the interior always present, in some areas "it is no 

exaggeration to suggest that tribal identification was as much a matter of individual 

choice as of the ascribed status of birth" (D'Azevedo 1971:18).

Aside from the historical evidence of inter-group contact and fluidity, the most 

visible evidence that an isolationist model is inappropriate comes from the language 

distribution itself. West African society is characterised by a high degree of 

multilingualism. For as long as can be determined, the whole area has been covered 

by lingua francas, which were spoken as second languages (map 3.2; Heine 1973), in 

addition to a high degree of local multilingualism. This seems to have been

78



B E D O i J I N  A]  

1 SONG
*'v^» /

■)T .n”F a MR A'p A

^ Â B I C
Lf"'

HAI I

... "

\

/

/

%

JD AiVLDAlNA / '
f ^

— c'MOORJ 
-y  MMJNÿŒ /
^ U SU  -----

I m e^ e ), ,
'k . - TWI- 

\  AYANTE

À^ïr-S'

/ ' :1 ivfORUBA FUpTUL.

J  { 

___________ _ -  'c:.‘

RI

L

p . , -

V ' ^

Map 3.2 Sketch map of the locations of major West African lingua francas 
(after Heme 1973).

79



particularly developed in the highlands (Sharpe 1982). We thus cannot argue that 

linguistic diversity arose from lack of access to common norms. It seems, on the 

contrary, that people have generally maintained distinct norms despite the availability 

of languages of wider communication. This finding requires us to shift away from 

thinking of ethnolinguistic diversity as a natural consequence of physical geography, 

towards thinking of it as an emergent consequence of people's behaviour. And this 

leads us naturally to wanting to know why people's behaviour would create groupings 

of the size we do find.

3.3.2 Political organisation

If the distribution of languages is determined by people more than physical 

geography, an obvious explanation for the extent of particular languages would be that 

they have been spread by particular empires or states. This, after all, is how the 

Romance languages were spread across Europe

In West African history, one finds a wide range of different political systems. 

On the Northern savanna, there is a thousand-year history of large states, beginning 

with the medieval empires of Ghana and Mali, and continuing through Songhai and 

Kanem-Bomu, to the Hausa and Hausa-influenced city-states and their eventual 

unification under the caliph at Sokoto in the nineteenth century. In the Southern, forest, 

belt, there is a rather more recent history of smaller city-states and kingdoms, such as 

Benin, Dahomey, Asante, and Oyo. In the interstices between these states, particularly 

in the so-called 'middle belt', one finds a vast number of groups lacking large-scale or 

centralised systems of authority (Horton 1985).

There are some obvious correlations between state-formation and language 

spread. The spreads of Asante and Yoruba in the South are probably products of 

combined demographic and political expansion, aided in the Asante case by access to 

gold (Iliffe 1995:79), and in both cases partly by external trade (Wolf 1982). The 

Northern areas, where languages tend to be larger, also have longer traditions of large 

empire. However, we should not exaggerate the importance of political factors, for two 

reasons.

Firstly, political boundaries are not generally linguistic ones. The Igbo language 

has a domain almost as wide as that of Yoruba, yet amongst the Igbo, formal political 

structures only extended up to small groups of villages, and even these seem to have
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been less important than village- or lineage- level bodies (Uchendu 1965). Similarly, 

Mendeland was unified in self-consciousness and language, but never in political 

arrangements (Little 1951:72), although theporo secret society provided an integrative 

institution above the level of the chiefdom. The domain of the Hausa language always 

seems to have been wider than that of any one the Hausa city-states, and the Tamasheq 

language of the Tuareg retains substantial unity over a very wide area despite political 

fragmentation and geographical dispersal (Ni col ai sen 1963).

Secondly, it is not the case that political development normally leads to 

homogenisation in mother tongues. The area of the 'pure' Hausa states, the Hausa 

bakwài, was more or less identical to the domain of the Hausa language. However, 

there is no evidence that it was state-formation which spread that language. Hausa is 

the only known indigenous language of the area (Adamu 1984:266). Its primary range 

probably predates state-formation, and I will argue below that its substantial uniformity 

can be attributed to the nature of production and exchange in rural Hausaland. As 

Hausa political and economic influence spread, the domain of Hausa as a second 

language spread too, but it did not extinguish other mother-tongues until very recently. 

Adamu (1976:4) argues that to this date, "in none of the areas surrounding Hausaland 

has the process of 'Hausanisation' (Hausa acculturation) obliterated completely any of 

the ethnic groups".

At the height of Hausa political power, the Sokoto caliphate contained people 

speaking literally hundreds of different languages. In the empire of Mali, the language 

of the élite was used for administrative purposes, but despite good communications and 

some cultural unity, ordinary subjects continued to speak their traditional languages 

amongst themselves (Niane 1984:152-153; Levtzion 1985:153-154). This is also true 

o f the Mossi states in Burkina Faso. One will look in vain for the footprint of these 

great states on a map of first languages; one finds it instead in a map of lingua francas 

(map 3.2), where Malinke, Moore and Hausa appear in the expected places. For states 

to become linguistically homogeneous, a degree of integration of ordinary people into 

the state-level economy is required which is rare in the preindustrial world and 

certainly not present in most of West Africa even today.

In short, the spread of political systems gives a potential explanation for the 

distribution of first languages only in a small number of cases. It does not seem likely 

to explain the overall North-South trend, or the extreme diversity of the highlands. We
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therefore turn to other factors.

3.3.3 Trade

Anthropologists have come to recognise that the pre-colonial West African 

economy was emphatically not a system of economically isolated 'tribes' (Wolf 1982; 

Hart 1983; Brooks 1993). In addition to numerous forms of local inter-group exchange, 

a highly developed system of long-distance trade, dominated by the Hausa and Dioula 

diasporas, overlaid the whole region under discussion in pre-colonial times (Hopkins 

1973). However, trade need not lead to linguistic homogeneity. It can take place by 

means of intermediary languages or pidgins, or local bilingualism, and so, as long as 

it remains a single-purpose, restricted form of exchange, it need have no effect on the 

mother tongue situation (Ehret 1988). Hausa trade networks cover all of West Africa. 

This, coupled with Hausa political dominance, has made it the lingua franca of a wide 

area, but as I have already argued, it did not until very recently become the mother 

tongue of anyone outside traditional Hausaland.

Of course, exchange is vitally important in creating social ties and therefore 

spreading languages. However, we need to distinguish different domains of exchange. 

Specialised commercial exchange need not lead to linguistic convergence; more 

generalised exchange does. I will set this distinction out fully in section 3.3.5 below.

3.3.4 Transport

Many authors have simply ascribed the greater extent of the Northern societies 

to the greater ease of mobility in savanna, as opposed to forest, environments (Smith 

1969:4; Hart 1982:30). As an explanation this has some promise, as it would partly 

account for the North-South trend. However, many of the most diverse areas, including 

the middle belt, are open savanna, so it certainly cannot be the main factor. I will test 

the importance of the forest/savanna distinction quantitatively in section 3.5.2.4.

Others have argued for the importance of non-pedestrian transport and 

communication. Smith (1970) describes the importance of the canoe in maintaining the 

unity of the states on the Niger river. Mabogunje (1976:27-28) has argued that horses 

and donkeys, less widely available in the South of the study area, significantly increase 

the mobility of people in the Northern half (Mabogunje 1976:27-28), and a special 

connection between African state-formation and cavalry has been urged by Goody
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(1971). Whatever the merits of these arguments in explaining differential political 

developments, they cannot account for the distribution of language diversity. Canoes 

were used just as widely amongst the numerous small groups of the Niger Delta as in 

Yorubaland or on the Niger bend. Ponies were widely used in the Central Nigerian 

Highlands, for both economic and military purposes (so much so that Blench [1993:94] 

describes the area as having a 'pony culture'), and yet the languages here are the 

smallest of all.

The logic of the mobility argument is the same as that of the geographical 

isolation position: that if  people could form larger groups they would, but sometimes 

they are prevented from doing so by the physical difficulty of contact. I will present 

an argument below with the contrary logic: that people form small groups because 

there is no economic payoff in forming larger ones, even though it would be feasible 

to travel more widely if  they so desired. I do not deny the importance of transport in 

conquest or commerce. However, I have argued that political domination and purely 

commercial trade are not of prime importance in determining the spread of mother- 

tongues. I shall argue that the local activities associated with subsistence are more 

important, and anyway, in rural areas, forms of transport other than walking account 

for only a small proportion of journeys, and are not used at all by most people 

(Bryceson and Howe 1993).

3.3.5 The extent o f  generalised exchange

I have argued that linguistic boundaries are not a natural consequence of 

physical isolation or poor communications. They are not usually determined by the 

domains of different political elites, and they can be traversed by trade networks 

without disappearing. If this is the case, we might well ask why they have developed 

or persist at all. To understand why this may be, we need to distinguish different 

domains of communication and exchange.

The existence of inter-group exchange does not mean that ethnolinguistic 

groups have no economic reality. The long-distance trade, and other regional 

mechanisms such as agriculturalist-pastoralist symbiosis, failed to integrate West Africa 

into one economy because their scope was limited in three ways (Hopkins 1973). 

Firstly, they were generally limited to specialised products which could be produced 

by one region group and not another, such as metals, salt, cloth, and low-bulk, high-
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value foodstuffs such as the kola nut. Secondly, they tended to cater mainly for higher 

income groups within the population. Thirdly, their extent was never such as to 

become the central component of subsistence strategies, except for the cases of a few 

professional traders. Thus inter-group trading can be seen as a specialised form of 

exchange for most communities: it was localised in space and time, restricted to 

particular commodities, and reciprocation (payment) tended to occur immediately.

Local, within-group exchange, on the other hand, had a generalised character^ 

That is to say, it involved all categories of goods, including most importantly land and 

staple crops, and more inclusive modes of exchange, such as sharing, gift-giving, 

loans, and other forms of mutual aid. It involved a complex tissue of social obligation, 

counter-obligation, and mutual dependence which bound extended families together 

through multiple and multivalent ties, as Otite's (1990:19-23) characterisation shows: 

Ethnic groups are cultural expressions of kith-and-kin ideologies...members 

learn to trust one another as overstretched classificatory brothers and 

sisters;show more loyalty to the group...kith-and-kin obligations were extended 

to others of the same group wherever they met and identified as such.

It seems to be around networks of generalised exchange that linguistic 

boundaries formed and were maintained. As the social marking theory of Nettle and 

Dunbar (in press) predicts, ethnolinguistic groups are best categorised as core networks 

of cooperation and mutual dependence. This is not to imply that every Fulani 

household, for example, is economically and socially related to every other, which is 

clearly not the case. If each one has links to a few dozen others, which in turn are 

linked to a few dozen more, the group contained within four or five links of the 

starting point can be enormous, as 'small-world' experiments have shown (Bernard and 

Kill worth 1979). The determinants of the overall network size are the number and 

dispersal of each household's contacts.

In linguistically homogeneous Hausaland, the domain of generalised exchange 

seems to have been very wide indeed. All foods have traditionally entered informal 

local markets which, acting as channels of social communication, are "an integrating 

force in rural Hausaland" (E.P. Scott 1976:215). The interdependence of compounds

3. My distinction between specialised and generalised exchange is partly based on 
Sahlins' (1972) between balanced and generalised reciprocity.
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{gidàajee) when it comes to the provision of food is extreme (Nicolas 1967; Raynault 

1977). Watts (1983:123) describes how:

Hausa communities in the nineteenth century were characterised by a rapid 

circulation of wealth through complex patterns of exchange and gift 

giving...The system of gift and countergift provided the very fabric of village, 

and indeed inter-village cohesion.

Where languages are less widespread, such as in the Central Nigerian 

Highlands, generalised exchange seems to have been more restricted. Kofyar villages, 

for example, were "traditionally little dependent on exchange" (Netting 1968:17).

The question of why there are more languages in some areas than others can 

therefore be more or less restated as the question of why households in some areas are 

involved in larger or more dispersed networks of generalised exchange than others. I 

now turn, in section 3.4, to a theory which purports to explain this, and which is 

tested in section 3.5.

3.4 Ecological Risk and Social Network

[In the world of the peasantry] between 80 percent and 90 percent of people 
lived from the land and from nothing else. The rhythm, quality, and deficiency 
of harvests ordered all material life. (Braudel 1985a: 49)

For a people who owns everything in common, everything we spend merely 
returns to us. (Wole Soyinka, Season o f Anomy).

Braudel's statement applies to any system where the economy is dominated by 

the needs of subsistence, as that of West Africa has been, and to a large extent still is. 

The staple crops of West African are yams and other roots, and rice, where rainfall is 

abundant and lasts through the year. Further North, sorghums and millets, which are 

well adapted to the constraints of a four- or five-month growing season, are the 

mainstay. Further North still, aridity and the lack of tsetse fly favour pastoralism and 

agro-pastoralism. For pastoralists, the constraints imposed on life by ecology are just 

as severe and have similar social consequences as for farmers (Horton 1985 :114).

The basic economic unit of West African societies is the extended family or
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compound group (Brooks 1993:34; Hopkins 1973: 21). As we have seen, it is the 

larger networks of generalised exchange which are also formed which ultimately give 

rise to different ethnolinguistic groups. A major economic theory concerning the 

formation and maintenance of social networks is the "ecological risk hypothesis", 

which states that their most important function is to "provide household social 

insurance against the "normal" risks of agriculture through an elaborate system of 

social exchange" (J. Scott 1976:9; Braun and Plog 1983).

The degree to which the amount of food available from the land fluctuates, 

both over the course of one year, and between years, is thought to be the most 

important constraint on subsistence economies. The risk of a crisis, during which 

insufficient food is available, increases as the number of different crops which can be 

grown decreases. It also increases as the number of different crop sowings which can 

be made through the year decreases. In both cases, this is because households have 

fewer independent opportunities to produce food, increasing the probability of all of 

them being hit by disaster. Risk also increases as the year-to-year variability of climate 

increases. Subsistence agriculturalists are thought to orient their socio-economic 

behaviour towards minimising the risk of starvation during a low in the food supply, 

rather than towards maximising their expected income.

Despite the importance of climate to subsistence economies, it is often difficult 

to identify the effects of climatic variations in the historical record. De Vries (1980) 

suggests that this is because societies develop strategies to deal with the worst 

scenarios to which they are likely to be subject. To understand the effect of subsistence 

risk on society, therefore, we should look at differences between societies which 

correlate with ecology, rather than events in individual societies following bad years. 

The ecological risk hypothesis states that a key adaptation to risk is the social one: 

people mitigate fluctuating food availability by means of exchange with other 

households in their network.

This is how Watts (1983:123) explains the evolution of such an extensive social 

economy in Hausaland: "[Gifts] in a strategic sense acted as enormous local investment 

networks" which insured households against the inherent variability of agricultural 

production. Similarly, for a Tiv ya, "large numbers of latent relationships can be 

activated" when necessary, and when the harvest arrives earlier in some parts of 

Tivland than others, the Tiv 'send hunger' by redistributing food across the region:
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This movement of food is not organised; it takes place on a kinship or 

friendship basis and is morally important to the Tiv.

(Bohannan and Bohannan 1968; 143).

Thus ecological risk is minimised by establishing social linkages, and the social 

linkages so established are no doubt the very same ones which are the lines of 

transmission of linguistic norms.

There is no advantage in making social networks any bigger than necessary. 

Social linkages are costly to maintain. The demands of the social economy in large 

groups can be so great as to seriously deplete production surpluses (see, for example, 

Nicolas [1967] on Hausaland). Furthermore, linkages outside the immediate settlement 

can only be maintained if there is direct contact, through visiting, or common market 

or social locations. Where transport is basically pedestrian, this is a costly business in 

time and energy". Thus social linkages, though they reduce the variation in available 

energy, also tend to reduce the mean. It follows that we should expect people to enter 

into networks of a size proportional to the amount of ecological risk they face. Where 

networks are too small and people suffer subsistence crises, they will seek to increase 

exchange with their neighbours, and the two groups may fuse. As Minnis (1985:20-21) 

puts it: "social groups faced with food provisioning problems will have to enlarge their 

social/economic network so as to have access to a more reliable food supply... The 

greater the provisioning problem, the wider the social network necessary." Where 

networks grow unnecessarily large, on the other hand, groups of villages or families 

will have a high incentive to move towards self-sufficiency and save themselves the 

costs of communication and integration. This seems to be what has happened in the 

linguistically diverse Central Nigerian Highlands: since "there is no annual 'hungry 

time'... in the hills", "hunger was rare and serious famine was known only in legend" 

(Netting 1968:80,5), and networks remained small.

The ecological risk hypothesis thus predicts that the size of ethnolinguistic 

groups should increase in proportion to the amount of ecological risk that they face. 

The social response to risk is effective for two slightly different reasons, and these 

give rise to two distinct hypotheses to be tested. Firstly, increasing the spatial extent

4. As the Hausa proverb has it: Zùmùntaa à /cafàà takè: good relationships depend 
upon feet.
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of social networks improves the reliability of access to food supplies because rains, 

crop failures etc. can be very localised, and a larger network gives access to more 

micro-environments and types of land. The exchange networks of the Kanuri in the 

Sahara, for example, gives them access to the products of the Sahel as well (Fuchs 

1983, 1984). This spatial averaging of risk gives us the first hypothesis.

Hypothesis 1: The spatial extent of ethnolinguistic groups will increase as the 

degree of ecological risk to which they are normally exposed increases.

Secondly, increasing the number of productive individuals in a network reduces the 

variance in the food supply per person as a simple consequence of the law of large 

numbers, which states that the total of a set of observations of a quantity increases 

linearly with the number of observations, whilst the variance of the observations 

increases only with the square root of the number of observations^. This numerical 

averaging gives the second hypothesis.

Hypothesis 2: The number of people per ethnolinguistic group will increase 

as the degree of ecological risk to which they are exposed increases.

The two hypotheses are not quite equivalent unless the population density of an area 

is uniform. As this is not the case in West Africa, I will test them separately.

A further hypothesis can also be formulated. If the cost of travel increases, for 

example because the terrain is mountainous, the relative utility of distant linkages will 

be reduced. This gives the third hypothesis.

Hypothesis 3: The size of ethnolinguistic groups will decrease as the terrain 

becomes more difficult to cross.

This hypothesis strictly applies only to the spatial extent of ethnolinguistic groups. 

However, I will test it against both their spatial extent and their numerical size.

5. See Wiessner (1977) for this argument applied to hunter-gatherers.
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3.5 Testing the Theory

All three of the above hypotheses were tested on the West African linguistic data 

shown in figures 3.1 and 3.2.

3.5.1 Data collection

3.5.1.1 Measures o f  linguistic diversity

The two measures of linguistic diversity are the average language Area, 

pertinent to Hypothesis 1, and the median number of speakers per language (Speakers), 

pertinent to Hypothesis 2, for each of the 2° sectors. These have already been 

calculated (section 3.2).

3.5.1.2 Ecological and relief measures

As temperatures are high and fairly uniform, and day length is relatively 

invariant through the year, the amount and seasonality of rainfall are the most 

significant constraints on the ecology of West Africa (Oguntoyinbo 1981). There are 

a number of ways of measuring the riskiness of an environment. Clearly, the total 

annual rainfall is relevant. However, above a certain limit, this may not of itself be 

crucial. More important is the proportion of the year in which useful plant growth can 

occur. This can be calculated using the P>2t rule, which states that the growing season 

is the number of months in which the monthly rainfall (in millimetres) is greater than 

twice the monthly temperature (in degrees centigrade). This rule has been found to be 

highly effective by agronomists and ecologists (Le Houérou 1989). The length of the 

growing season constrains the type of crops which can be grown, the number of 

different sowings which can be made, and the number of different crops which can be 

employed in the course of the year. It also dictates the proportion of the year when 

new pasture growth is produced. It is thus the key measure of variability in food 

production through the year. As within-year variability in precipitation is correlated 

with between-year variability (Oguntoyinbo 1981), the growing season formula also 

gives an indication of the likelihood of annual drought.

Measures of total annual rainfall, monthly rainfall, and monthly and annual 

average temperatures were obtained for at least one weather station in each of the 

sectors of the study area from Wemstadt (1972), and Jackson (1961). Where there was
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no station within the sector, data from the nearest available points were averaged. The 

annual average rainfall (Rain) and average annual temperature (Temp) were used in 

the analysis. The monthly temperatures and rainfall figures were used to calculate the 

length of the growing season (Growing), as described above.

Data on vegetation type (Veg) were also obtained for each sector from the 

vegetation maps in Wiebecke (1971). These were coded using the following scheme: 

1 = Desert and semi-desert, 2 = Savanna and grassland, 3 = Light forest, savanna 

woodland and secondary forest and 4 = Rainforest.

Three measures of relief were also collected. Firstly, the highest point in each 

sector was recorded from spot-heights on relief maps in OAU (1979). This variable is 

referred to as the maximum altitude (MaxAlt). In a couple of cases there was no spot 

height within the sector and the maximum altitude was estimated from contours. 

Secondly, the average altitude of each sector was estimated from the same maps 

(AvAlt). Thirdly, a measure of the amount of variability in altitude was obtained by 

drawing a pair of diagonal transects across each sector on the maps and counting the 

number of 100m contours crossed (VarAlt).

3.5.2 Results

3.5.2.1 Choosing among the ecological measures

All of the variables collected are shown in table 3.1 for each sector, along with 

the number of languages. Area, and Speakers (see section 3.2, above). The total annual 

rainfall increases from North to South. Similarly, the growing season increases from 

1 or 2 months at 16°N to 9 or 10 months at 6°N.

In order to conduct correlation and regression analyses on the data, it was 

necessary to log some of the variables to reduce their skewness and kurtosis values 

to an amount not significant at the 1% level. These were: Area, Speakers, Rain, Temp, 

AvAlt, and MaxAlt.

Table 3.2 shows the coefficients of correlation between all the variables. Both 

In [Area] and ln[Speakers] correlate highly significantly with the length of the growing 

season, the total annual rainfall, and the annual average temperature. They also 

correlate with two of the three measures of relief. However, the maximum altitude and 

the variability of altitude are themselves correlated with all of the ecoclimatic 

variables. It is thus unclear whether it is the relief or the ecoclimatic variables which
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Table 3.1 Ecological and linguistic data for all the sectors in the study area.

Lat. Long. Langs S peakers* Area® Growing Rain Temp Veg^ MaxAlt AvAlt VarAlt

16 -12 2 10849 1060946 1 239 32.75 2 522 200 7
16 -10 2 10849 1060946 1 292 32.75 2 230 150 3
16 -8 1 2293 1930963 0 108 32.75 2 338 200 7
16 -6 2 10849 1060946 1 250 32.75 2 259 200 0
16 -4 4 4897 242265 1 246 32.75 2 565 300 0
16 -2 3 2293 270065 1 157 32.75 2 253 250 1
16 0 4 1484 69844 2 262 32.69 2 250 300 6
16 2 2 4897 953566 2 228 32.88 2 525 350 7
16 4 2 4897 953566 2 150 32.88 2 426 350 5
16 6 2 4897 953566 1 158 31.44 1 687 400 11
16 8 2 4897 953566 1 150 31.44 1 1998 500 11
16 10 1 2293 1930963 1 150 31.44 1 390 350 1
16 12 1 2293 1930963 1 150 31.44 1 370 350 1
14 -12 5 1500 36960 4 731 32.31 2 336 100 13
14 -10 6 1897 52942 3 696 32.19 2 392 200 6
14 -8 6 1897 52942 3 508 32.19 2 298 250 3

14 -6 5 700 45855 3 504 31.13 2 275 250 1
14 -4 4 688 53132 3 477 31.13 2 777 300 7
14 -2 4 688 65310 2 361 33.44 2 516 250 2
14 0 5 2000 56843 3 349 33.44 2 1155 250 0
14 2 3 7500 10084 3 459 33.25 2 247 200 0
14 4 3 8000 442469 2 373 32.06 2 685 350 11
14 6 4 7750 360654 3 477 32.06 2 746 400 4
14 8 5 7500 173144 1 221 32.06 2 624 400 12
14 10 5 4500 39243 2 394 32.06 1 439 350 1

14 12 6 93 9038 1 198 30.56 1 318 300 1

a. Thousands

b. km̂

c. 1 = Desert and semi-desert, 2 = Savanna and grassland, 3 = Light forest, savanna woodland 
and secondary forest, 4 = Rainforest
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Table 3.1 continued

Lat. Long. Langs S peakers* Area® Growing Rain Temp Veg^ MaxAlt AvAlt VarAlt

12 -12 8 1500 28932 5 1360 31.66 2 522 200 31
12 -10 3 1500 64582 4 1146 31.66 2 602 300 17
12 -8 2 800 137081 5 1052 31.31 2 494 300 20
12 -6 6 590 35650 4 848 30.44 2 526 300 6
12 -4 11 129 8541 4 852 32.06 2 526 250 3
12 -2 4 2750 40448 4 771 31.89 2 519 300 2
12 0 5 2000 83582 4 806 32.00 2 369 250 0
12 2 5 2000 50572 4 585 32.63 2 218 200 6
12 4 3 8000 192546 4 702 31.56 2 346 250 1
12 6 2 13702 581574 4 719 31.56 2 750 400 7
12 8 3 8000 212890 2 691 31.44 2 750 350 3
12 10 5 6250 20584 2 392 31.00 2 630 250 4
12 12 6 120 17465 2 392 31.00 2 350 250 1
10 -12 4 1077 75644 6 1472 30.13 2 1036 500 44
10 -10 3 160 78061 6 1541 30.13 2 807 400 18
10 -8 6 450 29146 6 1305 30.30 2 726 350 39
10 -6 21 30 3034 5 1363 30.38 2 749 350 31
10 -4 19 100 3862 6 1082 30.12 2 458 250 14
10 -2 19 180 3881 6 1094 31.75 2 447 250 7
10 0 17 139 4123 7 1273 29.88 2 356 200 10
10 2 7 484 23781 5 1018 30.75 2 491 250 13
10 4 22 83 3253 6 978 31.00 3 508 200 14
10 6 12 38 11745 6 1328 28.00 3 640 500 7
10 8 64 3 875 5 1087 28.88 3 1594 500 28
10 10 23 45 2900 4 782 29.63 2 750 500 31
10 12 47 32 1146 5 957 31.22 2 1442 400 19

a. Thousands

b. km^

c. 1 = Desert and semi-desert, 2 = Savanna and grassland, 3 = Light forest, savanna woodland 
and secondary forest, 4 = Rainforest
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Table 3.1 continued

Lat.. Long. Langs S peakers* Area® Growing Rain Temp Veg*̂ MaxAlt AvAlt VarAlt

8 -12 12 223 6517 9 2153 29.19 3 1948 400 63
8 -10 12 505 10164 9 2266 27.25 3 1656 400 29
8 -8 8 450 16778 7 1491 29.88 2 995 350 21
8 -6 13 50 5593 7 1302 29.88 2 603 300 31
8 -4 15 50 5447 6 1033 29.25 2 635 250 9
8 -2 10 21 9435 7 1322 31.31 2 210 150 14
8 0 23 26 2653 7 1368 29.13 2 850 300 37

8 2 8 75 13498 7 1193 29.69 2 625 300 22

8 4 8 750 17475 7 1260 30.19 3 750 250 29
8 6 17 64 4217 6 1354 30.44 3 919 250 33

8 8 97 23 554 7 1209 30.44 3 1698 500 34
8 10 58 23 942 6 1000 28.81 2 2042 500 39
8 12 45 10 1453 6 1414 28.81 2 2049 500 64
6 -12 14 114 4638 9 2934 29.56 4 645 200 26
6 - 1 0 17 160 4291 9 1858 29.56 4 1752 300 24

6 -8 16 140 6597 9 1777 27.94 4 1189 300 28
6 -6 11 74 5229 8 1207 29.94 4 618 150 33
6 -4 11 240 7330 9 1376 28.81 3 725 200 15
6 -2 4 1296 15052 9 1475 28.81 3 788 250 16
6 0 23 30 2454 10 1416 30.00 2 1000 300 25
6 2 4 3458 29316 9 1803 29.68 3 362 200 15
6 4 12 755 5585 9 2758 29.94 4 750 250 28
6 6 26 450 2164 7 1811 30.50 3 312 200 30

6 8 80 23 680 7 1377 30.69 3 1795 300 33

6 10 59 30 948 8 2180 30.69 3 3008 500 60

6 12 15 33 3905 6 1414 28.81 3 1710 750 17

a. Thousands

b. km̂

c. 1 = Desert and semi-desert, 2 = Savanna and grassland, 3 = Light forest, savanna woodland 
and secondary forest, 4 = Rainforest

93



L n [A r e a ] L n ( S p e a k e r s ] G r o w i n g  L n [ R a in ] L n [T e m p ] L n [A v A l t ] L n [M a x A l t ]

Ln[Area] 1
Ln[Speakers] 0.85** 1
Growing -0.73** -0.60** 1
Ln[Rain] -0.76** -0.60** 0.92** 1
Ln[Temp] 0.62** 0.66** -0.76** -0.70** 1
Ln[AvAlt] -0.11 -0.24t 0.01 0.04 -0.35’
Ln[MaxAlt] -0.45** -0.46** 0.46** 0.43** -0.55’
VarAlt -0.60** -0.59** 0.66** 0.66** -0.61’

t  p < 0.05 * p < 0.01 ** p < 0.001

1

0.67** 1
0.33* 0.67*

Table 3.2 Correlations between the measures of linguistic diversity and the 
ecological variables.

are driving the correlation with linguistic diversity. The ecoclimatic variables are also 

highly correlated amongst themselves. It was therefore desirable to select just one 

ecoloclimatic variable, and one relief variable. The two variables should be 

independent as far as possible.

The technique used to do this was Principal Components Analysis. This is a 

data reduction technique which picks out the main dimensions of variation in a set of 

variables. In this case, Principal Components Analysis extracted just two significant 

factors. One is an ecoclimatic factor that correlates positively with rainfall, growing 

season and vegetation type^. The other is related to relief and is independent of the 

first. Figure 3.3 shows the correlation coefficients of all the individual variables with 

these two factors. Growing has the highest correlation with the first factor (r = 0.95,

d.f. = l l , p  < 0.001), whilst In [AvAlt] has the highest correlation with the second (r 

= 0.94, d.f. = l l , p <  0.001) and is not significantly correlated with the first {r= -0.13,

d.f. = 77, n.s ). Growing and ln[AvAlt] were thus selected as the sole independent 

variables for testing hypotheses 1, 2, and 3.

6. Vegetation type (Veg) is strictly speaking a categorical variable; however, it is 
included in this analysis because it can be thought of as an ordinal scale of increasing 
vegetation lushness.
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3.5.2.2 Testing Hypotheses 1, 2 and 3

To reiterate, the hypotheses were:

Hypothesis 1: The spatial extent of ethnolinguistic groups will increase as the degree 

of ecological risk to which they are normally exposed increases.

Hypothesis 2: The number o f people per ethnolinguistic group will increase as the 

degree of ecological risk to which they are exposed increases.

Hypothesis 3: The size of ethnolinguistic groups will decrease as the terrain becomes 

more difficult to cross.

Testing Hypothesis 1 by linear regression:- 

In [Area] = 13.00 - 0.59 Growing 

(r = 0.73, d.f. = 1 6 , p <  0.001)

This relationship is shown in figure 3.4. The addition of In(AvAlt) as an independent 

variable does not contribute significantly to the regression. Thus the predictions of 

Hypothesis 1 but not Hypothesis 3 are met.

Testing Hypotheses 2 and 3 by multiple regression: 

ln[Speakers] = 16.49 - 0.47 Growing - 1.42 ln[AvAlt]

(r = 0.65, d.f. = 15, p  < 0.001)

Thus the predictions of Hypothesis 2 are met. In this case, adding ln[AvAlt] 

contributes significantly to the regression. However, the effect is slight, only increasing 

the r value from 0.60 to 0.65, and it may simply be due to the fact that population 

densities are slightly lower in the more mountainous sectors, which produces a smaller 

number of speakers for a given language area.

The relationship between Growing and In [Speakers] is shown in figure 3.5. The 

effect of relief has been parti ailed out by adding 1.42 In [AvAlt] to ln[Speakers]. The 

spatial measure is better predicted by the ecology than the numerical one. As Ln[Area] 

and ln[Speakers] are highly correlated, and much of the additional scatter on figure 3.5 

is due to relatively small groups where population is unusually sparse (the desert edge) 

or very numerous ones where it is unusually dense (Hausaland and Southern Nigeria), 

it seems likely that it is the spatial process more than the numerical one which is
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driving the correlations.

3.5.2.3 Outliers

From the plots of the relationships (figure 3.4 and 3.5), two groups of 

deviations are apparent. Firstly, there are a couple of sectors from the Sahel with much 

more linguistic diversity than would be expected. These sectors contain a number of 

small groups such as the Buduma, Mober and Putai. Of these, at least the Buduma 

"subsist primarily by fishing" on Lake Chad (Murdock 1965:137). This protects them 

to a great extent from the extreme seasonality that affects pastoralism and agriculture 

at this latitude, and so it is not unexpected that they should form smaller groups than 

their non-lacustrine neighbours.

If  the regressions are rerun with the two main lacustrine sectors excluded, the 

relationships are slightly improved (In[Area] = 13.24 - 0.63 Growing, r = 0.76, d.f. = 

7 4 , <  0.001; ln[Speakers] = 16.96 - 0.51 Growing - 1.45 ln[AvAlt], r = 0.69, d.f. = 

13, p <  0.001).

The second deviation is the already-noted turn-up in the size of groups at the 

longest growing seasons. It is much more marked on the Speakers graph than the Area 

one, and so it is partly a simple consequence of the high density of population of the 

Southern central area. However, it is also evident in the language Area graph. One 

endogenous factor which could have contributed is the fact that agricultural production 

in the rainiest areas can be depressed by the lack of direct sunlight (Kassam and 

Kowal 1973). More important are the powerful expansions of Yoruba and Asante 

states already discussed in section 3.3.2.

3.5.2.4 Alternative Explanations

As mentioned in section 3.3.4, a possible alternative explanation for the overall 

trend is simply the greater ease of mobility in savanna, as opposed to forest, 

environments. As dense forest is found only at the longest growing seasons, this could 

be argued to be producing the correlations. However, closer examination of the data 

reveals that this is unlikely to be the case. Although all the Southern parts of the study 

area have some woodland, only five of the 78 sectors have rainforest as their dominant 

vegetation type. The regression relationships hold equally strongly when these five are 

excluded from the analysis (In[Area] = 13.11 - 0.63 Growing, r = 0.73, d.f. = l \ , p  <
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0.001; in[Speakers] = 16.83 - 0.50 Growing - 1.46 In[AvAlt], r = 0.66, d.f. = 10, p  <

0.001). Furthermore, within the 6° latitude band, where one finds both dense rainforest 

and the savanna of the 'Dahomey gap', there is no significant difference in linguistic 

diversity between the forest and non-forest sectors (Area: Maim-Whitney U = 15, « 

= 13, U .S .;  Speakers: Mann-Whitney t /  = 18, « = 13, n.s ). It thus seems that the 

difference between forest and savanna is not of itself an important factor.

3.5.2.5 Testing the robustness o f  the relationship

Regression analyses such as those used here assume the statistical independence 

of the data points. There are a couple of ways in which this assumption may have been 

violated in this study, and it is therefore necessary to check that the results are not 

artifactual products of such violations.

Firstly, many of the Northern sectors are covered by the same few large 

languages, and therefore they are not really independent samples of ethnolinguistic 

group-size. They are, in several cases, just repeated samples of the same groups. To 

check that this was not inflating the significance of the relationships, the analysis was 

rerun with the areas most dominated by the very large languages treated as single 

points. All of the 16°N band (which is dominated by Bedouin Arabic) was combined 

into one super-sector, whose values for Growing, AvAlt, and Area were the means of 

the component T  sectors, and whose value for Speakers was their median. Similarly, 

single super-sectors were created from the areas between 14°N12°W and 14°N0°E 

(dominated by Soninke and Songhai); between 14°N02°E and 14°N12E (Tamasheq); 

between 12°N12°W and 12°N06°W (Bambara); between 12°N04°W and 12°N02°W 

(Moore); between 12°N0°E and 12°N12°E (Hausa).

Even with the adoption of this harsh reduction in the sample size, the 

regressions produced basically the same results, albeit with lower r values and fewer 

degrees of freedom. Indeed, ln[AvAlt] now contributed significantly to the In [Area] 

relationship:

In [Area] = 18.67 - 0.40 Growing - 1.24 ln[AvAlt]

{r = 0.53, d.f. = 42, p  < 0.005)

and:

ln[Speakers] = 17.81 - 0.29 Growing - 1.90 ln[AvAlt] 

(r = 0.44, d.f. = 42, p  < 0.01)
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The second way in which the assumption of independence may have been 

violated arises from the fact that some of the groups in the study are culturally related 

to each other. The problem, which arises frequently in cross-cultural comparison, is 

that groups may share traits not because they have independently adapted to the 

environment in a certain way, but because they have inherited them from a common 

ancestor (Mace and Pagel 1994). In the present case, if all the Afro-Asiatic groups 

lived in the North and were large, and all the Niger-Congo groups lived in the South 

and were smaller, there would appear to be a correlation between ethnolinguistic 

group-size and growing season. However, it might simply be that large group-size was 

a result of some cultural practice common to all the Afro-Asiatic groups which had 

nothing to do with ecology. To show that this is not what is producing the results, and 

that the correlation represents a genuine adaptation, it would be necessary to 

demonstrate that large group-size had independently evolved a significant number of 

times as a response to ecological risk.

A good case can be made that that is in fact what has happened. The largest 

groups have widely different linguistic affiliations - Fulfulde is Atlantic (Niger-Congo); 

Bambara is Mande (also Niger-Congo); Hausa is Chadic (Afro-Asiatic); Tamasheq is 

Berber and Bedouin Arabic is Semitic (both Afro-Asiatic); whilst Songhai and Kanuri 

are Nilo-Saharan. In all the branches of the Niger-Congo phylum, and in the Chadic 

branch of Afro-Asiatic, one also finds numerous very small groups further South. 

Indeed, for the sectors where Niger-Congo peoples are found, there is a significant 

rank correlation between Growing and the median number of speakers counting just 

the Niger-Congo languages (r  ̂ = -0.65, n = 61, p  < 0.001). The same is true for 

Chadic (r  ̂ = -0.45, n = 23 ,p  < 0.05). It seems that the relationship between ecology 

and linguistic diversity obtains independently within the major phylogenetic groups and 

is not just an artifact of history.

Another possible problem with the results is that they are in some way artifacts 

of the linguistic boundaries used. For example, the results could be argued to be 

biassed by the fact that very large Northern languages such as Fulfulde have been 

considered as single languages with dialects whilst Yoruba has been treated as a small 

cluster of languages. On balance, there seems to be no linguistic case to answer here. 

As Mann and Dalby (1987) put it, "it is generally agreed that all the speech forms of 

the widely dispersed fulbe (and tukuloor) [i.e. Fulani] people are substantially
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interintelligible". Nonetheless, it is worthwhile investigating the extent to which the 

results are sensitive to different classifications of languages.

We can do this in a rudimentary way by dividing the number of appearances 

and number of speakers for each of the largest Northern languages by the number of 

distinct dialects of that language for which there is recorded evidence. Thus Fulfulde 

was divided into 23, Hausa into 2, Tamasheq into 7, Kanuri into 9, Bedouin Arabic 

into 3, Songhai into 11, and Zarma into 2 (Source: Mann and Dalby 1987). This 

change affected 51 of the 78 values of Area, and 35 of the 78 values of Speakers, 

although the rank correlation between the old and the new sets of values was very high 

(New vs. old Area, r=  0.92; new vs. old Speakers, r=  0.92; n = l%,p < 0.001 in both 

cases). The regressions were rerun using these values. They gave essentially the same 

results, with r values that were only marginally lower, though the gradients were less 

steep

ln[Area] = 11.37 - 0.37 Growing

(r = 0.62, d.f. = 16, p  < 0.001)

and:

ln[Speakers] = 13.81 - 0.24 Growing - 1.25 ln[AvAlt]

(r = 0.52, d.f. = 75, p  < 0.001).

Although there is probably no linguistic case for this division of the larger 

Northern languages, it is interesting that it makes no significant difference to the 

conclusion, as the groups are so vastly bigger than those further South. Overall, the 

relationship between language group and ecology seems remarkably robust.

3.6 Discussion

The observed distribution of linguistic diversity strongly support both Nettle 

and Dunbar's view that linguistic boundaries form around core networks of 

cooperation, and the economic hypothesis that social networks are responsive to 

ecological risk. The predictions of both the spatial and numerical averaging hypotheses 

are met, but the spatial measure is better predicted by the ecological variables. This 

may be because the dramatic recent growth in population has swelled some groups
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disproportionately. There is also limited and more equivocal evidence of a relationship 

between diversity and topography.

The facts that the effects of relief appear to be so slight, and the forest/savanna 

distinction of no importance, give an interesting indication of just how empirically 

inadequate theories based simplistically on physical geography are. Furthermore, the 

strength of the correlations tends to justify my argument in section 3.3 that subsistence 

factors are more important than political or commercial ones.

There is a great deal of variability in the data, which has been consistently 

underemphasised in the present analysis by taking averages over a large number of 

groups, by taking logarithms of group sizes, and by the simplification inherent in the 

production of the maps themselves. Beyond the broad trends outlined there are clearly 

many other influences, and a great deal of locally-specific historical process going on. 

It is not my intention to deny those myriad determinants or attempt to reduce West 

African history to a single dimension, but rather to understand a common theme. The 

interaction of ecological variability with specific demographic, cultural, and political 

situations is something that demands further research of a much more fine-grained 

character than that undertaken here.

It seems then, that, among the many influences on the evolution of 

communities in West Africa, subsistence risk has been one of the most important, 

leading people to form social networks of different sizes over the region. In the next 

chapter, I turn to the question of whether the same factors have been important in 

other parts of the world.
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- CHAPTER 4 -
DIVERSITY IN SPACE: 

A GLOBAL PERSPECTIVE

4.1 Introduction

In chapter 3, we examined the factors which were associated with the evolution 

of linguistic diversity in West Africa. Diversity is correlated with climate; as the 

growing season gets longer, and the environment therefore less seasonal, the average 

size of ethnolinguistic groups gets smaller. I proposed an economic explanation for this 

relationship; the more securely and reliably people can subsist, the smaller, both 

spatially and numerically, the networks of generalised exchange they need to form.

It is quite possible that the relationship between ecological risk and 

ethnolinguistic geography is unique to West Africa, where the social system has been 

dominated by the needs of subsistence, and the range and extremities of climate have 

made it a powerful historical determinant. On the other hand, we may be dealing with 

general principles which could form the basis for a comprehensive theory of language 

diversity.

In this chapter, I will investigate some of the causes and consequences of 

linguistic diversity across the globe. Firstly, in section 4.2, I test whether the 

correlation between ecology and linguistic diversity holds for the other tropical 

countries of the world. In sections 4.3 and 4.4, I go on to look at the relationship 

between linguistic diversity and the modem economy.

4.2 Climate and Linguistic Diversity in the Tropics

In this section, I test whether the relationship between the length of the growing 

season and the degree of linguistic diversity found in West Africa extends to the other 

tropical countries of the world. The reasons for using the Growing season formula as 

the single ecological variable were given in chapter 3. It proved useful there, and so 

no additional justification for employing it is given here. The relationship between 

linguistic diversity and relief is not dealt with, as the West African results showed it

104



to be a far less significant influence than ecology, and as the average relief of 

something as large as a country cannot easily be measured.

The tropical zone is strictly defined as the area between the tropics of 

Capricorn and Cancer, but for the present purposes, the broader definition of the area 

between 30°N and 30°S is preferable, as it captures more of the area of the climatic 

regimes we know as 'equatorial' and 'tropical'. Countries were included if they fall 

wholly or mostly within this region. I have not extended the analysis to the temperate 

latitudes for a number of reasons. Firstly, the growing season formula ceases to 

realistically reflect the possibilities of food production as one moves out of the tropical 

zone. In European countries, months may be classified as productive on the basis of 

temperature and precipitation, but actually produce no plant growth due to night frosts 

and short periods of daylight. Overall, plant growth is much slower than in the tropics 

due to lower temperatures. It is thus rather meaningless to equate the ecological risk 

of the Atlantic coast of Ireland with that of Southern Cameroon, on the basis of the 

nominal 10 or 11 month growing season that they both have. Secondly, the economies 

of the tropical countries are more rural and more dominated by subsistence activities 

than those of most of the temperate countries. The linguistic mix of many European 

countries today tells us more about the industrial revolution and subsequent waves of 

economic immigration than about traditional patterns of subsistence and exchange. 

Thirdly, most temperate countries have far less linguistic diversity than tropical ones 

- often approximating one country, one language, so there is much less variance to 

work with from a statistical point of view, and the figures are likely to be 

proportionately highly affected by recent population movements.

Our general hypothesis from chapter 3 was that as ecological risk increases, the 

average size of groups should increase, in two different senses; firstly, groups should 

cover a wider area (Hypothesis 1; 'spatial averaging'). Secondly, they should include 

more people (Hypothesis 2: 'numerical averaging')’.

The hypotheses can be straightforwardly extended from West Africa to other 

societies with one caveat. The West African groups were all farmers and pastoralists. 

The societies of hunter-gatherers are likely to pattern differently.

Farmers are limited in their movements because they have to tend or at least

1. See chapter 3 for a full explanation of the rationale behind these hypotheses.
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occupy their land. Pastoralists can move around more but are constrained by the 

mobility of their herds. Thus both farmers and pastoralists respond to risk by 

increasing their exchange networks. Hunter-gatherers have no crops or animals and so 

their ability to move on is almost unconstrained. They can therefore respond to risk 

simply by migrating in such a way as to track resources over the seasons. Hunter- 

gatherers do reduce risk by means of sharing and exchange (Wiessner 1977; Kaplan, 

Hill and Hurtado 1990; for formal economic models see Winterhalder 1986), but their 

groups remain relatively small as risk is primarily mitigated by mobility.

In terms of our hypotheses, then, hunter-gatherer groups should consist of fewer 

people than those of farmers or pastoralists living at similar growing seasons. As risk 

increases, the numerical size of hunter-gatherer groups will not increase as much as 

those of farmers or pastoralists, though their spatial extent may increase, because the 

foraging circuits over which they move will become larger, and the number of 

different groups which can be supported in a given area will decrease. I will examine 

these predictions in section 4.2.3.

4.2.1 Methods and Data Collection

The growing season formula gives us a simple way of quantifying ecological 

risk so that different areas can be compared. To recall, a month can support useful 

plant growth if the precipitation in millimetres is more than twice the average 

temperature in centigrade. A second condition needs to be added, however, as 

ecological productivity is limited by cold as well as aridity. The average daily 

temperature for the month must be more than 6°C for the month to be counted as 

productive.

Climate data for most of the world are available arranged by country 

(Wemstadt 1972). Each country has records for a number of stations which varies from 

a handful to over a hundred, over a time period which varies from a few years to 50 

or more. The stations are designed to be distributed evenly around each country. The 

mean of the growing seasons from all the stations in each country was found. Since 

countries are not ecological units, and are often large enough to span many ecological 

regimes, there is in some cases a danger of producing a meaningless 'average' climate 

which does not correspond to that experienced by any of its communities. As a 

safeguard against this, countries where the standard deviation of the growing seasons
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from the different weather stations was greater than 2 months were excluded. These 

countries were Algeria, Ethiopia, Kenya, Madagascar, South Africa, Sudan, Australia, 

Sri Lanka, Bolivia, Brazil, Ecuador, Guatemala, Honduras, Mexico, Nicaragua, 

Paraguay, Peru and Venezuela.

The living languages spoken in each country have been catalogued by the 

Summer Institute of Linguistics and published in the Ethnologue series, the most up 

to date of which is Grimes (1993). From this publication, the number o f living 

languages spoken by a resident community in each country (Langs) was obtained. 

Obviously, countries vary in size, so it is necessary to compensate statistically. 

Unfortunately, this cannot be validly done by dividing the area of the country by the 

number of languages spoken, because of the fact that many languages cross 

international borders. Simple division would inflate the linguistic diversity of smaller 

countries, because proportionately more of their languages extend into neighbouring 

countries. As a slightly better alternative, I have taken the (logged) area of the country 

as one independent variable in a multiple regression analysis. This allows us to take 

into account non-linear effects of area on the number of languages. Even using this 

method, very small countries are likely to produce misleading results. Many languages 

are spoken in the Gambia, for example, but the Gambia is a very narrow strip of land, 

and every one of these languages is also spoken in Senegal, except for English which 

is also spoken in many other places. It would thus be misleading to calculate the 

linguistic diversity of the Gambia as if all of its languages were contained within its 

small area. For this reason, countries under 50,000 km^ in area have been excluded, 

with the exception of Vanuatu and the Solomon Islands, which, despite their small 

sizes, both have large number of languages which are not spoken anywhere else. The 

countries included in the West African sample of chapter 3 were also excluded. After 

these exclusions, 43 countries remain in the data set.

In chapter 3, linguistic diversity was measured both in terms of languages per 

unit area, and languages per head of population. These two measures corresponded to 

the two different hypotheses. To test these hypotheses, figures for both the area and 

the population of each country were obtained from the Demographic Yearbook. The 

population figures are mid-year estimates for 1991.
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4.2.2 Results

Table A of Appendix II gives the number of living languages, population in 

thousands, area in km^, number of complete weather station records, and average 

growing season for 74 countries, including, for the sake of completeness, the West 

African countries and those with variable climates. In order to reduce skewness and 

kurtosis for the regression analysis, natural logs were taken of the Area, Langs, and 

Population variables.

When Hypothesis 1 from chapter 3 ('spatial averaging') is restated in terms of 

the present analysis, it gives the following.

Hypothesis 1: As the length of the growing season increases, the number of languages 

per country once area has been accounted for should increase.

By multiple regression:

In [Langs] = 0.58 ln[Area] + 0.23 Growing - 5.32 

(r = 0.66, d . f . = 40, /7 < 0.001)

The relationship between Growing and the number of languages once the area of the 

country has been controlled for is shown in figure 4.1. If the West African countries 

are included, it is obvious that they sit in the same distribution (figure 4.2). Indeed, the 

regression equation including them is virtually the same: 

ln[Langs] = 0.53 In [Area] + 0.24 Growing - 4.77 

(r = 0.65, d. f  .= 52, p  < 0.001)

It is also immediately apparent from figure 4.2 that all the South American countries 

fall well below the rest of the distribution. There are a number of possible reasons for 

this. One is the fact that only a tiny fraction of tropical South America is populated 

(less than 5% according to Partridge 1989:5). It follows that there will be many fewer 

groups than one would expect on the basis of area. Also, the vast majority of the 

population is coastal, of recent arrival, and Spanish or Portuguese speaking, and many 

languages have been lost. There are a number of peoples whose demise is known 

about, but many more who must have disappeared without record,principally through 

disease (Crosby 1986). In Cuba, the most extreme outlier in figure 4.2, the indigenous 

population was decimated within a very few years of European contact (Niddrie 1971:

108



O)

0 6
Growing

8 10 12

Figure 4.1 The number of languages in each country regressed against the length of 
the growing season once the effects of the country's size have been controlled 
for.
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Figure 4.2 The number of languages in each country regressed against the length of 
the growing season once the effects of the country's size have been controlled 
for, including the West African countries examined in chapter 3. The South 
American countries are labelled.
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82). Thus it is no surprise that there are fewer groups than one might expect on the 

basis of area or population.

If the South American countries are excluded, the regression relationship is 

much improved (figure 4.3):

ln[Langs] = 0.42 ln[Area] + 0.30 Growing - 3.48 

(r = 0.82, d.f. = 33, p  < 0.001)

The relationship is not just a product of comparing different continents. It also 

holds very clearly within the Asia/Pacific and African groups of countries (figure 4.4 

and 4.5):

Asia/Pacific: In [Langs] = 0.49 In [Area] + 0.32 Growing - 4.22 

(r = 0.87, d.f. = \ 5 , p <  0.001)

Africa: ln[Langs] = 0.50 In [Area] + 0.23 Growing - 4.37

(r = 0.77, d.f. = \5, p  < 0.01)

The remarkable similarity of these two independent equations show what a 

powerful and universal determinant ecological risk is. Unfortunately, the data from 

South America are too few (7 data points) to obtain an independent multiple 

regression.

The numerical averaging hypothesis can be restated as follows.

Hypothesis 2: As the length of the growing season increases, the number of 

languages per country once population has been accounted for should increase.

By multiple regression:

ln[Langs] = 0.33 ln[Population] + 0.18 Growing - 0.62 

(r = 0.63, d.f. = 40, ^  < 0.001)

The relationship between Growing and the number of languages once the population 

of the country has been controlled for is shown in figure 4.6. Again, the West African 

countries sit in the same distribution. Including them gives the equation: 

ln[Langs] = 0.34 In [Population] + 0.18 Growing - 0.65 

{r = 0.64, d.f. = 52, p  < 0.001)

Once again, the South American countries sit below the rest of the distribution.
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Figure 4.3 The number of languages in each country regressed against the length of 
the growing season once the effects of the country's size have been controlled 
for, with the West African and South American countries excluded.
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Figure 4.4 The number of languages in each country in Asia and the Pacific regressed 
against the length of the growing season once the effects of the country's size 
have been controlled for.
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Figure 4.5 The number of languages in each country in Africa (excluding the West 
African countries examined in chapter 3) regressed against the length of the 
growing season once the effects of the country's size have been controlled for.
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controlled for. The South American countries are labelled.
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Excluding them improves the relationship (figure 4.7);

In [Langs] = 0.25 In [Population] + 0.22 Growing - 0.32 

(r = 0.78, d.f. = 33,p < 0.001)

Again, the relationship holds independently in the two major continents:

Asia/Pacific: ln[Langs] = 0.24 In [Population] + 0.26 Growing + 0.02 

( a* = 0.82, d.f. = 15, p  < 0.001)

Africa: ln[Langs] = 0.10 ln[Population] + 0.20 Growing +1.55

(r = 0.64, d.f. = 15, /7 < 0.05)

The predictions of both ecological risk hypotheses are clearly met for the rest 

of the tropical world, as they were for West Africa. If the countries with very variable 

growing seasons, which were excluded (see 4.2.1 above) are included, the significance 

of the relationships is not changed, the r values being slightly lowered (Hypothesis

1. r=  0.61, d.f. = 5S,p  < 0.001; Hypothesis 2. r = 0.54, d.f. = 58,/? < 0.001; South 

America included. West Africa excluded in both cases).

4.2.3 Hunter-gatherers

We predicted in section 4.2 that hunter-gatherer communities would be smaller 

than those of comparable farmers or pastoralists, particularly in numerical terms. This 

seems to be borne out by the evidence. In Africa, the San communities of Botswana 

number between a few hundred and about ten thousand; Tswana farmers at the same 

latitude number 3 million or more (Grimes 1993). The best test of the prediction 

comes from comparing Australia, which is the one major country populated entirely 

by hunter-gatherers in pre-colonial times, with the rest of the distribution.

Australia is one of the countries whose growing season has a standard deviation 

of greater than two months, and is therefore excluded from many of the analyses. Its 

growing season value is also rather unrepresentative; the average of 6.0 months reflects 

the fact that there are many more weather stations around the coast than in the interior, 

and a more accurate value for the whole land mass would be much lower. Nonetheless, 

bearing these limitations in mind, we can examine where Australia falls in the total 

distribution of countries.

The pre-colonial aboriginal population of Australia was thought to be about

251,000 (Yengoyan 1968:190). When this value and the Growing value of 6.0 months
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Figure 4.7 The number of languages in each country regressed against the length of 
the growing season once the effects of the country's population have been 
controlled for, with the West African and South American countries excluded.
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are substituted into the best regression equation for In [Langs] on In [Population] and 

Growing, the predicted number of languages is 30.27, with a 95% confidence interval 

for the prediction which ranges from 9.39 to 111.05 languages. The number of living 

languages is in fact 234, and at least another 32 are known to have gone extinct in the 

last 200 years.

This calculation is slightly artificial, since the regression equations are produced 

using contemporary population statistics, whereas the Australian figure is an estimate 

of about two hundred years ago. The population of the world in general has grown six- 

or seven-fold since 1800, which is when contact with Aboriginal Australia really began 

(Braudel 1985a:51). Nonetheless, the calculation does seem to confirm that hunter- 

gatherer groups tend to consist of fewer individuals for a given ecological regime than 

farming or pastoralist ones.

It was also predicted that, with increasing risk, the numerical size of hunter- 

gatherer communities would increase less than that of other communities, though their 

spatial extent might increase. This also seems to be confirmed by aboriginal Australia. 

The numerical size of the aboriginal tribe was relatively constant, at around 500 

individuals (Yengoyan 1968:188-189), slightly less on the coast^. The spatial extent 

of the foraging territory it covered varied with rainfall. Ranges were largest in risky 

arid areas and smallest where rainfall was abundant (Birdsell 1953). Thus hunter- 

gatherers average out ecological risk primarily by moving, whereas less mobile people 

have to do it by social exchange, which makes the resources come to them.

The most interesting implication of this difference between hunter-gatherers and 

farmers or herders is that there must have been much more linguistic diversity in the 

world, certainly in relative terms and perhaps absolutely, before the origin of 

agriculture. Although population sizes and densities would have been lower, groups 

would have been much smaller. As farming spread, it would have entailed the fusion 

of numerous small and previously distinct groups. The spreads of Indo-European and 

Bantu languages across their respective continents have been attributed to agriculture- 

based expansion (Renfrew 1987). It seems likely that as they spread they obliterated

2. The figure of 500 is always given in the literature. In fact, dividing the estimated 
total population by the number of known languages gives a number closer to 1000. 
There are several possible reasons for this; several tribes may have spoken one 
language, or there may be languages which were never identified, or simply error in 
the population statistics.
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many hundreds of smaller languages. Consider the following example. The population 

o f Africa in 1650 was thought to be about 100 million (Braudel 1985a;42). Aboriginal 

Australia had one language for about every 958 people (251,000, the population, 

divided by 266, the approximate number of languages). Much of Africa is less arid 

than Australia, but assuming the same ratio of people to languages produces an 

estimate of over 104,000 languages for Africa if it was a continent entirely peopled by 

hunter-gatherers. I am not suggesting that anything like this number ever existed. The 

number o f people the continent could support by hunting and gathering is very much 

lower than 100 million, and agriculture and herding were early developments. 

However, it does give some sense of the magnitude of diversity which could have 

preceded the spread of agriculture.

4.2.4 Conclusion

The results of this analysis indicate that ecological risk has been an extremely 

important factor - probably the most important single factor - in people's strategies of 

group formation and communication not just in West Africa but in the tropical world 

as a whole. Hunter-gatherer ethnolinguistic groups are smaller than those of farmers 

and herders in similar ecological regimes, and pattern somewhat differently, but this 

does not change the overall conclusion. Many other types of influences - demographic, 

topographic, and so on - have also no doubt played major roles in the evolution of 

ethnolinguistic groups. However, the strength of the correlations suggests that none has 

been as strong or general as ecological risk. This means that the relationship between 

linguistic diversity and species diversity is a general one, since ecological risk factors 

influence species diversity (Nichols 1992:316).

We have been dealing with the relationship between linguistic diversity and the 

past subsistence economy. In the next section, I examine the relationship between 

linguistic richness and the development of the modem economy.
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4.3 Linguistic Diversity and the Wealth of Nations

4.3.1 Introduction

Apart from the few ecological studies I have mentioned, the only literature on 

the correlates of linguistic diversity is in economics and sociology, and it takes a very 

different approach to the present one. Economists have posited a relationship between 

linguistic diversity and poverty, as the former is supposed to be associated with 

reduced mobility, imperfect markets, poor communications, and resistance to the 

spread of ideas and technology. The causal nexus in this supposed relationship points 

sometimes one way, sometimes the other. For example, for Greenberg (1956:110), it 

is the level of economic development which determines the level of linguistic 

diversity:

Our general expectation...is that areas of high linguistic diversity will be those 

in which communication is poor, and that the increase of communication that 

goes with greater economic productivity and more extensive political 

organisation will typically lead to...the ultimate disappearance of all except a 

single language.

On the other hand, Dalton (1970), as we saw in chapter 3, attributes the small 

scale of the African economy to the "absence of widely shared language". Likewise 

for Lenin (1961; cited in Coulmas 1993:41):

the uniformity of language .is one of the most important presuppositions of a 

truly free and all-encompassing modem capitalism...and eventually a 

presupposition of the close relation of the market with every entrepreneur, even 

the pettiest, with every seller and buyer.

There are two particularly famous studies which claim to produce evidence for 

the relationship. Fishman (1968) used a global sample of countries which were divided 

into a linguistically homogeneous group and a linguistically heterogeneous group. The 

two groups were then compared using a large number of social and economic 

'indicators'. The results are fairly overwhelming: linguistically heterogeneous countries 

are found, on average, to have higher death rates, higher infant mortality rates, lower 

female life expectancy, lower Gross National Products, lower government revenues.
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fewer students enrolled in higher education, lower literacy, more totalitarian and less 

participatory government, and fewer TVs, radios, and newspapers per capita than 

linguistically homogeneous ones. Fishman concludes that:

One cannot help but come away from this recitation of findings with the 

decided impression that linguistic homogeneity is currently related to many 

more of the "good" and "desirable" characteristics of polities than is linguistic 

heterogeneity....All in all, linguistic homogeneity characterizes the state in 

which primordial ties and passions are more likely to be under control, cultural- 

religious homogeneity and enlightenment are advanced, more modem forms of 

heterogeneity via associational, institutional, and political groups are fostered, 

and in which the good life is within reach o f a greater proportion o f  the 

populace. (Fishman 1968:60, my emphasis)

In the second study. Pool (1972) correlated countries' GDP with their degree of 

linguistic heterogeneity, and concluded, in support of Fishman, that whilst 

linguistically homogeneous countries could be poor, heterogeneous ones could never 

be rich.

The present research stems from a rather different perspective. I have argued 

that tropical communities remain small precisely because there has been no economic 

payoff for people in enlarging their networks of exchange. The Fishman-Pool 

hypothesis suggests the opposite; people would be better off forming larger and more 

homogeneous groups. There are several possible ways of resolving this contradiction. 

One is that the Fishman-Pool hypothesis is incorrect. Another is that my argument is 

true of the subsistence economy in the past, but has ceased to be true in the context 

of the modem economy and all that it can provide. In this section, I critically examine 

the Fishman-Pool hypothesis, attempting to reproduce their correlations with a more 

comprehensive and accurate data set. I then consider the results, their relationship to 

my ecological account, and their implications.

4.3.2 Linguistic diversity and Gross National Product

4.3.2.1 Methods

In this section I attempt to replicate Pool's findings using contemporary global 

data. Social and economic indicators for most of the world's countries are given by the
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World Bank's World Development Report 1993. I have used per capita GNP rather 

than Pool's per capita G D P\ as the former is the economic statistic most often used 

as an indicator of socio-economic development. The difference between them is not 

great: on a global basis, the rank correlation of countries' GNP and GDP figures is 

above 0.9 (McGillivray 1991: Table 4). There are no reliable data for the former 

Soviet Republics, and I have excluded countries under 10,000km^. This leaves 107 

countries in the data set. GNP per capita statistics are available for 104 of these.

Pool (1972) measured the linguistic diversity of a country by the percentage of 

the national population who were native speakers of the most widespread language 

(henceforth %FL). Fishman (1968) categorised countries dichotomously on the same 

basis, using 85% as the criterion for linguistic homogeneity. I have also gathered this 

percentage for each country from Globe (1990). The percentages range from 9 for 

Cameroon to 100 for Rwanda and several others countries. However, This indicator 

measures linguistic diversity in a somewhat different sense to that which I have been 

using so far, which is the size of ethnolinguistic groups. The first-language percentage 

fails to distinguish between countries like Rwanda, which is uniform because it is very 

small, even though it is in an area of high diversity, and those which are uniform 

because they contain large linguistic groups. Furthermore, the first-language percentage 

is much lower in those countries which were recently created by colonial powers 

without respecting traditional social boundaries. Niger, for example, has rather low 

diversity by African standards, certainly lower than Rwanda's, in that it contains very 

large ethnic groups. However, it has the first-language percentage of 46% (i.e. high 

diversity in Pool's and Fishman's terms), because it is so large and its frontiers don't 

correspond to the historical territories of any of those groups, but rather represent the 

place where the French moving South from Algiers met the British moving North from 

the Bight of Benin. %FL is therefore likely to overestimate the linguistic fragmentation 

of recently colonised states, which also tend to be poor.

For this reason, I have adopted, alongside %FL, a measure of languages per  

million capita (LPC), which is the number of languages spoken in the country divided

3. GDP is the income generated within an economy in a given year, whereas GNP is 
the income accruing to the residents of a country in that year. GNP is therefore GDP 
plus income from investments abroad, minus income earned within the country by 
foreign investors.
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by the population in millions. This is much closer to the measures of linguistic 

diversity I have been using in earlier analyses. It is not quite the same, since in that 

case linguistic diversity was the dependent variable, with ecology and the size of the 

country as the independents. This time LPC is the independent variable, with GNP the 

dependent. The numbers of living languages per country are from Grimes (1993), as 

before, and the population figures are 1991 mid-year estimates from the Demographic 

Yearbook 1993. The GNP and languages per capita (LPC) figures have been logged 

to reduce their skewness and kurtosis.

4.3.2.2 Results and Discussion

The data are given in table B of Appendix 111. There is a significant correlation 

between %FL and In GNP {r = 0.50, d.f. = 103, /? < 0.001). Figure 4.8 shows this 

relationship and demonstrates graphically Pool's conclusion: the gap in the top left 

quadrant shows that whilst linguistically uniform countries can be poor, linguistically 

fragmented countries are never rich. Similarly, there is a significant though less strong 

negative correlation between InLPC and InGNP {r = -0.26, d.f. =103, p  < 0.01). Thus 

by either measure, high diversity correlates with low GNP. As one would expect, the 

two linguistic diversity measures are themselves highly significantly correlated (r=  - 

0.56, n = 106, p  < 0.001).

This result agrees with Pool's. However, there are a number of problems with 

its interpretation. In particular, it is quite possible that the inhabitants of linguistically 

heterogeneous countries have lower GNP without having a lower quality of life, since 

the extent to which GNP genuinely reflects human welfare has been frequently 

questioned in the literature (Hicks and Streeten 1979; Morris 1979; Anderson 1991).

The theoretical problems involved in using GNP as a national-level 

socioeconomic indicator fall into three major categories. Of these, the second two are 

most likely to distort our results.

Firstly, GNP assigns no value to environmental resources except when they are 

liquidated. Logging a forest and selling the timber will always increase GNP in the 

short term, as no account is taken of the fact that the capacity for future revenue - 

through hunting, gathering, sustainable forestry, and so on - is thereby reduced. A 

more accurate measure of long-term wealth would need to subtract an amount for 

deterioration in environmental resources, just as the conventional net national product
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Figure 4.8 Per capita GNP (1991 US$) plotted against the percentage of the 
population who are native speakers of the country's first language.
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makes deductions for the depreciation of capital (Anderson 1991; Hartwick 1990). This 

distortion is unlikely to affect our results, however, as our current concern is the 

relationship between linguistic diversity and the quality of life across societies, and the 

environmental problem, though important, is mainly a failing of GNP as indicator 

across the years.

The second major problem with GNP is that figures from different countries 

are converted into a single currency (usually US$) at the prevailing market exchange 

rate. There are many reasons, mainly connected with government policies and the 

operation of international financial markets, why such rates do not always reflect the 

real purchasing power of the currencies involved in their respective countries. It has 

been argued that relative GNP figures would be very different if they were calculated 

on the basis of the purchasing-power parity rate (the rate at which 1 US$ buys the 

same basket of goods in the US as its equivalents in other currencies do in their 

countries), rather than the market rate. However, the difficulties in actually calculating 

such a rate are extreme, not least because different basic goods are available, and the 

same goods have different demand characteristics, in different environments. The 

absence of comprehensive data using this method is a limitation of all cross-national 

comparisons which use GNP, and particularly those comparing industrialised with 

developing countries.

The third problem is even more relevant to the present result. The Gross 

National Product measures the total income received by the inhabitants of a country 

in a given year (Anderson 1991:19). It is therefore primarily a measure of the extent 

of monetised exchange. It does not record transactions which are non-monetised such 

as gifts, barter, help given to kin or neighbours, and so on. Furthermore, it tends to 

miss or underestimate the value of domestic production which never enters the market 

but is consumed at home. The inclusion of these activities would make a very large 

difference to the economic profile of even the industrialised countries (Bonke 1992).

I have argued that linguistic groups should be seen as systems of generalised 

exchange, and that linguistic diversity arises precisely where the scope of such 

exchange is limited. Money is another system of exchange, analogous to language in 

many ways (Coulmas 1992, chapters 1 and 2), and we should not be surprised to find 

that the scope of the one system is related to that of another. GNP will tend to be low 

where the economy is very local, people are self-sufficient, and transactions are non
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monetised. These are precisely the conditions required for high linguistic diversity. 

Large linguistic groups arise where there is more intense exchange over longer 

distances; GNP will be higher under such circumstances because more of the goods 

produced will enter the monetised market, and they will tend travel further and to pass 

through more intermediaries, with the corresponding additions of value.

In sum, GNP per capita does not necessarily relate directly to human welfare 

(Anderson 1991), as it doesn't account for the non-monetary economic strategies 

people may employ to procure their livelihoods. As Davies (1992:3) has put it:

successive governments - over several centuries - have found it easier to collect 

statistics in the marketplaces rather than round the dinner-tables of the 

nations...it easier to describe market transactions... than it is to measure Sunday 

lunch.

The correlation with GNP may not, then, mean that linguistic diversity is associated 

with a low standard of living. Economists have attempted to overcome the limitations 

of GNP accounting either by producing 'composite' indices, which combine GNP with 

other variables pertaining directly to the quality of life (Drewnowski and Scott 1966; 

Morris 1979; though see McGivillray 1991 for a critique of this approach), or by 

bypassing monetary statistics altogether and examining the relevant social indicators 

directly. This is the aim of the next section.

4.3.3 Linguistic diversity and social indicators

4.3.3.1 Indicators

The best universally-applicable indicators of long-term well-being are health 

statistics. Amongst these, the life expectancy at birth (LE), is one of the most 

informative and widely available and has been proposed as a direct measure of socio

economic development (Anderson 1991).

To test whether there was any relationship between life expectancy and 

linguistic diversity, data was gathered on them from World Bank (1993) for the same 

107 countries as in the previous analysis. The data were logged to reduce skewness 

and kurtosis.
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4.3.3.2 Results

LnGNP in fact correlates extremely highly with the logged life expectancy, 

InLE {r = 0.84, d.f. = 103, /? < 0.001). It is known that, within the developing 

countries, as GNP increases health care expenditure increases (Gbesemete and 

Gerdtham 1992) and child health improves (Gbesemete and Jonsson 1993). These 

findings support the view that despite the theoretical problems, GNP may be a useful 

indicator of socioeconomic development when comparisons are made at very 

macroscopic scales (Lane and Ersson 1988; McGillivray 1991). Of course, there are 

instances of a discrepancy between the economic and social indicators, and these are 

of interest in their own right to those seeking ways to improve living standards in 

particular countries (Holloway and Pandit 1992).

The Pearson correlation coefficient between InLE and %FL (the percentage of 

the population speaking the country's first language) is 0.60 {d.f. = 106, p  < 0.001). 

That between InLE and InLPC (languages per million capita) is -0.41 {d.f. = \06 , p  < 

0.001). Both relationships are thus highly significant, and in the direction predicted by 

the Fishman-Pool hypothesis - higher linguistic diversity being related to lower life 

expectancy. What is more, the correlations are actually stronger than those between 

GNP and linguistic diversity.

This result might seem to be rather strong support for the Fishman-Pool 

hypothesis. However, there is another type of methodological problem in analyses such 

as this. Countries are not really statistically independent examples of economic 

evolution. On the contrary, the economic development of neighbours is often closely 

linked. The distribution in figure 4.8 is actually made up of clusters of geographically 

close countries. In the top right-hand comer, there is the high income cluster of 

Western Europe. Economic take-off in this region occurred through a region-wide, self

reinforcing process involving population growth, agricultural intensification, the 

creation and investment of surplus wealth, and technological change (Braudel 19856: 

588-618). Although one can argue about when the critical changes really took place 

(Gimpel 1976), it is clear that this series of revolutions was in some sense a unitary 

phenomenon rather than a set of independent events in different countries. Europe was 

also a region of low linguistic diversity. It has been argued that the two facts were 

connected (Coulmas 1992: 26-36), and of the course such a connection is what is at 

issue in this investigation. The point is, however, that the European countries only
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constitute a single data cluster.

In addition to the Western Europe cluster, there is a mid-income cluster in 

South America. These countries have similar GNPs due to their common history and 

articulation with the world economy, and similar, rather low linguistic diversity for 

reasons due to their geographical position and the effect of disease on the indigenous 

inhabitants. Most of the rest of the countries in the world are rather poor in GNP 

terms. Thus, there may be as few as three clusters of economies in the data, and even 

these are not statistically independent, considering the role of European expansion in 

the (lack of) development of the rest of the world. Thus a correlation analysis, which 

assumes the independent occurrence of the events described by the data, is strictly 

speaking invalid. In the next section, I use two different methods to attempt to defuse 

this problem.

4.3.3.3 Controlling fo r  artifacts

Statistically, the problem of the non-independence of countries is the same as 

that encountered in comparing related languages (Dryer 1989) or cultures (Mace and 

Pagel 1994). There are a number of possible approaches. One is to divide the countries 

of the world into the bands conventionally used by economists, and found in World 

Bank (1993):- Low Income (1), Lower Middle Income (2), Upper Middle Income (3), 

and High Income (4). Neighbouring countries with shared economic histories will tend 

to fall into the same band. If there is any genuine relationship between linguistic 

diversity and living standard, it should be detectable within the bands. Another method 

is to try to control for the economic development itself and look for relationships 

between linguistic diversity and social welfare in the residual differences between 

countries. I will carry out each analysis in turn.

The correlation coefficients between linguistic diversity and the social 

indicators for the countries split into the four income bands are shown in table 4.1. Six 

of the 8 correlation coefficients are significant individually, and 7 out of 8 are in the 

direction predicted by the Fishman-Pool hypothesis. Considering them collectively by 

using Fisher's procedure for combining probabilities (Sokal and Rohlf 1981), both 

correlations are highly significant. Thus there is strong evidence that the same 

relationships obtain within the bands as in the sample as a whole.

The second method of controlling for artifacts is to control for economic
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Band InLPC/lnLE %FL/lnLE

1 -0.46 t 0.30 *
2 -0.56 t 0.66 t
3 -0.54 * 0.76 t
4 -0.12 -0.15

Fisher's Test 36.61f 35.33t

t  /? < 0.01 * /? < 0.05

Table 4.1 Correlation coefficients between the measures of linguistic diversity 
and the social indicators with the countries divided into bands

development, which in practice means controlling for GNP, and looking for residual 

correlations between linguistic diversity and social indicators. Fishman employed this 

strategy in his original (1968) paper. It may seem rather an odd one; we began this 

section with the claim that linguistic diversity and GNP were causally linked, and then 

saw that GNP predicts social indicators very well. To control for it therefore seems 

like eliminating what is at issue. However, if there was a residual correlation, it would 

be strong evidence of a real relationship between social welfare and linguistic 

diversity, as most of the differences between the developing world and the developed 

world by which an artifactual result might be produced would have been statistically 

eliminated.

The partial correlations between the InLE and the linguistic indicators once 

InGNP has been controlled for are as follows: lnLE/%FL: 0.36 {d.f. = 105,p  < 0.001); 

InLE/lnLPC: -0.34 {d.f. = 105; p  < 0.001). There is still a significant negative 

relationship, albeit a weaker one, between linguistic diversity and life expectancy when 

economic development is controlled for.

The outcomes of these two procedures tend to suggest that the evidence 

supporting the Fishman-Pool hypothesis is not simply an artifact. There seems to be 

a robust, though weak, negative correlation between linguistic diversity and the quality 

of life, which support's Fishman's claim. In the next section I discuss the implications 

of this result.
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4.4 Discussion

The results appear to provide some support for the Fishman-Pool hypothesis, 

though the weakness of the correlations show that the effect is very slight at best. If 

true, the Fishman-Pool hypothesis shows that a disjunction has thus grown up between 

the past subsistence economy and the modem one. In the past, as I have argued, there 

were no incentives for tropical peoples to get involved in wider systems of generalised 

exchange, and so many small languages evolved. This situation would appear to have 

changed. There does now seem to be a small quality-of-life advantage in forming 

larger groups. There are many reasons for this. In most countries, the importance of 

the state has in people's livelihoods has grown enormously over the last hundred years 

or so. Linguistic homogeneity may foster more efficient state functioning and make it 

easier for people to gain access to the national economy, as Fishman argued. In many 

developing countries, the state is also the point of access to the international economy, 

which means modem technology and particularly modem medicine. It is primarily 

modem medicine which has so dramatically improved life expectancy throughout the 

world. Linguistic homogeneity is associated with good networks of communication, 

and this may aid the diffusion of modem medicines through the whole population. This 

would largely explain the relationships between life expectancy and linguistic diversity 

in the poorest countries.

If there are now real fitness advantages attaching to larger networks of 

exchange, then the long term prospect for many small languages is unfortunately not 

good. Just as people in the past formed the social networks it was ultimately in their 

interests to form, so we could predict a movement of personnel from minority 

languages to those which give access to the wider economy. This is in fact what is 

happening. Half of all the world's languages are estimated to be moribund (i.e. not 

being effectively passed on to new generations) (Ostler 1996:3), and Pinker gives an 

estimate that 90% of all languages are threatened with extinction within the next 

century (Pinker 1994:259). In many cases the threat is not due to choices exercised by 

speakers, but stems from coercion, eviction or habitat destruction. In others, however, 

it is speakers who are making the switch because of the things they hope a wider 

system of exchange can give them access to (Ladefoged 1992).

Braudel (1985a) claims that all pre-industrial societies were influenced by the
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same basic material forces, principally ecology and demography. The ecological 

correlations of the first part of this chapter support his claim. However, he also claims 

that a watershed has now been passed, and a new regime is forming from which 

relationships with ecology will gradually disappear:

the old material past [still] makes itself felt. It is disappearing before our eyes, 

but slowly, and never in the same manner (Braudel 19856:559).

The second part of this chapter tends to support this view, too. In the remaining 

chapters we turn away from the diversity of languages in space, and turn to diversity 

in their structures.
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- CHAPTER 5 -
DIVERSITY IN STRUCTURE: 

A WEST AFRICAN CASE STUDY

5.1 Introduction

The previous two chapters examined the distribution of languages in space, and 

showed the importance of ecological factors in determining their extent. However, we 

can also consider the evolution of diversity along a different dimension; that of 

structure. Languages do not differ simply by having different vocabularies; there are 

specifiable differences in the structural systems which they employ to formulate 

sentences. This chapter and the next carry out some empirical investigations of how 

and why diversity has evolved in the structure of languages, concentrating on the 

inventory of sounds they use. The strategy is the same as for chapters 3 and 4. This 

chapter consists of a fairly detailed case study using a group of West African 

languages. Chapter 6 takes the findings from this one and examines whether they are 

applicable worldwide.

The huge topic of diversity in linguistic structure is only broached by these two 

chapters. The account is limited to certain aspects of phonology, and ends with some 

unexplained differences and open questions. The intention is not, then, to be 

exhaustive, but to demonstrate the kind of explanations which could be constructed 

using the principles outlined in the discussion and computer simulations of chapter 2, 

and the geographical patterns discovered in chapters 3 and 4.

Under the 'autonomy thesis' described in chapter 1, it would normally be 

assumed that the evolution of structural diversity in language is a separate causal story, 

governed by internal linguistic laws which cannot be related to the socio-ecological 

processes described in the preceding two chapters. As we have seen in chapter 2, 

section 2.2.4, the linguistic orthodoxy holds that there is no correlation at all between 

linguistic structure and the environmental or societal context (Kaye 1989:48). Here I 

investigate the contrary possibility. One potential reason for structural diversity is that 

the competing functional motivations which influence language have different values 

in different societal contexts. Large, dispersed groups such as those of the West 

African desert may experience different communicative pressures and thus evolve

132



different systems from small rainforest groups. In this chapter, I outline, justify, and 

pursue precisely this argument.

The investigation picks up some of the arguments of chapter 2. There it was 

suggested that the maintenance of linguistic diversity relies heavily on two kinds of 

selection amongst linguistic variants; social and functional. I will argue that functional 

selection leads to adaptation in languages, and that we can therefore use functional 

factors to explain why different languages develop in the ways they do. Social 

selection caimot be used as an explanatory factor in this way, because it is only 

arbitrarily related to language structure. I set out and defend this function-based 

approach to language change in section 5.2. In section 5.3 I describe the principal 

types of diversity observed in the sound systems of the world's languages. I suggest 

that different structures are trade-offs between different and competing motivations. In 

section 5.4 I hypothesise that the relative strengths of the different motivations will 

vary in different societal contexts, and thence derive hypotheses about how languages 

should develop in different parts of West Africa. These hypotheses are then tested 

against a sample of West African languages in sections 5.5 to 5.8.

5.2 Language change as evolution

5.2.1 Introduction

In chapter 1, I discussed the parallel between language change and biological 

evolution. This parallel has a weak version, which notes that both processes involve 

descent with modification, but also a strong version in which natural selection has a 

counterpart in functional selection by language learners and language users.

The idea of functional selection is that in the history of languages, a stream of 

variant forms is created by innovation and variation in individual linguistic 

performance. These variants are like those produced in the history of a species by 

genetic mutation. The different variants are not all equally likely to be adopted. In the 

case of a species, those better equipped for survival and reproduction in the 

environment in which they find themselves have greater reproductive success. In the 

linguistic case, forms may be unconsciously selected by speakers in various ways. 

Forms that are easier to learn, to parse, to discriminate or to remember will have a 

higher probability of being adopted by the next generation of speakers. Forms that are
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more economical will also tend to be favoured due to the least effort nature of motor 

learning.

When natural selection is iterated over many generations, it produces animals 

whose biology and behaviour fits their surroundings. This is the process of adaptation 

which is the central component of Darwinian evolution. Similarly, if selection amongst 

linguistic variants is iterated over many generations, it should produce languages which 

are adapted to their environment, which is, usage as a learned system of 

communication and information storage by a human community.

This is the essence of most of the linguistic theory commonly referred to as 

'functionalist' (Zipf 1935, 1949; Martinet 1952; Mandelbrot 1953, 1954; Givon 1979, 

1995; Haiman 1985). It attempts to explain the structure of languages by means of 

their fit to the uses to which they are put.

The functional mode of explanation in linguistics has met with only rather 

limited acceptance. This is of course in very sharp contrast to biology, where adaptive 

evolution is the central paradigm which unifies the discipline (Dobzhansky 1973). The 

failure of functional linguistics is in part due to the fact that it does not share the 

presuppositions and preoccupations of the prevailing Chomskian orthodoxy. The 

explanandum of functional linguistics is the structure of the language, with individual 

speakers and their capacities figuring as the explanans. For Chomsky (e.g. 1965, 

1986), the central issue appears to be the logical problem of language acquisition. Thus 

the explanandum is the linguistic competence which human beings attain, and the 

explanans is the innate structure of the mind. I have argued elsewhere (Nettle 1996) 

that this does not make the two approaches mutually exclusive; they are merely asking 

different questions, just as the developmental biologist and the evolutionist ask 

different questions. Sadly, pluralism has not been given a chance until quite recently 

in theoretical linguistics, by either the functional or the formal camp.

A more important reason for the failure of functional linguistics is that it is 

beset by a number of methodological and theoretical difficulties which its critics have 

not failed to point out. As I will be putting forward a functional account of 

phonological evolution below, I will take a few paragraphs here to outline these 

difficulties and urge that they can be overcome. The arguments are discussed more 

fully in Nettle (1996). The principal difficulties are circularity, the relationship between 

functional and social selection, diversity, and empirical inadequacy.
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5.2.2 The Ills o f  Functionalism

5.2.2.1 Circularity

Perhaps the most serious criticism of functional explanations is that "they are 

irreducibly post hoc: the functions invoked often seemed rather fishy and devoid of 

principled support" (Lass, 1980: 69). Thus, "the trouble with [the functional argument] 

is that you can't lose" (Lass 1980: 70); "first you assume iconicity or functional 

motivation - a priori; then you look around to find what you expect" (Givon 1995:11; 

for similar comments, see Ohala 1993:265; Newmeyer 1980:223; Newmeyer 

1983:112). On the one hand, it is assumed that the linguistic system after the 

development in question is more efficient than the one prior to it, and a post hoc 

reason for this found. On the other, the development is said to have been caused by 

this functional pressure. Let us look at a concrete example from syntax. Martinet 

(1962:55 ff.) discusses the evolution of dialects of French in which subject pronouns 

are obligatory even in sentences containing a subject noun. In these dialects, (a) is 

grammatical rather than (b).

(a) Mon père il dit ceci.

(b) *Mon père dit ceci.

Martinet's explanation for this development is that it saves the speaker cognitive effort. 

Since the pronoun has to be included in some sentences (those with no noun), it is 

easiest to include it in all sentences:- "pronouncing an extra phoneme is nothing in 

comparison with the output o f mental energy required by the choice between [dit and 

il d ity . However, had the development been in the opposite direction, presumably he 

could have argued that the effort of choosing between dit and il dit is much less than 

that required by the pronunciation of an extra phoneme. The only evidence that the 

explanation he does give is correct is that the dialect in question did evolve. Thus the 

change is presumed to be adaptive because it occurred, and presumed to have occurred 

because it is adaptive.

This is none other than the 'evolutionary tautology' which dogs evolutionary 

explanation in biology (Dunbar 1982) and anthropology (Turner and Maryanski 1979), 

as well as linguistics. Evolution is explained as the survival of the fittest structures, 

but the fittest structures are identified by the fact that they survive. The explanation 

is thus little better than the statement that those structures which survive, survive.

The vicious circle can only be broken by showing that the change is adaptive
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with respect to some well-defined goal independently o f  its actual evolution (Dunbar 

1982). In the case of evolutionary biology, this is achieved, amongst other techniques, 

by the use of quantitative optimality models (Grafen 1991). Such models use simple 

knowns and axioms to derive exactly how we should expect animals to behave in 

given circumstances. Their actual behaviour can then be compared to the output of the 

models. For example, 'optimal foraging models' are mathematical functions which 

predict, given the nutritional value and handling time of the different foodstuffs 

available, which foods animals should prefer if they have been selected to maximise 

the efficiency of their food-gathering. Field studies then compare animals' behaviour 

with the predictions. I f  there is a good degree of fit between the theoretically optimum 

solution and what the animal does, a strong inference can be made that the animals 

have indeed been under the kind of selective pressure that the model assumes.

For linguistics, this has two implications. Firstly, predictions about language 

structure should be derived as far as possible from independent models, which are 

precise enough for their predictions to be testable. The axioms and initial conditions 

o f these models need to come from information theory and known aspects of the 

production and perception of speech sounds. Secondly, the tests of these models cannot 

be based on qualitative examinations of single languages. To have any explanatory 

power, adaptations must be shown to apply to any language in large cross-language 

surveys, unless some other constraint can be reasonably shown to obtain.

Some progress in such studies has been made. A model by Lindblom (1986) 

uses the assumption that vowel systems evolve so as to give maximum intelligibility 

for a given type of articulation. The model takes as input the acoustic spectra of all 

possible vowel sounds (allowance having been made for the known quirks of the 

human auditory system), and generates the combination of vowels that would be 

optimal for a vowel system of a given size. These predicted systems were then 

compared with the actual systems found in a survey of 209 languages. The fit is 

impressive, the model predicting the well-known preference of languages for /i/, /a/, 

and /u/, followed by /e/ and /o/, and so on. A model of the consonant system along 

similar lines (Lindblom and Maddieson 1988) correctly predicts that languages will 

preferentially employ consonants with simple articulations, only using more complex 

articulations when these have been used up. Furthermore, consonantal systems tend to 

use up all possible combinations of distinctive features before employing additional
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ones, a factor which may be attributed to ease of learning and articulation.

Progress of this type has also been made in explaining why certain sequences 

of sounds rather than others are favoured in language (Janson 1986; Kawasaki- 

Fukumori 1993). The advance these studies represent over ad hoc, single language 

studies is enormous - the difference between speculation and explanation.

5.2.22 Relationship with social selection

We saw in chapter 2 how important social selection is for linguistic diversity. 

The problem for functional explanation is that the fact that some linguistic variants are 

associated with more socially desirable people gives a more powerful reason for their 

adoption than any marginal linguistic advantage which they may have. Thus social 

selection seems likely to disrupt any functional evolution in language, and so 

functionalism as an explanatory model may be doomed to fail (Hudson 1996:233-234).

This argument is true only in a limited sense. Because of ongoing social 

selection, language may always be subject to short term instability and fashion-driven 

change. Ultimately, however, social selection has no systematic relation to linguistic 

structure. The reasons that certain variants become socially valued have, by definition, 

nothing to do with the structure of those variants, and all to do with the people who 

happen to use them. As far as functional evolution is concerned, then, social selection 

is effectively just random noise. In the long term, all variants are equally likely to 

become socially valued, as this is random and ever-changing. It follows that the 

enhanced probability of adoption which comes from being socially valued ultimately 

accrues equally to all variants. Any remaining differential success amongst variants 

must be due to their inherent virtue.

This argument can be better explained with an example from biological 

evolution. Let us imagine a population of plants which grow from wind-dispersed 

seeds. Some of the plants are marginally better adapted than others at living in the arid 

habitat in which they are found. Other things being equal, these ones will produce 

more seeds over their lifetimes. However, the habitat contains much desert and a few 

oases. The seeds which happen to be deposited by the wind on an oasis do 

fantastically well, and produce many seeds. Those deposited elsewhere produce only 

a few. The point is that one of the less well adapted seeds might fall on an oasis, as 

this is just chance. The next generation would, anomalously, contain many offspring
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of that seed even though it was not the best adapted to the habitat.

Every generation, the wind randomises the spatial position of the seeds. In the 

very long term, then, every plant lineage is equally likely to hit an oasis. The huge 

advantage this gives accrues equally to all the plants, or, put another way, sums to 

zero. If  one lineage consistently out-reproduces the others over the long term, it must 

have a genuine inherent advantage, because random luck gets evened out. The situation 

with social selection is just the same; if languages show a consistent and strong 

preference for one pattern over another, it is more than likely that a genuine functional 

pressure is involved.

5.2.2.3 Diversity

If  languages evolve towards communicational optima, then, it might be argued, 

they should all have converged on the same state (Newmeyer 1983:101). Of course, 

this has not happened. Diversity can be a problem for much functional theory, as 

DuBois (1985: 353) points out:

Volumes of so-called functionalism are filled with ingenious appeals to 

perception, cognition, or other system-external functional domains, which are 

used to explain why the language in question simply has to have the 

grammatical property that it does - when a moment’s further reflection reveals 

that another well-known language, or even just the next dialect down the road, 

has a grammatical structure diametrically opposed on the relevant parameter.

We have already encountered this argument in section 2.2.4. There it was argued that 

functional selection is perfectly consistent with diversity, because language evolution 

is influenced by competing motivations In the space defined by ease of articulation, 

ease of decoding, memory load, overall economy, ease of parsing etc., there are no 

doubt many local optima into which languages may settle, and language diversity can 

be seen as the exploitation of these different niches.

It should be possible to produce predictive models for the relationships between 

these factors, and indeed Kohler's (1986, 1987, 1993) synergetic models go some way 

towards doing this. These theoretical models attempt to specify all the relevant 

motivations and the influence each one will exert on different linguistic parameters. 

A set of equations is produced which predicts various trade-offs which occur in
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language such as the inverse relationship between the length of a word and its 

frequency of occurrence. I will propose a competing motivations account of 

phonological diversity in section 5.3, and go as far as to suggest that different social 

contexts favour different motivations. Here I simply note that, because of competing 

motivations, diversity is quite consistent with a functional approach to language 

evolution.

5.2.2.4 Empirical Inadequacy

The fourth criticism often levelled at functional explanations is simply that 

they do not account for the observed facts of language change. Labov (1994) has 

argued that selection for adaptive sound changes, although possibly present, is so weak 

as to be often submerged by other pressures. Thus, many, or even most, sound changes 

are simply random (Ohala 1993).

Both Ohala and Labov support the view that the main source of sound change 

is listener misperception (Ohala 1981, 1993; Labov 1994). If  listeners are unable to 

reliably distinguish between the tokens of two segments in the speech of others, those 

segments will cease to be distinctive for them, and they will not produce them as 

distinct in their own speech. This may start the spread of the change, and the two 

segments will soon collapse into one in the language as a whole.

Discrimination failures, and the consequent segment mergers, are often used as 

evidence against functionalism;

[Functional] arguments fail to deal in an accountable way with the fact that 

mergers are even more common than chain shifts, and that massive mergers do 

take place, with a concomitant increase in homonymy (Labov 1994:551).

For example, "the history of Mandarin Chinese, for instance, has been one of repeated 

massive losses of phonological distinctions" (Sampson 1980:116). These losses have 

caused many previously distinct monosyllabic morphemes to become homophones, 

which seems hardly consistent with a functional view.

However, the functionalism under attack here is somewhat one-dimensional. 

Ease of discrimination is itself a functional motivation, one that in the Chinese case 

triumphed over the forces which keep segments apart. The need to preserve the 

efficient transmission of meaning was still operative, however, as subsequent 'knock-
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on' changes show. In all the cases where morphemes had become homophones by the 

mergers, one of the pair was replaced by an unambiguous bisyllabic compound, usually 

by simple reduplication. Thus many cases of apparently anti-functional drift may be 

argued to be functional within a broader, competing-motivations framework.

Even so, many cases of pure random noise in language change no doubt exist. 

The same situation is found in evolutionary biology. Many aspects of morphology no 

doubt arose through random drift or as side-effects of other developments (Gould and 

Lewontin 1979). However, functional explanation is still the model of choice in 

evolutionary biology. Only where the facts do not fit functional models are other 

processes invoked. Thus we should use functional models to generate hypotheses. 

Where the predictions are not met, we know that other forces are at work. We will see 

an example of this situation in chapter 6. The finding that languages are not as 

functional models predict can be a worthwhile discovery in itself, as it leads to the 

generation of alternative explanations. It is no reason to give up the whole functional 

paradigm. As Lewontin puts it for biological evolution:

to abandon the notion of adaptation entirely, to simply observe historical 

change...with no adaptive explanation, would be to throw out the baby with the 

bathwater. (Lewontin 1978:230)

5.2.3 Conclusion

It seems, therefore, that the four main criticisms of the functional approach to 

language can, with appropriate methodological conclusions, be overcome. Functional 

explanations of language evolution might well turn out to be wrong in many cases, 

because of social selection, sheer randomness, or other constraints, but there is no a 

priori reason why this should be so. It is simply a matter of how well functional 

models fit the facts, and such as have been produced so far seem to do so very well 

(Lindblom 1986; Wright 1986; Lindblom and Maddieson 1988; Kawasaki-Fukumori 

1992; Willerman 1994; Nettle 1995). I shall therefore go on to sketch a functional 

account of how phonological inventories evolve.
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5.3 The Sound Pattern of Language

An early breakthrough in the scientific study of language was the discovery that 

each language only uses a finite and fairly small number of distinctive sounds. The 

segmental inventory - the inventory of these sounds - differs considerably from 

language to language. However, this variation is not unconstrained. Cross-language 

surveys (Maddieson 1984) show clearly that there are hierarchies of preference. Thus 

a language with three vowels will usually have /i/, /a/, and /u/, a language with five 

vowels III, Id,  /a/, loi, and /u/ and so on. As discussed above, functional models have 

told us a great deal about why these preferences should exist. Vowel systems evolve 

in such a way as to give maximal perceptual contrast for a given degree of articulatory 

complexity. Consonantal systems use simple articulations before more complex ones, 

and make maximal use of a given number of articulatory features.

If we know how many vowels a language uses, then, we can predict which 

ones they will be fairly precisely. We can predict which consonants will be used in 

more general terms. Most of the quantifiable variation between languages therefore 

resides along three dimensions:- the total inventory size, the vowel/consonant ratio, and 

the structure of the syllable. Variation in syllable structure is not dealt with here. 

Though it does occur, it appears to be quite strongly constrained (Fudge 1969), and 

as yet no hypotheses have been produced about what motivates it. I will therefore 

examine the dimensions of total inventory size and vowel/consonant ratio and discuss 

why diversity is likely to evolve along them.

5.3.1 Inventory size

The number of segments actually used by natural languages varies a great deal, 

from 11 to perhaps 141 (Maddieson 1984) using the traditional definition of the 

phoneme. If, for tone languages, one considers each vowel-tone combination as a 

separate segment, the maximum number is much higher.

Because of the least effort properties of motor learning, learners are always 

likely to select shorter forms over longer ones where both are equally intelligible. 

Truncation of forms occurs in linguistic performance (Lieberman 1963) as it does in 

the history of languages (Lüdtke 1986). One way in which forms can become shorter 

without contrast being lost is for segmental cues to be transferred to earlier parts of
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the word. Word-final nasal consonants in French have become nasal vowels. 

Presumably, this evolved gradually as speakers transferred the nasal cues to the vowel 

and could thus clip off the consonantal articulation without so much loss of contrast. 

Eventually, new generations of learners reanalysed the system as having a set of nasal 

vowels and shorter words with no final consonants. A similar process has often been 

observed in tone languages (Hombert 1972; Matisoff 1973). Contrasts in voicing on 

syllable-final consonants are gradually transferred to contrasts in pitch on the preceding 

vowel. The consonants may then disappear, leaving shorter words and an extra set of 

phonological contrasts, namely high and low tone. In general, then, the forces of 

articulatory economy favour the truncation of words and the concomitant increase in 

the number of contrastive segments.

The incorporation of further vowels or consonants into the inventory reduces 

the acoustic and perceptual distance between them. The effect is illustrated for some 

vowel systems in table 5.1. It also applies to tones. Tones exist in a finite acoustic 

space, and must be distinguishable from each other (Hombert 1972). Laboratory studies 

of tone perception suggest that the maximum number of tone levels which can be 

reliably distinguished is five (Pollack 1952). Few languages use the possible range; 

though five levels has been observed (Longacre 1952), four levels or fewer is much 

more common. The larger the inventory, the more crowded the perceptual space will 

be.

As the inventory gets larger, and the segments more crowded together, we 

might therefore expect an increase in the probability of listener discrimination failures. 

If  learners cannot reliably distinguish two segments, they will not make the distinction 

in their own production, and it may disappear from the language. This is a segment 

merger; as a result, sets of words which were previously distinct become homophones.

When words have become homophones, speakers may have to compensate by 

some kind of lexical strategy as outlined in chapter 2, section 2.4. We have already 

seen in this chapter (section 5.2.2.4) how this happened in the Chinese case. The 

pressure caused by discriminability therefore leads towards smaller phonological 

inventories and longer words, precisely balancing the pressure caused by articulatory 

economy. The actual system of a language emerges from a dynamic equilibrium 

between these two factors. Differences in inventory size are the result of different 

balances between articulatory and perceptual pressures. The question of why different
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Arabic: i
(Standard)

Hausa: i u
e o

Gyem: i i  u
e o

a

Birom: i u
e o

a

Table 5.1 Primary vowel systems for four African languages.

languages should find different balances will be addressed in section 5.4.

This functional account predicts that there will be a trade-off between word 

length and inventory size: the larger the inventory of a language, the shorter its words 

should be. This has in fact been shown to be the case for a sample of ten unrelated 

languages (Nettle 1995). I will investigate the relationship for some West African 

languages in section 5.6.2.

5.3.2 The Vowel/ Consonant Ratio

All languages have an inventory consisting of vowels and consonants, but they 

differ in the proportion of each that they employ. In West Africa, one ranges from 

Bedouin Arabic, with four short vowels and thirty-eight consonants, giving a ratio of
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0.11, to languages like Dendi, whose fourteen short vowels and four tones give it a 

total of fifty-six vowel contrasts’, as compared to only fifteen consonants, a ratio of 

3.73.

Discrimination failure is particularly likely to affect vowel and tonal contrasts. 

This is because vowels and tones exist in a continuous acoustic space and merge into 

each other without natural breaks. The space for consonants, on the other hand, is to 

some extent quantal (Stevens 1989). This means that small differences in place or 

manner of articulation produce significant qualitative differences in the acoustic signal. 

As discrimination failure affects vowels and tones disproportionately, ease of 

discrimination will tend to reduce vowel/consonant ratios if not balanced by other 

pressures.

In opposition to this, vowels are more sonorous than consonants. They are 

harmonic signals and thus carry further in space. There is some evidence that speakers 

of languages with high vowel/consonant ratios speak less loudly than speakers of 

languages with low ratios (Nettle 1994). From a speaker-economy point of view, then, 

a high vowel/consonant ratio would be likely to be selected for. Articulatory economy 

favours more vowels, just as ease of discrimination favours more consonants; the 

system is once again the result of a balance between the two.

5.3.3 Competing motivations and phonological inventory: summary

From a competing motivations perspective, then, we can summarise our 

expectations about how languages evolve as follows.

Articulatory economy tends to increase the number of phonological contrasts, 

thereby reducing the length of words. It affects vowels disproportionately, tending to 

increase the vowel/consonant ratio.

Discrimination failures, on the other hand, tend to reduce the number of 

phonological contrasts, thereby necessitating longer words. They are more likely to 

affect vowels than consonants, and so they tend to decrease the vowel/consonant ratio.

Different languages represent different balances between these two pressures. 

However, the question remains of why articulatory economy seems to have been more 

important for some communities, whilst ease of discrimination is more important for

1. I consider tonal contrasts as adding to the vowel inventory, as they give extra 
contrasts on a V position in syllable structure.

144



others. This is the subject o f the next section.

5.4 Geographical Hypotheses

Jakobson (1929) noted that dialects which come to be used over a large area 

tend to undergo phonological simplification. Andersen (1988) gives a plausible account 

o f the mechanism by which this might occur. The geographical range of a speech 

variety gets larger, as we have seen in previous chapters, because individuals have 

larger or more dispersed social networks. This means that there will be more dialectal 

heterogeneity in the speech they experience, as a consequence of their being exposed 

to social contacts from a wider area or social range. They will hear a large scatter of 

different realisations for any individual phonological segment.

If the inventory is large, then as the scatter increases, neighbouring segments 

may start to overlap. At this point, new learners will cease to acquire the distinction 

between those segments, as it cannot reliably be delineated, and merger will occur. In 

fact, mergers will take place throughout the system until all the remaining segments 

are far enough apart to be reliably distinguished despite the level of dialectal variation. 

Languages used over very large areas will therefore evolve towards a system of 

relatively few, widely spaced segments^. We should expect this effect to be more 

marked with vowels than with consonants, for the reasons already discussed.

To sum up this rather long causal chain, the larger or more dispersed the social 

network, the greater the dialectal heterogeneity speakers will experience. The greater 

the dialectal heterogeneity speakers experience, the greater will be the frequency of 

discrimination failures. The more discrimination failures there are, the more segments 

(especially vowels) will merge, and the smaller and more biased towards consonants 

the inventory will be.

It is easy to see how these hypotheses apply to West Africa. Larger or more 

dispersed languages should tend to have smaller phonological inventories, and lower 

vowel/consonant ratios. As the geographical extent of languages correlates inversely 

with the length of the growing season, there should be correlations between the

2. The facts of Chinese (see above, section 5.2.2.4) make perfect sense in this light. 
The history of Mandarin is that of a language evolving as a koine over an ever larger 
area, and reducing its phonological inventory as it does so (Norman 1988).
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growing season and linguistic structure. In the rest of this chapter, I will test these 

predictions.

We have no direct measure of the geographical range of each individual 

language. We can however use the length of the growing season, which proved a 

useful predictor of social network size and dispersal in chapter 3. We can also use the 

number of speakers of the language. This is a more direct measure. However, it does 

not necessarily capture the relevant factor, which is how much dialectal variation 

individuals are exposed to. This might be determined as much by such habits as 

seasonal migration or nomadism as by the total number of people speaking a language. 

The growing season may therefore be the better measure; I shall anyway use them 

both.

The hypotheses can thus be formulated as follows;

Hypothesis 1. As the length of the growing season increases/ number of speakers per 

language decreases, the number of segments in the phonological inventory of 

each language will increase.

Hypothesis 2. As the length of the growing season increases/ number of speakers per 

language decreases, the vowel/consonant ratio of each language will increase.

5.5 Data Collection and Methods

Most of the languages of West Africa have not been described linguistically. 

To test the hypotheses, I have been able to obtain phonological descriptions of 116 of 

the 708 languages in the study area of chapter 3, which is 15% of the total. This size 

compares favourably with most cross-language studies. It is certainly the largest areal 

study of West African languages performed to date. W olff (19596), for example, used 

41 languages. The sample gives a fairly good typographical and geographical 

representation of the study area. All the major genetic groups are present, although 

Adamawa and Bantoid are underrepresented.

For each language, I recorded the growing season (from chapter 3) for the 2° 

sectors in which the language is spoken. Where the language is found in several
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sectors, I took the main sector where there was an obvious one, and the median value 

for all the sectors otherwise. I also recorded the number of speakers, along with details 

of the phonological inventories.

Comparing phonological inventories is not unproblematic, however. Different 

authors represent information in different ways. My concern has been not so much the 

correctness of any one analysis, but finding fair comparisons between the different 

descriptions. To this end, I calculated a large number of different phonological indices 

to take account of differences in approach. In the rest of this section, I shall list the 

different aspects of phonological structure I intended to describe, and the different 

indices I used.

5.5.1 Vowels

The main problem for the determination of vowel inventories is the treatment 

of long vowels and diphthongs. Hausa, for example, has five vowel qualities, each of 

which may occur short (/i/, /e/, /a/, loi, /u/) or long (/i;/, /e:/, /a;/, /o;/, /u:/). In 

addition, there are two diphthongs /ai/ and /au/. This can be analysed either as a 

system of five vowels with a syllable nucleus which may contain a sequence of two 

vowels, or as a system of twelve contrastive vowels or conceivably as a system of five 

vowels where each member of a vowel sequence is in a separate syllable.

There are clearly cases where one analysis is correct. However, many of the 

sources used chose one or another analysis arbitrarily, and the principle concern here 

is to achieve consistency. Where sources use the 'minimal phoneme' analysis (that is, 

the five vowel view for Hausa), they often give scant information about which 

sequences of vowels are permitted, merely stating that "sequences of vowels do exist". 

For this reason, I have used a minimalist principle for all of the languages in gathering 

VO, which is defined as the num ber of contrasts in short vowels or the first 

position of vowel sequences.

However, just using VO loses a lot of information about the possible nuclei in 

the language. I therefore also collected an index VI. VI is defined as the num ber of 

contrastive vowels possible including long vowels, short vowels and diphthongs. 

Wherever a sequence of vowels occurs within a morpheme, I have included in VI 

unless there is a specific indication that it is bisyllablic. Because of the scant 

information given about vowel sequences by many sources, I often had to do some
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estimation to obtain this measure, on the basis of the data presented in the source. It 

is therefore likely to be much less reliable than VO.

The same considerations apply when it comes to tones. Hausa has three surface 

tones, High, Low, and Falling. However, the falling tone is restricted to long nuclei, 

and can thus be seen as a sequence of a High and a Low on two successive vowels. 

Again, sources vary in how they deal with such situations. Some would analyse Hausa 

as having three tones, and some as having two. To standardise the descriptions, I 

accordingly calculated for each language TO, defined as the number of contrastive 

tones possible on a short vowel or the first vowel in a vowel sequence, and also T l, 

defined as the number of contrastive tones including contour tones on vowel 

sequences. Similar comments about accuracy apply to Tl as to VI.

These indices were used to calculate the total number o f possible nuclei in the 

system. Accordingly NO (the number of contrastive segments on a short vowel) = 

VO*TO, and N1 (the number of contrastive nuclei including vowel sequences) = 

V1*T1. NO is much the more accurate of the two.

A particular difficulty arose for the numerous Niger-Congo languages with the 

Efik-style tone system consisting of High (H), Low (L) and High-Downstepped (!) 

tones. Here TO was taken to be three, but NO was calculated by multiplying VO by 2.5, 

as in such a system there are three possible tones (H, L, or I) following a high tone, 

and two possible tones (H or L) following a low tone. The result was rounded to the 

nearest whole number.

5.5.2 Vowel harmony

Unfortunately, the picture for the syllable nucleus is further complicated by the 

presence of vowel harmony. Some trace of vowel harmony is noted by the sources in 

35 of the 117 languages, and it may well be present and unreported in others. Vowel 

harmony consists in a restriction that all of the vowels in a certain domain (e.g. within 

the same word) agree on some parameter. Typically, the vowel system can be divided 

into harmonic sets. For example, the ten vowels of Abey fall into two sets of five on 

the basis of tenseness. The question arises of how many vowels this system actually 

has. The total number of possibilities is forty (ten times four tones), the actual number 

of choices available within a word is only twenty (five times four tones). If we add 

one choice for the choice at the beginning of the word of which set the word belongs
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to, we have a total of twenty-one.

In an attempt to allow for vowel harmony, a further set of indices was 

calculated. NO(VH) was the same as NO but took account of the vowel harmony, in 

the way described above, for those languages for which vowel harmony was recorded. 

N1(VH) was the vowel-harmony counterpart of VI. These indices were considered 

liable to some error, firstly because there are no doubt languages in which vowel 

harmony exists but for which it was not recorded in the sources, and secondly because 

vowel harmony processes often have such frequent exceptions that any vowel is an 

empirical possibility in any syllable.

5.5.3 The Syllable Onset

A parallel situation obtains for consonants. Consonant plus glide onsets such 

as /p /̂ and l\CI are treated sometimes as one segment, and sometimes as a cluster. For 

consistency, I therefore calculated for each language both CO, the number of 

contrastive consonants excluding C+glide sequences, and C l, the number of 

contrastive consonants including C+glide sequences. Again, calculation o f Cl 

involved some estimation, as many sources merely mention that "C+j sequences are 

permitted" or some such thing.

Strictly speaking, if consonant plus glide onsets are to be treated as single 

segments, then all syllable-initial clusters should be so treated. I therefore also 

calculated C2, the number of contrastive syllable-initial consonant sequences. 

Sequences such as consonant plus /I/ were counted under this index. Many of the 

sources gave poor information, and this index often had to be estimated from word 

lists given.

5.6 Selection and Validation of Indices

5.6.1 Selection between indices

Twenty-one of the sample languages are also in Maddieson's (1984) large 

survey of the phonology of the world's languages. The information Maddieson collects 

is not entirely comparable with mine. He does not record tonal information and often 

treats nasalisation of vowels as a suprasegmental. His approach to long vowels,
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diphthongs and consonant sequences is determined on a language by language basis, 

whereas I have used uniform criteria throughout.

Nevertheless, basic indices such as VO and CO can be compared with 

Maddieson's data. My data is in perfect agreement with his in just seven of the twenty- 

one cases (Dera [Kanakuru], Bambara, Senari, Bariba, Kpelle, and Dooyayo). In a 

further ten cases, I have used a source which is either more detailed or more recent 

than Maddieson's. These are Songhai, Hausa, Angas, Dan, Dagbani, Ewe, Asante, Ga, 

Birom and Tarok. In these cases, the difference is usually of the order o f one or two 

segments. In three more cases, Maddieson's interpretation of the sources is different 

from mine. For Igbo, he counts nasalisation as attaching to vowels, whereas I (along 

with Dunstan [1979]) count it as attaching to consonants. In the case of Amo, 

Maddieson gives phonemic status to four vowels which Di Luzio (1972) describes as 

allophones. I have followed Di Luzio's original analysis as I can see no reason for the 

revision. In the case of Ngizim, Maddieson had access to a Phd thesis on the language 

by the author of my published source. He interprets the vowel system differently and 

adds one consonant. Finally, in the case of Lelemi, Maddieson seems to have made 

an error in reproducing the data from the source, adding an extra vowel and leaving 

out one consonant.

The fact that only a third of the languages yielded exactly the same results may 

appear to reflect negatively on the quality and replicability of linguistic descriptions. 

However, most of the discrepancies were very small, involving one or two segments, 

and the overall size and balance of the inventories tended to be approximately the 

same in both data sets.

The data collection described in section 5.5 resulted in a large array of 

phonological indices. It was clearly preferable to reduce this somewhat for the 

calculation of the total inventory size and the vowel/consonant ratio in order to test 

hypotheses 1 and 2.

To this end, a Principal Components Analysis was carried out on the 

phonological data from the 116 languages^. Using Varimax rotation of factors, three

3. Because of the non-normal distribution of the variables, natural logs were taken for 
the factor analysis. This improved the skewness and kurtosis, but did not eliminate it 
completely. Factor analysis does not require the normality of the data, but the more 
normal they are, the more accurate the results (Tabachnick and Fidell 1989).
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factors were extracted. As can be seen from the factor loadings in table 5.2, one of 

these factors corresponds closely to the number of vowels, whether measured by VO 

or VI. Another gives the number of consonants, and the third the number o f tones. It 

therefore seems that either of the V, and T, and any of the C indices, could equally 

well be used as they each give a similar pattern of variation.

Factor 1
(CONSONANTS)

Factor 2 
(VOWELS)

Factor 3 
(TONES)

C2 0.93 -0.11 -0.12
Cl 0.93 -0.24 -Oi l
CO 0.81 -0.28 -Oi l

VO -0.16 0.92 0.19
VI -0.33 0.87 0.12

TO -0.07 0.10 0.94
T1 -0.18 0.20 0.90

Table 5.2 Factor loading table from the Principal Components Analysis of the 
various phonological indices. (The natural logs of the variables were used).

It was therefore decided to use VO, TO, and CO, as these are the least prone to 

error. VO and TO are also the best fits to the vowel and tone factors, respectively. 

Their derivative NO was used rather than N l. NOVH correlates very highly with NO 

{r̂  = 0.92, n = 116,/? < 0.0001). The more reliable, non-VH measure was therefore 

used. The indices taken forward to test the hypotheses were, then VO, TO, NO (the 

product o f the previous two), CO and their derivatives:-

S, the total inventory size, defined as NO+CO.

R, the vowel/consonant ratio, defined as NO/CO.

5.6.2 Word length

If  the phonological indices are valid, and the theoretical assumptions correct, 

then the average length of a word in any of the languages should be a power function 

of S, the total inventory size as defined above. To check that this was the case, a 

sample of 50 words was chosen at random from dictionaries of twelve of the sample 

languages. The languages to be used were chosen according to the availability of good
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dictionaries, in such a way as to give a wide range of inventory sizes and different 

linguistic families. Within each dictionary, the words were chosen by taking the first 

word of every n^ page, with n determined by the length of the dictionary. The mean 

word length in phonological segments (L), was calculated. The twelve languages 

chosen represented a wide range of different language families from all three of the 

major phyla. The analysis of Italian words in Nettle (1995) suggests that this procedure 

is valid as long as the size of the dictionary is greater than about 1000 lexical entries. 

All of the dictionaries used were of this size or greater. Nonetheless, the size of the 

dictionary (D) was also recorded to check that it was not affecting word length.

Language S L D Dictionary Source

Fulfulde 33 6.42 9000 Noye (1989)
Hausa 35 5.68 1600 Kraft and Kirk-Greene (1973)
Tamasheq 36 5.26 1800 Mali (1986)
Songhai 42 4.96 3000 Ducroz (1978)
Bambara 49 4.86 2000 Ebermann (1986)
Ngizim 52 5.32 2000 Schuh (1981)
Edo 53 4.42 4000 Agheyisi (1986)
Igbo 58 4.62 6500 Williamson (1972)
Mende 71 4.7 6000 Innes (1969)
Ewe 81 4.16 1200 Rongier (1988)
Vata 164 4.56 2300 Vogler (1987)
Vute 195 3.94 1000 Guarisma (1988)

Table 5.3 Inventory size (S), average word length (L) and dictionary size (D) for 
twelve languages.

The data are given in table 5.3. L is indeed related to S = -0.90, « = 12, 

p  < 0.001). L is not related to D = 0.27, « = 12, n.s ). When the data are plotted 

along with the data from Nettle (1995) for ten unrelated languages from all over the 

world, it is clear that they follow the same inverse distribution (figure 5.1).

It is clear from the figure that extra segments suffer from diminishing returns, 

and that after an inventory size of about 90 segments is reached, there is no further 

gain in terms of word length. It might thus seem surprising to find any languages with
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Figure 5.1 Mean word length (L) against S, the segmental inventory size, for 12 West 
African languages and 10 unrelated languages from Nettle (1995). The curve 
is given by L = 17.87 S ° '’,
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more segments than this.

In fact very few of the world's languages do have larger inventories. Where 

they do, they do so either by having a large number of tones (10 or 11) which are all 

permitted on short vowels (Vata and Vute in the present sample), or by employing 

clicks (IKung from Southern Africa).

In the case of Vata, the large tone system has a very wide range of grammatical 

functions, as the following examples demonstrate:-

(a) Plurality: "Cow" vs. "Cows"

(b) Negation: "3 pers-singular" vs. "3 pers-singular-Neg"

(c) Aspect: klc^^ "he cut down (Perf)" vs. "he is cutting down

(Imperf)"

(d) Case: "chest" vs. "towards the chest"

(Vogler 1987: 47)

The grammatical use of tone is typical of African languages (Ratcliffe 1992), 

but this array of functions is particularly rich. Thus the payoff for the extra tonal 

contrasts is in terms of grammar rather than word length. It is not clear whether the 

same is true of Vute. In both languages, a small subset of the tones account for the 

vast majority of tokens (4 tones account for 75% in Vute [Guarisma 1988: 63], and 

4 tones for 90% in Vata [Vogler 1987: 67]).

5.7 Results and Discussion

5.7.1 Results

The data and sources are given in Appendix III. Descriptive summaries of the 

observed values for all the variables are given in table 5.4.

4. It is not clear exactly what motivates such a large system for IKung. Both the clicks 
and the tones are extremely productive lexically (Snyman 1975: 145-164). However, 
there is a clause level vowel harmony system which sharply restricts the choice of 
vowel in non-clause-initial syllables (Traill 1974:26-40), so the functional vowel 
system may be smaller than the simple segment count suggests. IKung will be further 
discussed in chapter 6.
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Variable Mean Std Deviation Minimum Maximum

VO 9.51 4.15 3 24
TO 3.51 1.64 1 11
CO 23.09 5.43 15 45
NO 34.11 26.20 4 165
S 57.20 25.53 29 195
R 1.61 1.33 0.11 8.4

N.B. Non-tonal languages are counted as having 1 tone.

Table 5.4 Summary of the phonological data.

Hypothesis 1. As the length of the growing season increases/ number of speakers per 

language decreases, the number of segments in the phonological inventory of 

each language will increase.

There is a significant correlation between S and the Growing Season = 0.40, 

« = 116, /7 < 0.001). As figure 5.2 shows, this effect is mainly due to two groups in 

the data. The first is a group of very small inventories at the shortest growing seasons. 

This includes the great, widespread languages of the desert and desert margin - 

Bedouin Arabic, Tamasheq, Songhai, and Kanuri, and, slightly further South, Hausa 

and Fulfulde. These are precisely the languages which we should expect, ex hypothesi, 

to have small inventories. The second group is a group of exceptionally large 

inventories at very long growing seasons - Vute, Vata (discussed above), Vata's close 

relative Wobe, and Dan. The last two are not closely related either to each other or to 

the first two. Extreme tonal complexity thus seems to have arisen independently 

several times where the growing season is very long.

There is no significant relationship between the number of speakers and S {r̂  

= 0.03, n = 116, n.s ).
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Figure 5.2 The total inventoiy size (S) against the length of the growing season where 
the language is spoken.
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Hypothesis 2. As the length of the growing season increases/ number o f speakers per

language decreases, the vowel/consonant ratio of each language will increase.

R correlates significantly with the growing season (r  ̂ = 0.47, n = \ \6 , p  < 

0.001; figure 5.3). However, the appearance of the graph suggests that growing season 

is not so much determining the ratio, but setting an upper limit on it, which many 

languages have not in fact reached. Possible reasons for this will be discussed below. 

There is once again no correlation between the number of speakers and R (r, = -0.04, 

n = 116, n.s.).

The question arises of whether the languages at longer growing seasons are 

achieving higher vowel/consonant ratios by having more vowels, or by having fewer 

consonants. To determine this, NO and CO were correlated with the growing season. 

The correlation with NO is significant {r  ̂= 0.47, n = \ \6 , p  < 0.001; figure 5.4). 

Again, the graph seems to show that the growing season is providing a limiting 

constraint on the number of vowel/tone combinations, rather than determining it.

The increase in NO as the growing season lengthens is accounted for both by 

an increasing number of vowel qualities between growing season and VO = 0.51, 

n = 116, p  < 0.001; figure 5.5), and an increasingly large array of tones between 

growing season and TO = 0.24, « = 116, p  < 0.05; figure 5.6).

CO is significantly negatively correlated with NO {r̂  = -0.39, n = 116, p  < 

0.0001; figure 5.7), and with the growing season (r^= -0.30, n = 116,p < 0.005). Thus, 

languages with the smaller vowel inventories have larger consonant inventories in 

compensation.

This explains why the correlation between NO and the growing season is so 

much stronger than that between S and the growing season. At the shorter growing 

seasons, languages like Bedouin Arabic compensate for their relatively impoverished 

vowel systems with a rich consonantal system.

5.7.2 Discussion

The results show that there is a clear relationship between the ecological regime 

and the phonological structure of the language in the direction predicted by hypotheses 

1 and 2. As the growing season gets shorter and social networks larger, the vowel 

system is reduced. The consonantal system is more stable and may even increase in
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Figure 5.3 The vowel/consonant ratio (R) against the length of the growing season 
where the language is spoken.
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Figure 5.4 The number of nuclear segments (NO) against the length of the growing 
season where the language is spoken.
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Figure 5.5 The number of vowels (VO) against the length of the growing season 
where the language is spoken.
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Figure 5.6 The number of tones (TO) against the length of the growing season where 
the language is spoken.
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Figure 5.7 The number of vowels (VO) against the number of consonants (CO).
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compensation for the loss of vowel contrasts. This inverse relationship disagrees with 

that of Maddieson (1984), who finds that for his worldwide sample of languages, there 

is no correlation of any kind between the size of the vowel system and the size of the 

consonant system. The likely explanation for this difference is that Maddieson counts 

only the number o f different vowel qualities, and not, as used here, the number of 

vowel/tone combinations. There are in fact good phonetic reasons for expecting an 

inverse relationship between consonantal distinctions and tones, as the two use 

overlapping acoustic cues (Hombert 1972; Matisoff 1973; Hombert, Ohala, and Ewan 

1979).

The growing season does not so much determine the phonological structure as 

set an upper constraint on it. Many languages, counterfunctionally, have smaller 

systems than the ecological regime would allow. There are several possible reasons for 

this. The most likely is that the languages are young. Many languages are bom by 

sudden and catastrophic demographic events such as the fusion of previously separate 

groups. The study of creoles has shown that very young languages produced in this 

way tend to have relatively small phonological inventories consisting of unmarked 

segments (Holm 1988). Although these systems may soon begin to expand (as also 

happens in stabilising pidgins [Mülhaüsler 1986:178]), there would be a lag of many 

generations before the inventory reached its maximum size.

There may also be an effect due to language groups migrating and coming into 

contact with autochthonous languages. Southern languages migrating North would soon 

simplify, but Northern languages migrating South might not enlarge for a very long 

time. Indeed, they might even cause simplification in the autochthonous languages, as, 

other things being equal, simpler phonological inventories tend to spread at the 

expense of more complex ones (Labov 1994).

The relationships hold between the growing season and the phonology, not the 

number of speakers and the phonology. This seems to indicate what matters is not the 

total size of the group, but the heterogeneity and dispersal of each speaker's social 

network. It was argued that what causes phonological reduction is the speaker's 

experience of dialectal variation. What determines this is how much each speaker 

moves about and forms social contacts with individuals from non-local groups. These 

last activities are very directly influenced by the ecological regime, as chapter 3 

showed.
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5.8 Phylogenetic Analysis

A potential source of error for comparative analyses such as these arises from 

the fact that the languages sampled are not fully independent data points. A great deal 

of their shared structure is due to their common origin and not due to parallel 

evolution. Thus, in counting each language as a separate datum in a correlation 

analysis, we may vastly overestimate the true number of independent evolutionary 

changes which have occurred, and thus produce artifactual results. For example, the 

apparent association between the growing season and the vowel/consonant ratio might 

be a product of the fact that the languages in the North belong mainly to the Afro- 

Asiatic phylum, which has generally rather low ratios, while those further South 

belong mainly to the Niger-Kordofanian phylum, which has generally higher ones.

Statistical methods have been developed to separate out variation due to 

common ancestry and test hypotheses concerned with coevolution (Harvey and Pagel 

1991; Mace and Pagel 1994). Such models use assumptions about the underlying 

phylogeny to identify independent instances of evolutionary change.

It is not possible to construct a complete phylogeny for all the languages 

studied here. However, we can separate the data set into the major linguistic families 

represented, and ask whether the relationships observed between the growing season 

and linguistic structure hold within those groups as well as across the sample as a 

whole. This would give a clear indication that we are dealing with a genuine effect of 

the environment.

The languages in the sample are of three separate phyla - Afro-Asiatic (17 

languages), Nilo-Saharan (4 languages), and Niger-Kordofanian (95 languages). It is 

obviously desirable to further subdivide the Niger-Kordofanian languages. Their 

classification remains controversial (see e.g. Bendor-Samuel 1986), but we can identify 

the following groups as having more recent common ancestors than the phylum as a 

whole:

(a) Mande (11 languages)

(b) Atlantic (4 languages)

(c) North-Central Niger-Congo (i.e. Kru, Dogon, Gur, Adamawa-Ubangian;

24 languages)

(d) South-Central Niger-Congo (i.e. the remaining families including Jukunoid,
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Nyima, Bantoid and also Ijoid, though this remains in question 

[Bendor-Samuel 1986]; 56 languages).

We can now ask firstly whether the principal relationships observed hold within the 

six phylogenetic groups (Afro-Asiatic, Nilo-Saharan, and the four constituent parts of 

Niger-Kordofanian). This was done by calculating the Spearman correlation 

coefficients separately for each group. Secondly, we can ask whether they hold 

between the groups. To do this, the mean values of S, R, NO, and CO for all the 

sample languages in each phylogenetic group were calculated. The groups were placed 

into an approximate ranking from those that found in the most arid. Northern locations 

to that found in the wettest and most Southerly. The ranking was as follows:- Afro- 

Asiatic, Nilo-Saharan^ Atlantic, Mande, North-central Niger-Congo, South-central 

Niger-Congo. This ranking was then correlated with the group means o f the 

phonological variables.

Group mean

Group S R NO CO

Afro-Asiatic 42.12 0.45 12.76 29.35
Nilo-Saharan 56.75 1.56 31.50 25.25
Atlantic 40.25 0.95 18.50 21.75
Mande 66.00 2.49 46.36 19.64
North-central N.C. 63.58 2.12 43.00 20.58
South-central N.C. 58.55 1.62 35.68 22.87

Table 5.5 The mean values of S, R, NO, and CO for the six phylogenetic groups.

The group means for S, R, NO, and CO are shown in table 5.5. The Spearman 

correlations between S, R, NO, CO, and Growing, within and between phylogenetic 

groups, are shown in table 5.6. The correlations between Growing and S, R, and NO 

are highly significant within the largest group. South-central Niger-Congo. In the other

5. The latitudinal range of Nilo-Saharan in Central and East Africa is enormous, but 
this ranking is correct for its Saharan branch, from which all the languages under 
consideration here come.
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Growing with...
------------------------------------  NO with

Group n S R NO CO CO

Afro-Asiatic 17 -0.04 0.47* 0.43* -0.33 -0.05
Nilo-Saharan 4 0.80 0.80 0.80 -0.40 -0.80
Atlantic 4 0.77 0.77 0.77 -0.77 -0.80
Mande 11 0.28 0.14 0.18 0.09 -0.25
N-Central N.C. 24 0.07 -0.05 0.07 0.16 0.10
S-Central N.C. 56 0.53f 0.64t 0.60t -0.33f -0.29t

Between Groups 6 0.60 0.71 0.71 -0.60 -0.83*

Fisher's test: = 33.69t 41.12t 39.31f 27.89* 30.22f

t  < 0.01 * p<  0.05

Table 5.6 Correlations between Growing and phonological indices broken down 
by phylogenetic group.

groups, the correlations are largely in the predicted direction, but the sample sizes are 

too small to achieve significance. Fisher's test for combined probabilities can once 

again be used to examine whether the set o f correlation coefficients is more in the 

direction of the hypotheses than would be expected by chance. In all cases, the test is 

significant at /? < 0.05 or less {d.f. = 14, values as shown in table 5.6).

5.9 Conclusions

In West Africa, the socio-ecological context appears to have influenced the 

evolution of the phonological structure of languages. Seasonal and arid environments 

produce large social networks speaking languages which have tend to have smaller 

inventories, simpler tone systems, and a greater bias towards consonants than those 

from lusher environments.

These result strongly support both the functional approach to phonological 

evolution and the idea that non-linguistic factors can influence linguistic evolution, by 

making different functional motivations more or less important. They suggest that 

Kaye's (1989:48) claim that there is no relationship between any aspect of linguistic 

structure and the environment where the language is spoken may be false. Whether 

they can be generalised to other areas will be the subject of the next chapter.
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- CHAPTER 6 -
DIVERSITY IN STRUCTURE:

A GLOBAL PERSPECTIVE

6.1 Introduction

In chapter 5, we found that there was evidence of a correlation between the 

ecological setting of languages and their structure. Chapter 3 had shown that within 

West Africa, language groups get smaller as one moves along the ecological gradient 

from desert in the North to rainforest in the South. Chapter 5 showed that the number 

of phonological contrasts in the languages' inventories tends to increase along the same 

gradient. The vowel/consonant ratio also tends to increase. These findings had been 

predicted from a theory in which phonological systems evolve under the competing 

pressures of auditory discrimination and articulatory reduction. It was suggested that 

these pressures find a different balance in social networks of different sizes and 

structures, and since there is a correlation between social network and ecology, there 

is an indirect one between linguistic structure and ecology.

Chapter 4 showed that the relationship between ecology and the average size 

of social networks is not limited to West Africa. It obtains right across the tropical 

world. The question which naturally arises is whether the linguistic correlations from 

chapter 5 also hold at a global level.

Sections 6.2 and 6.3 of this chapter investigate that question, using part of a 

standard sample of the world's languages (from Nichols 1992). The patterns observed 

in chapter 5 for West Africa are not reproduced elsewhere. This could be because the 

data at this global level are by necessity less precise, or alternatively because other 

factors are at work. What does emerge is a pattern of major differences between 

different parts of the world with respect to phonological norms. In section 6.4 and 6.5, 

I consider these differences and their possible causes.

The main hypotheses of chapter 5 were as follows. In very small and 

homogeneous communities, there will be little internal dialectal diversity and the 

pressure towards systematic phonological reduction will be low. As communities get 

larger and more diverse, that pressure will increase relative to the articulatory pressure 

towards phonological expansion. This process affects vowels disproportionately. It
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follows that we should expect that as social networks get more extensive, the size of 

the phonological inventory will decrease (Hypothesis 1), and the vowel/consonant ratio 

will decrease (Hypothesis 2). As the extent of social networks is inversely proportional 

to the length of the growing season, we can recast these hypotheses accordingly: as 

the growing season increases in length, the size of phonological inventories should also 

increase (Hypothesis 1), as should the vowel/consonant ratio (Hypothesis 2).

6.2 M ethods

In an ideal sample of languages for testing global cross-linguistic hypotheses, 

the languages sampled would be phylogenetically and areally independent as far as 

possible. Furthermore, every genetic group of languages and every area of the world 

should have an equal chance of being represented.

There are several such cross-language surveys. The most substantial and 

systematic are Maddieson (1984), Tomlin (1986), Dryer (1988,1989) and Nichols 

(1992). All of these aim to sample all genetic groupings of a certain pre-specified 

time-depth. Maddieson's sample has the advantage that is concerned with phonology 

and so gathers some of the information required for the present study, but it does not 

record information on tonal or syllabic structure, and the genetic classification adopted 

for New Guinea and South America underrepresents the diversity of those areas. The 

principal problem with it is that the level of genetic grouping sampled is too shallow 

for the languages to be phylogenetically completely independent from one another 

(Perkins 1989). This means that statistical tests cannot be used directly on the data. 

This problem applies even more strongly to Tomlin's (1986) very large sample, which 

has for example 33 Bantu languages, which are far from statistically independent. It 

also applies to Dryer's sample, though he has suggested some techniques for dealing 

with it (Dryer 1989). Perkins (1989:311-312) calculates that the degree of phylogenetic 

inertia in phonological variables is such that the maximum size of sample which can 

hope to achieve independence is only about 150 languages.

Nichols (1992) samples at a greater time depth than the other studies, and 

hence has a smaller sample. She divides the world into ten regions, and selects one 

language per family in each region, where there is one adequately described. A family 

is defined as a group of clearly related languages with a time of break-up of 

approximately 2500 years b.p. Using a more up-to-date classification than the other
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studies, she arrives at a total of 174 languages for the whole world. She considers the 

families sufficiently distantly related for the problem of phylogenetic inertia to be 

negligible (Nichols 1992:40). Thus her sample is more satisfactory than any of the 

others for testing cross-linguistic hypotheses, though a potential problem of deep areal 

relationships remains. This will be discussed below.

Nichols' data are presented with a latitude and longitude coordinate for the 

centre of the language's speech area. She records basic syntactic and morphological 

attributes of the sample languages. In order to obtain phonological information, it was 

necessary to go back to the original descriptions cited by Nichols and in many cases 

augment them with other sources, as they did not cover phonology with sufficient 

detail.

As the present enquiry is limited to the tropical world (for the reasons given 

in chapter 4), all the languages spoken outside the ±30°  latitude band were excluded. 

These were all the languages from Northern Eurasia (West and East; 21 languages in 

total), 2 of the languages from South and South-East Asia, 2 of the languages from 

Australia, all of the languages of North America except Chitimacha, which was later 

excluded for a different reason anyway (43 languages), and 2 of the languages of 

South America. The five extinct languages from the ancient Near East were also 

excluded as no phonological information is available on them.

Ku-Waru from New Guinea was erroneously included in Nichols' sample, as 

she points out in a footnote (Nichols 1992:313), so I have excluded it. Chitimacha and 

Miao were also excluded as the areas where they are spoken do not belong to the 

tropical or equatorial ecoclimatic zones. These exclusions left 95 languages from 7 of 

Nichols' original geographical areas in the data set.

Of these 9 5 ,1 was able to locate sufficiently detailed phonological descriptions 

for 87. The remaining languages were: Nahali, Barai, Waris, Tawala, Marthuthunira, 

Konua, Miskito and Waorani. For Konua it was possible to substitute the 

geographically and genetically close Rotokas, which has a good description. 

Unfortunately, none of the other languages had a near phylogenetic neighbour which 

could be substituted, and so they were deleted from the sample. Thus there are 88 

languages in the sample. Six of these are West African languages which were either 

actually in the sample from chapter 5 or are related to languages in that sample. As 

this chapter seeks to independently test the applicability of the West African trends to
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the rest of the world, these six are not included in all of the analyses in this chapter. 

Where I am directly testing one of the socio-ecological hypotheses from chapter 5, the 

West African languages are excluded and the sample size is 82. Where I am making 

more general comments about the distribution of the linguistic variables, or developing 

new hypotheses not found in the previous chapter, they are included and the sample 

size is 88.

In chapter 5, a large number of alternative indices of phonological inventory 

size and structure were collected, but Factor Analysis showed that these could be 

reduced to four main ones:

NO: The number of short syllabic nuclei in the language.

CO: The number of unitary consonants in the language.

S: The total inventory size, defined as NO + CO.

R: The vowel/consonant ratio, defined as NO/CO.

Exact definitions and procedures for calculating these are given in chapter 5, section 

5.5. Identical procedures are used here.

The linguistic indices (NO, CO, S, R) are the dependent variables in our 

hypotheses. The independent variables from chapter 5 were the length of the growing 

season, and the number of speakers of the language. For West Africa, the growing 

season proved the more useful measure. It is not possible to calculate the precise 

growing season for each language in the global sample, as many of them are spoken 

in small areas with no weather station. It is however possible to use the latitude and 

longitude coordinates in conjunction with an ecoclimatic map to classify them into 

broad ecoclimatic zones. I have used the map Seasonal Climates o f  the Earth in 

Landsberg et al. (1963) to classify the area where each language is spoken into one 

of the following categories:-1 : desert, semi-desert and tropical dry climates; 2: tropical 

wet-and-dry climates; 3: tropical humid summer climates; and 4: tropical rainy 

(equatorial) climates. These four categories correspond to a continuum of growing 

season length from desert to rainforest. The categories are chosen in such a way as to 

yield reasonably equal numbers of languages of each type (17, 21, 15 and 35).

The seasonality of the climate proved the most useful explanatory variable in 

West Africa, but within West Africa all the groups studied had sufficiently similar 

socio-economic systems for a direct comparison to be made. Chapter 4 showed that 

hunter-gatherer communities could remain small, in numerical terms at least, despite
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experiencing high levels of risk. If we take climate as the independent variable in our 

correlation we will be therefore be putting some vast social networks in the same 

category as some very small ones like the aboriginal Australians, when in truth the 

sociolinguistic situation of the Australians (in terms of group size) is more akin to that 

of New Guinea horticulturalists, whose climate is at the opposite end of the scale.

In addition to climate, therefore, I have adopted a direct measure of network 

size, based on the number of speakers. Of course, as discussed in chapter 5, the degree 

of internal mobility within the network is probably more important than the crude 

number of speakers, but this is not directly available. The precise number of speakers 

is somewhat artificial; most of the Australian languages are on the verge of extinction 

and have fewer than 15 surviving speakers. I have instead used a series of categories 

which give the broad size of the community. Where a language is in sharp decline, I 

have tried to capture the approximate size it had over the last hundred years or so. The 

categories of SPEAKERS are as follows: 1: 1000 speakers or fewer; 2: 1001-10,000 

speakers; 3:10,001-100,000 speakers; 4: more than 100,000 speakers. The 88 languages 

are reasonably evenly distributed between the four categories (23, 28, 19 and 18).

The hypotheses can therefore be stated in two slightly different ways, adopting 

either climate or the size measure. SPEAKERS captures the number of speakers, whilst 

CLIMATE probably captures more faithfully people's degree of mobility, as all arid- 

environment societies, whether foraging, pastoral or agro-pastoral, rely on seasonal 

movement in one way or another. Which variable turns out to be more useful is 

therefore an open question.

In summary, the hypotheses are:

Hypothesis 1: As the climate becomes less seasonal/ number of speakers decreases, 

the number of segments in the phonological inventory o f each language will 

increase.

Hypothesis 2: As the climate becomes less seasonal/ number of speakers decreases, 

the vowel/ consonant ratio of each language will increase
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6.3 Results

6.3.1 The data set

The data for the 88 languages are listed in appendix IV. Thirty-six of the 88 

are also used in Maddieson's (1984) phonological survey of the world. None of the 

data Maddieson uses is identical to the four indices used here. However, he does give 

information on numbers of vowels and consonants which I also make use of in 

calculating my totals and ratios. In 25 of the cases where we treat the same languages, 

my information and Maddieson's are in perfect agreement. The eleven discrepancies 

are Hausa, Logbara, Songhai, Fur, Kewa, Telefol, Chamorro, Chontal, Tarascan, 

Axininca Campa, and Huallaga Quechua. They can be accounted for in the following 

ways. In six cases (Hausa, Songhai, Fur, Kewa, Chontal, Axininca Campa), I have 

used sources which are newer and/or more detailed than Maddieson's. The differences 

between his values and mine in these cases are very slight. In the case of Huallaga 

Quechua, the dialect of my source (which is also Nichols') is substantially different 

from that treated by Maddieson. In two further cases (Logbara and Telefol), Maddieson 

and I have differed on how to treat phonemes which could be considered either as 

unitary or as a sequence. For the sake of consistency, I have strictly adhered to the 

principles set out in chapter 5, section 5.5. In the remaining two cases, there appear 

to be errors in Maddieson's data. For Tarascan, for which we have used the same 

source, he appears to have listed all the (allo)phones of the language rather than the 

phonemic segments, unless he is proposing a reanalysis of the phonemic system which 

he does not explain and disagrees with the author of the source. For Chamorro he 

seems to have added a voiced alveolar affricate to the phonemic inventory with no 

justification I can detect in the source document. These cases are however exceptional; 

the overall level of agreement between this data set and that in Maddieson (1984) is 

high.

The mean and standard deviations for S, R, CO and NO for all 88 of the 

languages are shown in table 6.1. This table is directly comparable with part of table 

5.4. It is clear that the West African languages from chapter 5 do not constitute a 

typical sample of the world's languages. The West African mean for S is a whole 

standard deviation higher than the mean for all of the tropics, whilst the West African 

means for R and NO are 1.5 and nearly 2 standard deviations higher. Only CO is
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Variable Mean Std Deviation Minimum Maximum

CO 19.24 10.46 6 95
NO 12.70 13.05 3 65
S 31.94 19.82 13 147
R 0.70 0.61 0.08 2.57

Table 6.1 Summary of the phonological data, n = 88.

reasonably similar in the two data sets. Thus West Africa is characterised by much 

larger vowel/tone inventories than the average for the tropics, resulting in larger overall 

inventories and higher vowel/consonant ratios.

The distributions of all the linguistic indices are highly non-normal, and so for 

the analyses I have taken natural logs.

6.3.2 Inventory size

Hypothesis 1; As the climate becomes less seasonal/ network size decreases, the 

number of segments in the phonological inventory of each language will 

increase.

Figure 6.1 shows the mean of InS, with a 95% confidence interval, for each of the four 

climate categories for the 82 languages excluding West Africa. There is no evidence 

o f the inverse correlation between NO (vowel contrasts) and CO (consonantal contrasts) 

which was found in West Africa and tended to reduce the variation in S (r  ̂= 0.03, n 

= 82, n.s ). Hypothesis 1 predicts that the means will significantly increase from left 

to right on figure 6.1. There is no such tendency, and indeed inventory size does not 

differ significantly in the four different climates (ANOVA of InS by CLIMATE; F  = 

2.37, d.f. = 3 and 78, n.s ).

Figure 6.2 shows the same statistics for the four categories of SPEAKERS. 

Here there is a significant difference between the categories (F =  7.54, d.f. = 3 and 78, 

p  < 0.001). However, inspection of the figure shows the differences to be in the 

opposite direction to those predicted: as the communities get larger, InS tends to 

increase rather than decrease. It should be borne in mind that the significance of the
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CLIMATE

Figure 6.1 The mean of the logged total inventory size, with a 95% confidence 
interval for the mean, for the four categories of CLIMATE (1 = desert, semi- 
desert and tropical dry climates, 2 = tropical wet-and-dry climates, 3 = tropical 
humid summer climates, 4 = tropical rainy (equatorial) climates).
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SPEAKERS

Figure 6.2 The mean of the logged total inventory size, with a 95% confidence 
interval for the mean, for the four categories of SPEAKERS (1 = fewer than 
1000, 2 = 1001-10,000, 3 = 10,001-100,000, 4 = more than 100,000).
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ANOVA F-ratio only reveals that there is some significant inter-category variation. It 

does mean that every category of SPEAKERS differs from every other with respect 

to InS. To examine exactly which categories are significantly different, Scheffé's 

(1959) procedure for post hoc comparisons can be used.

This procedure breaks down the ANOVA calculation in order to reveal which 

categories (in this instance of SPEAKERS) differ from each other on a pairwise basis. 

In this case, categories 1 and 4 (fewer than 1000 speakers and more than 100,000 

speakers) differ from each other significantly. Categories 2 and 3 do not differ from 

each other, or the other two, to a significant extent. This is graphically demonstrated 

by looking at the confidence intervals on figure 6.2: only categories 1 and 4 are clearly 

outside each other's range. Thus the result comes down to a difference between the 

SPEAKERS=1 languages (mainly Australian), which have very small inventories, and 

the SPEAKERS=4 languages (mainly African and Asian) which have larger ones.

This raises the possibility that the result is an artifact due to the non

independence of geographically close languages. The design of the sample has ensured 

that the results are free from bias caused by genetic relatedness, but languages can also 

be non-independent for reasons to do with diffusion and contact.

It has long been recognised that linguistic features can diffuse over small areas. 

Dryer (1989) argued that there are actually much larger groups of non-independent 

languages, possibly continental in size, with major differences between them. In the 

present case, all of the Australian languages are small in size, Australia being a 

continent of hunter-gatherers (see section 4.2.3). They also all have rather small 

phonological inventories. However, this may not be an independent evolutionary 

response to the situation in each language, but rather a chance development which 

arose once and has spread to them all. Now of course diffusion is not in itself an 

explanation for the spread of a trait; we need to explain why that particular trait was 

so successful at getting itself adopted in all the languages of a particular area. 

However, the problem of non-independence is capable of producing artifactual results, 

since the true sample size is much smaller than the number of languages used, and so 

it should be dealt with statistically.

Dryer (1989) suggests that this be done by dividing the languages up into the 

groups which may have been in areal contact with each other. If there is evidence that 

the observed relationship obtains within each of these groups as well as when they are
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compared, then it is likely to be a genuine causal relationship.

The world can be split into areas in various ways. The areas should be large 

enough to encompass all the languages which could realistically have influenced each 

other, and also large enough for statistical tests to be carried out within each one. 

Dryer (1989) divides his sample by continent. However, the different continents are 

not units of similar homogeneity, and Nichols (1992; 41) suggests that from her 

morpho-syntactic data, there may only be four large linguistic areas in the world; the 

Old World, New Guinea and Melanesia, Australia, and the New World. I have 

therefore adopted that division.

Source of Variation
Sum of 
Squares d.f.

Mean
Square F

Sig 
of F

Main Effects 6.959 6 1.160 10.955 0.000
AREA 2.533 3 0.844 7.974 0.000
SPEAKERS 0.534 3 0.178 1.681 0.179

Interactions
AREA SPEAKERS 1.264 6 0.211 1.990 0.079

Explained 8.680 12 0.723 6.831 0.000

Residual 7.305 69 0.106

Total 15.985 81 0.197

Table 6.2 ANOVA of InS by AREA and SPEAKERS

To address to the question of whether the relationship between SPEAKERS and 

InS is significant once areal norms have been taken into account, I have performed a 

two-factor ANOVA with AREA as one of the factors. This procedure removes the 

variance due to areal norms and tests whether SPEAKERS accounts for any of the 

residual. The results are shown in table 6.2. There is no evidence that there is any 

relationship between SPEAKERS and InS once account has been taken of the facts that 

many of the Old World languages are rather large, and it is an Old World norm to 

have large inventories, and that all the Australian languages are very small, and it is 

an areal norm to have small inventories in Australia.
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6.3.3 Vowel/consonant ratio

Hypothesis 2: As the climate becomes less seasonal/ network size decreases, the 

vowel/ consonant ratio of each language will increase

The climate groups differ significantly with respect to InR, the vowel/consonant ratio 

{F = 3.96, d.f. = 3 and 78, p  < 0.05). Furthermore, this difference is in the direction 

predicted by the hypothesis (figure 6.3), with InR tending to increase as one moves to 

less seasonal climates. However, the effect is weak’, and it disappears once AREA is 

taken into account (table 6.3). Once again, it is the very low R values of all the 

Australian languages from type 1 or 2 climates which are primarily responsible.

Source of Variation
Sum of 
Squares d.f.

Mean
Square F

Sig
of F

Main Effects 16.64 6 2.77 5.35 0.000

AREA 9.31 3 3.10 5.99 0.001
CLIMATE 1.99 3 0.66 1.28 0.288

Explained 16.64 6 2.77 5.35 0.000

Residual 38.85 75 0.52

Total 55.48 81 0.69

Table 6.3 ANOVA of InR by AREA and CLIMATE

The size groups also differ significantly with respect to InR in the direction 

predicted by the hypothesis (figure 6.4; F  = 6.08, d.f. = 3 and 78, p  < 0.005)1

1. No two groups differ on a pairwise basis using Scheffé's procedure. It should not 
be considered surprising that the overall F-ratio shows significant inter-category 
differences whilst Scheffé's procedure shows no individual pairs to differ. The 
significant F-ratio is the cumulative product of several sub-significant differences, and 
anyway Scheffé's procedure is known to be statistically conservative (i.e. it is hard to 
get a significant result using it) (Hays 1988:415).

2. Using Scheffé's procedure, this difference appears to be mainly due to categories 2 
and 4 having significantly greater values of InR than category 1.
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Figure 6.3 The mean of the logged vowel/consonant ratio, with a 95% confidence 
interval for the mean, for the four categories of CLIMATE (1 = desert, semi- 
desert and tropical dry climates, 2 = tropical wet-and-dry climates, 3 = tropical 
humid summer climates, 4 = tropical rainy (equatorial) climates).
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SPEAKERS

Figure 6.4 The mean of the logged vowel/consonant ratio, with a 95% confidence 
interval for the mean, for the four categories of SPEAKERS (1 = fewer than 
1000, 2 = 1001-10,000, 3 = 10,001-100,000, 4 = more than 100,000).
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However, this too disappears when area is taken into account (ANOVA of InR by 

AREA and SPEAKERS: F  s p e a k e r s  = 159, J . /  = 3 and 75, n.s.).

6.3.4 Areal norms

Overall, then, there is no clear support for either of the socio-ecological 

hypotheses at a global level. What emerges instead is a picture of marked areal 

differences in phonological evolution. To illustrate this, the mean phonological indices 

for each area are shown in table 6.4, along with the results of an ANOVA of each

Area CO NO S R

Old World 26.33 22.42 48.75 0.91
New Guinea/ Melanesia 1444 8.96 23.41 0.70
Australia 17 3.81 20.81 0.23
New World 19 13.19 32.19 0.79

ANOVA: F = 11.83 18.14 21.28 9.01

All ANOVAs significant at /? < 0.001, d.f. = 3 and 84

Table 6.4 Summary of the phonological data broken down by area, with results of an 
ANOVA by area in each case

index by geographical area.

There are significant differences between the areas on all four linguistic indices. 

The Old World has much larger inventories overall, as a result of having more 

consonants as well as high values of NO which are due both to large vowel systems 

and the elaborated tone systems typical both of Africa and Asia. The New World 

(which in the present study means Mesoamerica and tropical South America) has an 

intermediate size of inventory, with the mean for NO boosted by some complex tone- 

systems. New Guinea and Melanesia basically have small phonemic inventories, 

though NO is increased by fairly widespread pitch-accent systems (or two-valued tone 

systems). Australia has the smallest inventories of all, with very small vowel systems 

(usually 3 vowels) unaugmented by tones. In terms of phonological evolution, then, 

there is a dine of complexity running Old World > New World > New Guinea/ 

Melanesia > Australia.

To invoke areal differences is not to explain them, and we still want to know
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why Australia and Africa should so differ in respect of phonological evolution. We 

will consider some possible answers in sections 6.4 and 6.5.

6.4 Relationships with morphology

6.4.1 Introduction

One reason for the lack of correspondence between the West African findings 

and the present results may be that languages from different continents differ in other 

respects that influence their phonological evolution.

To give an example, I argued that very small, relatively self-contained social 

groups should provide the fidelity in transmission favourable to the evolution of large 

phonological inventories. This was broadly confirmed for West Africa, with languages 

such as Vute and Vata which are confined to a few isolated villages having elaborate 

vowel/tone systems. Further support comes from !Kung, a Khoisan language in this 

sample, which is spoken by small bands of foragers in the Kalahari and has the largest 

phonological inventory in the world. Indigenous Australia was peopled by small 

foraging bands in many respects like the !Kung, and so if there is a genuine 

relationship we should expect large inventories in Australian languages also. 

Unfortunately, precisely the opposite has turned out to be the case.

Phonology is not just influenced by the motivations of articulatory efficiency 

and perceptual salience, however. As I argued in chapter 2, the different levels of 

linguistic structure impinge on each other and may favour one direction of evolution 

or another. If the inventories of the Australian languages have remained small, it may 

be because they have become highly elaborate in morphology in some way that 

constrains phonological development.

Inflectional morphology often just introduces greater explicitness into the 

relations between elements in a sentence. However morphological marking, for 

example of case, person and number, can also allow a reduction in the length of 

utterances, because pronouns can be dropped, and many function words become 

unnecessary. Thus if morphological marking is highly developed, the pressure to 

increase the phonological inventory size and thus reduce the length of words may be 

attenuated, as articulatory economy is already being achieved morphologically. It is 

not, of course, that the speakers or the language decide, teleologically, that the
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language is economic enough, or that the language, like some kind of organism 

'decides' to expend its energy in the direction of morphological rather than 

phonological development. Rather, the energetic cost saved by an extra phoneme may 

outweigh the likelihood of phonetic confusions in a language with long sentences, but 

not in a language which is morphologically highly compressed. The selection pressure 

acting against the evolution of complex morphology is that it is difficult and very 

lengthy to learn (Bever and Langendoen 1972); perhaps this is why it is 

characteristically absent from creole languages, which are initially learned in the 

absence of good models (Bruyn 1994:259). Thus, turning the argument around, where 

a language already achieves high economy through a large phonological inventory, the 

economic advantage of further developing morphology is unlikely to overcome the 

pressure to reduce morphology which comes from the fact that it is difficult to learn.

This suggests a possible interpretation of the present results. Within West 

Africa, the languages are all morphologically sufficiently alike for the phonology to 

be directly correlated with socio-ecological factors. When we come to comparing 

global groups, however, fundamental morphological differences between different 

languages may have affected their phonological evolution in such a way as to destroy 

any correlations. In this next section, therefore, I add information on morphological 

complexity to the data set to look for correlations between that and the phonology. We 

can hypothesise on the basis of the above argument that morphological complexity will 

be inversely correlated with the size of the phonological inventory.

6.4.2 Methods

The morphological information comes directly from Nichols (1992). For each 

language, she records all the possible loci in the phrase structure of the language where 

morphological marking - defined as any form of overt morphological variation that 

signals some relevant relation, function or meaning - can occur. In a possessive noun 

phrase, for example, marking of case relations can occur on the dependent noun, on 

the head noun, or as a clitic with a fixed position relative to the constituent boundary. 

A language may use all, none or some of these possible loci. Nichols calculates an 

index of overall morphological complexity. This is done by counting all the loci which 

a language uses for marking in a number of canonical structures. These are: a genitive 

NP with a noun possessor; a genitive NP with a pronoun possessor; an NP with an
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adjective; a simple sentence in the indicative mood and basic voice with a three-place 

verb such as give, and nouns for the subject, direct object and indirect object; and a 

similar with pronouns (for full details o f the computation, see Nichols 1992:46-64). 

The logically possible maximum is 27; this would be a language in which all heads, 

all dependents and all major constituents were morphologically marked in some way. 

In practice, all the languages in Nichols (1992) fall between 2 (Mandarin Chinese inter 

alia) and 15 (Mangarayi and Sumerian), though a language which scores 0 is quite 

conceivable. Of course, the number of loci where marking occurs is not identical to 

overall morphological complexity, for it takes no account of the type of categories and 

relations marked, or the complexity and irregularity of paradigms. Nichols (1992:64) 

acknowledges this limitation but gives her impression that "complexity as measured 

here, partial and artificial though it is, correlates straightforwardly with overall 

morphological complexity and can hence be used as an index of something real." I 

have added the morphological complexity index (M) to the present data set for 86 

languages. It is not available for Rotokas, as I introduced this language as a substitute 

for Konua and only a phonological description is available, and there is no 

morphological information on Nambiquara in Nichols (1992).

6.4.3 Results

The values of M are in Appendix IV with the rest of the data. M ranges from 

2 to 15 in the 86 languages considered here, with a mean of 8. The distribution of M 

gives some support to the hypothesis. !Kung, with the largest phonological inventory 

of all, has the lowest M. The Australian languages, with small inventories under 

circumstances which might be expected to produce large ones, have generally high 

values of M. Overall, there is a significant negative correlation between M and NO (r  ̂

= -0.30, w = 86, /7 < 0.001) and between M and R {r̂  = -0.27, « = 86, /? < 0.001), 

though the correlation between M and S is just outside significance (r  ̂= -0.21, n = 86, 

p  = 0.057). When the data set is split by geographical area, all twelve of the 

correlations are in the right direction (table 6.5). The probability of four correlations 

all being in the same direction by chance alone is 0.0625. However, the relationship 

is too weak to achieve significance on Fisher's test for combined probabilities (as 

described in chapters 4 and 5).
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Spearman's correlation coefficient

Area M/NO M/R M/S

1 -0.29 (0.084) -0.19 (0.185) -0.23 (0.136)
2 -0.21 (0.149) -0.22 (0.143) -0.20 (0.164)
3 -0.13 (0.313) -0.03 (0.453) -0.12 (0.334)
4 -0.09 (0.350) -0.06 (0.394) -0.15 (0.260)

Fisher's test: = 13.18 10.71 12.49

The exact one-tailed p-value is given in brackets after the coefficient. None of the 
Fisher's tests is significant.

Table 6.5 Correlations between M (morphological complexity) and the phonological 
indices, split by geographical area.

There seems, then, to be some evidence of an inverse relationship between 

morphological and phonological complexity. In view of this, we could recast the 

original socio-ecological hypotheses in terms not of phonology but in terms of 

combined morphological and phonological complexity. The motivations of simplicity 

and ease of use favour reducing overall complexity, whilst those of economy favour 

increasing it, and that increase may be in terms of extra segments or extra 

morphological marking. We can calculate overall complexity (C) by adding M to S. 

It is difficult to know how to weight the two factors. In the absence of any clear 

principle, I have scaled them in such a way as to give them equal weight. As the mean 

M is 8 and the mean S is just under 32, I define:

C = S + (4 * M)

- for each language.

The hypothesis is that as the climate becomes less seasonal/ size of the group 

decreases, C should increase.

There are significant differences in InC between the climate groups (F = 6.17, 

d.f. = 3 and 16, p  < 0.005) and between the SPEAKERS groups (F =  3.27, d.f. and 76, 

p  < 0.05). However, the differences are not robust. In both cases, Scheffé's procedure 

reveals no categories which differ from each other on a pairwise basis, and the 

differences disappear when AREA is added to the ANOVA calculation =

1.58, d.f. = 3 and 67, n.s.; F^peakers == 158, d.f. = 3 and 67, n.s ). Thus it is likely that
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they are products o f areal norms, chiefly the high complexity o f African languages.

6.5 General discussion

There is, overall, little evidence from the global sample of languages of the 

socio-ecological influences on language evolution which we detected in the West 

African languages. Living in a small community does not necessarily seem to produce 

high degrees of phonological or overall complexity, and particular ecological zones do 

not seem to be associated with particular language types.

The situation is difficult to interpret. It seems odd that there should be a 

relatively clear finding from West Africa but not from the rest of the tropical world. 

One explanation in that the quality of the current data set is too poor for relationships 

which are present but weak to be detected. It is certainly true that some fairly poor 

quality sources had to be accepted to make up the global sample, and that 

phonological descriptions can be very variable in their interpretation of linguistic 

systems. However, it is not clear that the standard of the phonological data is lower 

in this chapter than in the previous one, so this cannot really account for the different 

outcome. The CLIMATE and SPEAKERS variables are very crude, using much 

grosser categories than those of chapter 5. However, I have thoroughly inspected the 

data and it really does not seem as if recoding climate or group size would make any 

difference; such trends as there are are often in the opposite direction to that predicted 

anyway.

Another possibility is that the West African results of chapter 5 were 

artifactual. The data was of variable quality, but this just makes getting a significant 

result more difficult. It is unlikely to produce an apparent one. The other possibility 

is that the results were an artifact of phylogeny. However, this possibility was 

considered in section 5.8 and there seemed to be no evidence that it was the case.

The explanation I favour is that the West African results are genuine, but that 

linguistic evolution is too complex for the hypotheses to apply in any simple way 

across completely different language phyla. The overall complexity variable (C) tried 

to capture the fact that other typological differences between languages might affect 

phonological development, but it did so in a very crude and ad hoc way. A much more 

thorough understanding of each language group, their characteristic structure and 

functioning, would be necessary to form reasonable hypotheses about why they have
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evolved the way they have. There may also be other non-linguistic factors at work, as 

I shall now discuss.

What emerges from the data set is a clear picture of linguistic differences 

between large-scale areas of the world, just as Dryer (1989) suggested. The C variable 

differs significantly from area to area (ANOVA of InC by AREA; F  = 11.42, d.f.=  

3 and 82,/? < 0.001). Of course, geographical area is not itself an explanatory variable; 

and we have seen that the differences are apparently not correlates of ecology or group 

size.

The highest overall complexity by far (155) belongs to !Kung. As we have 

already mentioned, the !Kung and other Khoisan live in small groups which might be 

expected to favour the evolution of great complexity. They have another interesting 

attribute: they are thought to have the longest continuous historical trajectory of any 

extant human group (Schrire 1980). At the other end of the scale, creole languages, the 

languages of very young communities, have fairly small phonological inventories, 

though admittedly not as small as a typical Australian language. The difference is that 

they use little or no morphological marking (see for example Muysken and Veenstra 

[1994] on Haitian; Kouwenberg and Muysken [1994] on Papiamento; my estimate is 

that Haitian would score 0 and Papamiento 2 by a maximal count on the M index). 

Thus they have very low values of complexity overall (using the above estimates, the 

C score would be 28 for Haitian and 50 for Papiamento; both of these values are well 

below average, and 28 is lower than any of the sample languages).

Whenever new regions are peopled, there must be some kind of dramatic 

demographic upheaval, and this could mean linguistic upheaval too. The immigrants 

might be from several different groups of origin, who establish new communities 

together. This would lead to some kind of creolization. Alternatively, the source 

population may undergo dramatic numerical increase, leading to its expansion into new 

areas (Renfrew 1987). The language of a people rapidly expanding in space and with 

an age-structure skewed towards the young might also be expected to show 

simplificatory tendencies, as the fidelity of normal linguistic transmission is impaired. 

Indeed, dramatic demographic changes such as language shift are associated with 

simplification of inflectional morphology (Thomason and Kaufman 1988:51-52). Thus 

the settling of new territory might often be accompanied by changes in language akin 

to creolization. As creoles have low complexity, the descendant languages of the new
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continent would start to evolve from low complexity soon after the time of first 

settlement. This raises the possibility that a factor which could explain the differences 

between continents in linguistic complexity is simply the time-depth of the 

communities living there.

Area Mean C C rank Settlement rank

Africa 80.68 1 1
Asia 76.20 2 2
NG/Melanesia 52.77 5 3
Australia 62.31 3 4
New World 59.40 4 5

Table 6.6 The mean C (overall complexity) for five geographical areas, together with
the order of human settlement.

The mean C values for five geographical areas (I have divided the Old World 

into Africa and Asia for this analysis) are shown in table 6.6. Also shown is the order 

in which those areas were peopled according to the conventional account from 

archaeology and human genetics (taken from Cavalli-Sforza and Cavalli-Sforza 

1996:122). The Spearman rank correlation coefficient between the two orders is 0.7, 

not enough for significance with only five areas, but suggestive nonetheless. There is 

a clear distinction between the early settled Africa and Asia, whose languages are high 

in C, and later areas of expansion. New Guinea and Melanesia are lower in complexity 

than would be expected given their settlement before Australia and the New World. 

However, although the initial settlement of this region was early, many of the present- 

day languages are actually the result of a quite recent spread of Austronesian 

languages southwards from Taiwan (Blust 1995). Though there is no difference in C 

scores in the present sample between the Austronesian and non-Austronesian languages 

of New Guinea and Melanesia {U = 43, « = 26, n.s.), the recency of this expansion 

could be related to the low levels of complexity typical of the region.

Nichols (1990), using linguistic evidence which is independent from the present 

data, backed up by some archaeological and paleoclimatological evidence, has 

suggested that the peopling of the Americas was much earlier than the received figure 

of 20,000-12,000 years b.p. Her argument is essentially that the depth of phylogenetic
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diversity found in the languages of the Americas would require much more time to 

evolve than is available in the received account. By Nichols' admittedly speculative 

calculations, the peopling of the Americas could have occurred as much as 50,000 

years b.p., and was essentially contemporaneous with the human expansion out o f the 

Old World into the Pacific and Australia. Thus, in terms of time of occupation, she 

distinguishes only two areas of the world;- the Old World (Africa and Eurasia) and the 

colonised areas (New Guinea and Melanesia, Australia and the Americas) (Nichols 

1990:477; 1992:275).

This dichotomy is strikingly supported by the present data set. Scheffé's 

procedure shows significant pairwise differences between Africa and New Guinea/ 

Melanesia, between Africa and the New World, and between Asia and New Guinea/ 

Melanesia, but not between Africa and Asia or amongst the different colonised areas. 

Overall, there is a highly significant statistical difference between the languages o f the 

Old World and those of the colonised areas in terms of (ln)C (t = 5.24, d.f. = 84,/> < 

0.001), with the Old World having higher complexity. Now this amounts to no more 

than a finding that in terms of overall complexity, there are only two large linguistic 

areas in the world. It could be just coincidence that these correspond respectively to 

the original ranges of our species, and the areas that were colonised when global 

expansion began perhaps 50,000 years ago. The complexity index is a rather ad hoc 

measure; nonetheless, if  it didn't correspond to anything at all, it is seems unlikely that 

it would pattern so sharply between the two large areas.

This time-depth hypothesis is speculative at best. It needs to be investigated 

further using more refined measures of complexity and languages which have fallen 

outside the present sample, from North America, from Europe, and from Northern 

Asia. It is far from evident that more than 40,000 years is required for a language to 

evolve to its maximum complexity, yet this is an implication of the time-depth 

hypothesis. There is obviously no longitudinal data available or likely to become 

available which can even begin to answer this question.

It is possible that the competing articulatory and acoustic motivations are so 

finely balanced that a language or group of languages can end up at any point along 

the continuum by random drift, and get stuck there. This reason for the areal norms 

could be as simple as this. However, given the results of the previous chapter, it seems 

more likely that some other factor, possibly time, is involved. In short, these
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considerable differences between the world's regions seem to me to demand some kind 

of principled explanation, even if it is not yet apparent. I would argue that the 

functional, socio-ecological paradigm I have adopted should not be hastily abandoned 

because the situation has turned out to be more complex than the initial hypotheses 

recognised. It is still a useful hypothesis-generating engine which has provided some 

interesting insights into why diversity has evolved in the structure of the world's 

languages, and with further refinement it may produce more.
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- CHAPTER 7 -
CONCLUSIONS

7.1 Summary and Issues for Further Research

We have now reached the end of our enquiry into linguistic diversity. The three 

central questions of the enquiry, identified at the outset in section 1.1, were;

(i) Why is there diversity in language at all?

(ii) Why is there more diversity in some areas of the world than in others?

(iii) Why do languages differ in their structure?

I believe that some light has been shed on all three of these questions. In the 

following three sections, I sum up the principal findings in relation to each one. The 

findings are of course far from exhaustive. The questions are of a very general nature, 

and the analysis has involved a great deal of simplification of the processes involved. 

Simplification is not necessarily falsification, and I hope that the detailed quantitative 

tests I have applied to all of my hypotheses provide me with adequate justification for 

my claims. Nonetheless, the broad trends outlined here would need to be connected 

to more focused empirical studies to give the topic of linguistic diversity anything like 

a complete treatment. As well as giving a summary, then, I also suggest the kinds of 

further research which would cast additional light on the issues raised.

7.1.1 Chapter 2

Computer simulations were used to investigate the extent to which geographical 

isolation, imperfect learning, social selection and functional selection contributed to the 

evolution of linguistic diversity. It was concluded that imperfect learning of itself was 

insufficient to produce the linguistic diversity observed in the world, because random 

change tends to be averaged out and because the smallest degree of geographical 

contact would be sufficient to abolish local diversity. The existence of social selection 

makes change easier to actuate and makes diversity much more robust. Functional 

selection between variants also amplifies differences between languages and makes 

them more stable.

It would be interesting to marry this simulation approach to real data. This
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could be done, for example, by studying real social networks in an area of small 

autonomous groups such as the Central Nigerian Highlands. The size and structure of 

people’s social networks could be measured, and the rate of inter-group migration 

could be estimated to a reasonable degree of accuracy. This would allow estimates of 

such parameters as how high the level of migration between two groups can be for 

them to remain linguistically distinct. Sociolinguistic techniques could also be used to 

track linguistic items through the population. This information could then be used in 

building a much more realistic and empirically motivated computer simulation of 

language change.

7.1.2 Chapters 3 and 4

The factors influencing the distribution of linguistic diversity in the tropical 

world were investigated. By far the most important is the ecological regime in which 

the people live. Seasonal climates produce large ethnolinguistic groups because people 

form large networks of exchange to mitigate the subsistence risk to which they are 

exposed. Non-seasonal, equatorial climates such as those of Papua New Guinea and 

Zaire produce numerous small ethnolinguistic groups, as reliable self-sufficiency in 

basic subsistence is achievable.

The relationship between linguistic diversity and the modem economy was also 

investigated. Some support was found for the Fishman-Fool hypothesis which states 

that linguistic diversity is negatively related to economic well-being. It was suggested 

that this was because linguistic homogeneity tends to be associated with greater access 

to the national and international economies and the advantages (and disadvantages) 

they bring.

Further research in this area would concentrate on mapping in detail the 

networks of exchange in which people participate, and relating these on the one hand 

to the way they obtain their basic needs through the year, and on the other hand to the 

extent of linguistic norms. For example, in West Africa, much of the circulation of 

basic foodstuffs is through cycles of informal markets, which also have an important 

social role (Meillassoux 1971). We might ask whether the area served by any one such 

cycle is surrounded by a recognisable dialect or language boundary, and whether the 

size of area served by a cycle is larger where the climate is more seasonal. Many sub

predictions of the general subsistence risk model could be formulated. The interaction
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of ecological factors with political, demographic, religious and cultural ones could also 

be studied by concentrating on a single group or a small region.

Studies of shift from minority to majority languages, and the kinds of economic 

pay-offs people get from doing this, would also be relevant to the section on the 

Fishman-Pool hypothesis and its implications for language endangerment.

7.1.3 Chapters 5 and 6

Some reasons for diversity in the sound pattern of human languages were 

investigated. It was suggested that the size of the phonological inventory and the 

vowel/consonant ratio were the result of a trade-off between competing articulatory and 

perceptual motivations. This hypothesis was supported by an analysis of word-length 

in twelve West African languages. It was further hypothesised that different social 

contexts might favour different balances between the two motivations. Languages used 

over a wide area would develop internal heterogeneity leading to discrimination failure 

and segment merger. Because of this, they would tend towards simple inventories and 

long words. This prediction was borne out for West Africa, but did not seem to hold 

at a global level. There was some evidence that this might be due to further trade-offs 

between phonology and morphology. It was also suggested that the higher overall 

complexity of languages in the Old World could be related to the greater time-depth 

of human occupation there, though this claim remains speculative.

The claims of these chapters could be greatly strengthened by more detailed 

comparative studies of particular language families. The hypotheses put forward make 

the following empirical predictions, amongst others:

(i) Expansion of phonological inventories should be associated with truncation 

of word-forms, and simplification of phonological inventories with lexical strategies 

which lengthen word-forms.

(ii) The spread of a language or dialect over a wider area or greater number of 

people should lead to phonological simplification, particularly of the vowel system.

(iii) (If the time depth hypothesis is correct.) The movement of a language into 

new territory by migration or demographic expansion should be associated with a loss 

of phonological and morphological complexity.

These predictions could be tested either diachronically, where longitudinal 

evidence is available, or more easily by comparing groups of closely related languages
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with different histories. Such investigations, should they support the hypotheses, would 

greatly strengthen the overall findings of chapters 5 and 6. This is particularly true of 

the time-depth hypothesis.

The account of sound structure put forward here is one example of the kind of 

treatment of linguistic structure which could be produced from a functional perspective 

which assumes the history of a language to be determined by the activities of its 

speakers. The approach could also be applied to syntax and morphology. The factors 

involved would no doubt be slightly different, but the fundamental motivations seem 

to be speaker economy, perceptibility of output, and ease of learning. The objective 

of chapters 5 and 6 was to show how these functional factors might be combined with 

social and geographical ones in the construction of a genuinely explanatory theory of 

why linguistic structure evolves as it does. The results of the testing of the theory are 

only mixed, but I would urge that refinement of the theory, rather than abandonment 

of the whole paradigm, is the next step.

7.2 Envoi

The objective of this thesis was to try to explain the evolution of linguistic 

diversity. Methods and ideas were borrowed from biology, and the disciplinary 

boundaries within the social sciences were set aside in order to give a holistic 

treatment of the phenomena. I feel that this holism was justified because a number of 

significant and interesting patterns were observed. These would never have been 

visible from the partial perspective of any one disciplinary tradition.

I argued that the ethnolinguistic map is a product of people's social behaviour, 

and that social behaviour is motivated by the economic necessity of subsistence. The 

subsistence economy is in turn linked to the ecological setting. I went on to argue that 

linguistic structure is influenced by communicative behaviour, which is a subset of 

social behaviour, via functional selection. More controversially, I then explored the 

possibility that different kinds of functional selection occur in different societal 

contexts. In short, I have dealt with various domains of facts, sociocultural, economic, 

ecological and linguistic, and concluded that rather than being entirely autonomous, 

they can influence each other. Human history does not take place in a series of 

watertight compartments, conveniently corresponding to university departments. It is

194



a manifold of interlocking causal chains, with the human individual at its centre.

It took chemists a long time to realise that behind all the facts about metals, 

facts about liquids, facts about gases and so on, there was a single explanatory factor: 

the nature of subatomic particles and how they behave in different circumstances. 

Similarly, there are linguistic facts, geographical facts, cultural facts, economic facts, 

and so on. Ultimately, however, I feel that these should all be explained in terms of 

individual human beings, their natures, and their behaviour in the different situations 

in which they find themselves.

The paraphrase from William Labov with which this endeavour was introduced 

(section 1.2) ran:

A set of propositions that relate general findings about language diversity to 

general properties of human beings or of human societies will deserve to be 

called a theory of language diversity (after Labov 1994:5).

We may not yet have achieved such a theory, but I hope we have made some road 

towards one.
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- APPENDIX I -
LANGUAGE DISTRIBUTION AND SPEAKER 

STATISTICS FOR WEST AFRICA

The languages spoken in each 2° sector of the West African study area, according to 

Moseley and Asher (1994), are listed here, along with speaker statistics where they 

exist. Genetic affiliation follows Ruhlen (1987), except for Niger-Congo, which 

follows Bennett and Sterk (1977). The classification of Niger-Congo is subject to 

continued debate and revision, so this is intended as a rough guide only.

Notes 

Affiliation 

AA S 

AA B 

AA C

Afro-Asiatic, Semitic 

Afro-Asiatic, Berber 

Afro-Asiatic, Chadic

NC M Niger-Congo, Mande

NC A Niger-Congo, Atlantic

NC NC North Central Niger-Congo

NC SC South Central Niger-Congo

NS Nilo-Saharan

Speakers

Figures are in thousands. Where no other source is given, they are from Moseley and 

Asher (1994).

a Source: Grimes (1993). These statistics have been extrapolated to 1990.

b Calculated from statistics for a group of languages given in Moseley and

Asher (1994).

c No first language speakers at all; in use only as a second language.
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L a n g u a g e A f f il ia t io n S p e a k e r s L a n g u a g e A f f il ia t io n S p e a k e r s

16N12W Mauritania 16N10E Niger
Bedouin Arabic AA S 2293 a Bedouin Arabic AA S 2293 a
Fulfiilde NC A 19404

16N12E Niger
16N10W Mauritania Bedouin Arabic AA S 2293 a
Bedouin Arabic AA S 2293 a
Fulfulde NC A 19404 14N12W Mali, Mauritania

Bambara NC M 1500
16N08W Mauritania Bedouin Arabic AA S 2293 a
Bedouin Arabic AA S 2293 a Fulfulde NC A 19404

Soninke NC M 1000
16N06WMa/y Xasonke NC M 107
Bedouin Arabic AA S 2293 a
Fulfulde NC A 19404 14N10W Mali, Mauritania

Bambara NC M 1500
16N04W Mali; Timbuktu Bedouin Arabic AA S 2293 a
Bedouin Arabic AA S 2293 a Fulfulde NC A 19404
Fulfulde NC A 19404 Kakolo NC M 15 a
Songhai NS 675 Manding NC M 9000
Tamasheq AAB 7500 Soninke NC M 1000

16N02W Mali; Gao 14N08W Mali, Mauritania
Bedouin Arabic AA S 2293 a Bambara NC M 1500
Songhai NS 675 Bedouin Arabic AA S 2293 a
Tamasheq AA B 7500 Fulfulde NC A 19404

Kakolo NC M 15 a
16N00Âfa// Manding NC M 9000
Bedouin Arabic AA S 2293 a Soninke NC M 1000
Songhai NS 675
Tadakshak NS 3 a 14N06W Mali
Tamasheq AA B 7500 Bozo NC M 131

Dogon NC NC 700
16N02E A/ûr//, Niger Fulfulde NC A 19404
Bedouin Arabic AA S 2293 a Songhai NS 675
Tamasheq AA B 7500 Soninke NC M 1000

16N04E Niger 14N04W Mali
Bedouin Arabic AA S 2293 a Bozo NC M 131
Tamasheq AAB 7500 Dogon NC NC 700

Fulfulde NC A 19404
16N06E Niger Songhai NS 675
Bedouin Arabic AA S 2293 a
Tamasheq AA B 7500 14N02W Mali

Dogon NC NC 700
16N08E Niger Fulfulde NC A 19404
Bedouin Arabic AA S 2293 a Kurumba NC NC 129
Tamasheq AA B 7500 Songhai NS 675
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L a n g u a g e  A f f il ia t io n  S p e a k e r s L a n g u a g e  A f f il ia t io n  S p e a k e r s

14N00 Niger; river Niger 12N12W Senegal, Mali
Fulfulde NC A 19404 Bambara NC M 1500
Songhai NS 675 Fulfulde NC A 19404
Tadakshak NS 31 a Manding NC M 9000
Tamasheq AA B 7500 Maninka NC M 1800
Zarma NS 2000 Marinkaxamuro NC M -

Soninke NC M 1000
14N02E Niger Xasonke NC M 107
Fulfulde NC A 19404 Y alunka NC M 120
Tamasheq AA B 7500
Zarma NS 2000 12N10WMa//

Bambara NC M 1500
14N04E Niger Maninka NC M 1800
Fulfulde NC A 19404 Y alunka NC M 120
Hausa AA C 8000
Tamasheq AA B 7500 12N08W Mali; Bamako

Bambara NC M 1500
14N06E Niger Minianka NC NC 100
Bedouin Arabic AA S 2293 a
Fulfulde NC A 19404 12N06W Mali; San
Hausa AA C 8000 Bambara NC M 1500
Tamasheq AA B 7500 Bobo NC M 160

Bwamu NC NC 180
14N08E Niger Fulfulde NC A 19404
Bedouin Arabic AA S 2293 a Minianka NC NC 100
Fulfulde NC A 19404 Soninke NC M 1000
Hausa AA C 8000
Kanuri NS 4500 12N04W W. Burkina Faso
Tamasheq AA B 7500 Bwamu NC NC 180

Dogon NC NC 700
14N10E Niger Fulfulde NC A 19404
Bedouin Arabic AA S 2293 a Moore NC NC 5100
Fulfulde NC A 19404 Kurumba NC NC 129
Kanuri NS 4500 Lyele NC NC 100
Tamasheq AA B 7500 Marka NC M 129
Teda-Daza NS 360 North Samo NC M 75

Nuni NC NC 65
14N12E Niger Pana NC NC 30
Bedouin Arabic AA S 2293 South Samo NC M 75
Buduma AA C 120
E. Kesherda Daza NS 93 a 12N02W Burkina Faso; Ouagadougou
Sugurti NS 93 a Bisa NC M 400
Wandala Daza NS 93 a Fulfulde NC A 19404
Yidena AA C 93 a Moore NC NC 5100

Kurumba NC NC 129
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L a n g u a g e  A f f il ia t io n  S p e a k e r s L a n g u a g e  A f f il ia t io n  S p e a k e r s

12N00 Burkina Faso; Niger 
Fulfulde NC A 19404
Gurma NC NC 566
Hausa AA C 8000
Songhai NS 675
Zarma NS 2000

12N02E Burkina Faso 
Dendi NS 23
Fulfulde NC A 19404
Gurma NC NC 566
Hausa AA C 8000
Zarma NS 2000

12N04E Nigeria; Sokoto 
Fulfulde NC A 19404
Hausa AA C 8000
Zarma NS 2000

12N06E Northern Nigeria 
Fulfulde NC A 19404
Hausa AA C 8000

12N08E Nigeria; N  o f Kano

ION low  Guinea; Siguiri

Fulfulde NC A 19404
Hausa AA C 8000
Kanuri NS 4500

12N10E Northernt  Nigeria
Bade AA C 110
Duwai AA C -

Fulfulde NC A 19404
Hausa AA C 8000
Kanuri NC NC 4500

12N12E Northern Nigeria
Buduma AA C 120
Fulfulde NC A 19404
Jetko NS -

Kanuri NS 4500
Mober AA C 60
Putai AA C 1 a

10N12W Central Guinea
Fulfulde NC A 19404
Limba NC A 353
Maninka NC M 1800
Yalunka NC M 120

Maninka NC M 1800
Wasulunka NC M -

Y alunka NC M 120

10N08WMa//
Bambara NC M 1500
Maninka NC M 1800
Minianka NC NC 100
Senari NC NC 450
Supyire NC NC 450
Wasulunka NC M -

10N06W S.fV. Burkina Faso 
Bolon NC M 9
Chembara NC NC 100
Dogosyhe NC NC 50
Dyula NC M 1200
Jalkuna NC M 1
Jeri NC M 10
Karaboro NC NC 38
Kirma NC NC 50
Komon NC NC 6
Loghon NC NC 5
Minianka NC NC 100
Natioro NC NC 5
Samogo NC M 180
Sembla NC M 8
Seme NC NC 15 a
Senari NC NC 450
Supyire NC NC 450
Tusya NC NC 30
Tyurama NC NC 50
Viemo NC NC 5
Wara NC NC 5
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L a n g u a g e AFFILIATION S p e a k e r s L a n g u a g e A f f il ia t io n S p e a k e r s

10N04W Burkina Faso, Ghana lONOO N. Togo, Benin, Burkina Faso
Birifor NC NC 100 Bariba NC SC 484
Bobo NC M 160 Bieri NC NC 50
Bwamu NC NC 180 Buba NC NC -

Dagaari NC NC 630 Chakosi NC SC 60
Dogosyhe NC NC 50 Dye NC NC 24
Dyan NC NC 50 Fulfulde NC A 19404
Fulfulde NC A 19404 Gangam NC NC 34 a
Gan NC NC 100 Gunn a NC NC 566
K o NC NC 16 a Konkomba NC NC 356
Lobi NC NC 317 Kusaal NC NC 200
Lyele NC NC 100 Lamba NC NC 140
Marka NC M 129 Li-Tamare NC NC 105
Nuni NC NC 65 Mampruli NC NC 137
Padogho NC NC 1 Moba NC NC 180
Pwo NC NC 50 Niende NC NC -

Sisaala NC NC 140 Tayari NC NC -

Tyefo NC NC 7 Wama-Tamkamba NC NC 10
Wali NC NC 84
Wile NC NC 100 10N02E Benin Nigeria

Bariba NC NC 484
10N02W Burkina Faso, Ghana Busa NC NC 75
Bisa NC M 400 Dendi NS 23
Bull NC NC 237 Fulfulde NC A 19404
Dagbani NC NC 409 Gurma NC NC 566
Furi NC NC - Hausa AA C 8000
Gurenne NC NC 581 Shanga NC M 15
Gunn a NC NC 566
Kasem NC NC 128 10N04E Nigeria; Kainji Reservoir
Konkomba NC NC 356 Achipa NC SC 4
Konni NC NC 3 Agara'iwa NC SC -

Kusaal NC NC 200 Auna NC SC -

Mampmli NC NC 137 Banga NC SC 8
Moba NC NC 180 Busa NC M 75
Moore NC NC 5100 Cinda NC SC -

Nabit NC NC 39 Duka NC SC 622
Nankanse NC NC - Fulfulde NC A 19404
Nuni NC NC 65 Hausa AA C 8000
Sisaala NC NC 140 Ibeto NC SC -

Talni NC NC 77 Kakihum NC SC 180
Tampulma NC NC 8 Kamuku NC SC 27

Laru NC SC 1
Lela NC SC 90
Lopa NC SC 1
Nupe NC SC 750
Poka-kori NC SC 24
Reshe NC SC 45
Salka NC SC 110
Shanga NC M 15
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L a n g u a g e  A f f il ia t io n S p e a k e r s L a n g u a g e A f f il ia t io n S pe a f

10N04E continued 10N08E continued
West Kambari NC SC 150 Jera NC SC 35
Zarma NS 2000 Jere NC SC 5

Jimbin AA C 2
10N06E Nigeria Jimi AA C 1
Achipa NC SC 4 Ju AA C 1 a
Basa Kaduna NC SC 1 a Kadara NC SC 74
Baushi NC SC 3 Kaivi NC SC 1
Cinda NC SC - Kibalo NC SC 1
Duka NC SC 38 Kono NC SC 2
Fulfulde NC A 19404 Kinuku NC SC 1
Gunnana NC SC - Kir-balar AA C 1
Hausa AA C 8000 Kitimi NC SC 1
Kadara NC SC 74 Kuda-Chamo NC SC 5 a
Ngwoi NC SC 1 Kurama NC SC 18
Nupe NC SC 750 Lame NC SC 2
Ura NC SC - Luri AA C 1 a

Mangas AA C 1 a
10N08E Nigeria; S. o f Kano Miya AA C 5
Achipa NC SC 4 More NC SC 3
Amo NC SC 4 Ngwoi NC SC 1
Bankal NC SC 39 Nupe NC SC 750
Basa Kaduna NC SC 1 a Pa'a AA C 11
Butu-Ningi NC SC 1 a Polci AA C 7
Baushi NC SC 3 Ribina NC SC 2
Birawa NC SC 4 a Rum ay a NC SC 2
Buji NC SC 3 Rumma NC SC 2
Chokoba NC SC 1 Sanga NC SC 5
Dass AA C 9 Shani NC SC 1
Dirya AA C 4 Siri AA C 2
Doka NC SC - Tala AA C -

Dulbu NC SC 1 a Ura NC SC -

Dungu NC SC 1 Waiji AA C 72
Fulfulde NC A 19404 Zamani NC SC 1
Galambi AA C 1 Zangwal AA C -

Geji AA C 3
Gera AA C 20 lONlOE A.£. Nigeria; Gomhe
Gemma AA C 5 Bole AA C 45
Gubi NC SC 1 Bura AA C 270
Gure-Kahugir NC SC 8 Dera AA C 15
Gurmana NC SC - Dera (Kanakum) AA C 15
Gusu NC SC 2 Diiya AA C 4
Guta NC SC 6 a Fulfulde NC A 19404
Gwa NC SC 1 Galambi AA C 1
Gyem NC SC 1 Hausa AA C 8000
Hausa AA C 8000 Jaku NC SC 49
Idong NC SC 30 Jara AA C 60
Jaku NC SC 49 Kanuri NS 4500
Jara AA C 60 Karekare AA C 59
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L a n g u a g e A f f il ia t io n S p e a k e r s L a n g u a g e AFFILIATION S p e a k e r s

lONlOE continued 10N12E continued
Kirifi AA C 15 Pabir AA C -

Kubi AA C 1 Parekwa AA C 23
Kupto AA C - Psikye AA C 46
Kwami AA C - Putai AAC 1 a
Maha AAC - Roba NC NC 45
Ngamo AA C 27 Sharwa AA C 1
Ngizim AAC 59 Tsuvan AA C -

Pabir AA C - Vimtim AA C -

Putai AA C 1 a Wandala AA C 285
Tera AA C 69 Xede AA C 32
Waja NC NC 45 Zelgwa AA C 20

Ziziliveken AA C -

10N12E N.E. Nigeria
Bana AA C 45 08N12W Sierra Leone
Besleri AA C 10 Bandi NC M 130
Bata AA C 59 Bombali NC A 190 a
Besum NC NC - Kono NC M 300
Bura AA C 270 Kisi NC A 500
Buwal AA C - Kuranko NC M 255
Cuvok AA C - Kurike AA C 190 a
Daba AA C 45 Lele NC M 92
Durbeye NC NC 9 a Limba NC A 353
Fulfulde NC A 19404 Maninka NC M 1800
Ga'anda AA C 18 a Mende NC M 940
Gamargu AA C 15 Sanda NC A 190 a
Gavar AA C 19 Yalunka NC M 120
Gavoko AA C 30
Gelvaxdaxa AA C 30 08N10W Southern Guinea
Giziga South AA C 66 a Dan NC M 509
Gu'de AA C 106 a Kisi NC A 500
Higi AA C 305 Kohno NC M 168
Hwana AA C 36 a Konyanka NC M -

Hya AA C - Kpelle NC M 750
Jimjimen AA C 5 a Manding NC M 9000
Ka'da AA C 75 Maninka NC M 1800
Kanuri NS 4500 Many a NC M -

Kilba AA C 120 Mau NC M 120
Kyibaku AA C 30 Tura NC M 29
Lamang North AA C 20 a Wasulunka NC M -

Mabas AA C 1 a Woj NC M -

Matakam AA C 84
Matal AA C 26
Mbedam AA C -

Mefele AA C -

Mofu South AA C 32 a
Ngwaphyi AA C -

Ngweshe AA C -

Njanyi AA C 21
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L a n g u a g e AFFILIATION S p e a k e r s L a n g u a g e A f f il ia t io n S p e a k e r s

08N08W Ivory Coast 08N02W continued
Dan NC M 509 Konkomba NC NC 336
Manding NC M 9000 Nanuni NC NC -

Mau NC M 120 Sisaala NC NC 140
Nowola NC NC - Tampulma NC NC 8
Senari NC NC 450
Tura NC M 29 08N00 Northern Togo
Woj AA C - Adele NC SC 17
Wor NC M - Animiere NC SC -

Bago NC NC 484
08N06W Ivory Coast Bariba NC SC 33
Ben NC M 7 Basari-Tobote NC NC 5
Dyimini NC NC 63 Basila NC SC 8 a
Dyula NC M 1200 Bazanche NC SC -

Jeri NC M 10 Chala NC NC 1
Kirma NC NC 50 Chumburung NC SC 15
Komono NC NC 6 Delo NC NC 8
Kulango NC NC 108 Gichode NC SC 10 a
Nafara NC NC 38 Kabre NC NC 785
Nyarafolo NC NC 50 Kasele NC NC -

Pal aka NC NC 50 Konkomba NC NC 356
T afire NC NC 50 Lamba NC NC 140
Tagbana NC NC 100 Likpa NC NC 39
Wor NC M - Mahi NC SC 26 a

Miyobe NC NC 15
08N04W Ivory Coast Nanuni NC NC -

Birifor NC NC 100 Naudem NC NC 135
Deg NC NC 21 Nawuri NC SC 9
Dyimini NC NC 63 Tem NC NC 315
Dyula NC M 1200 West Yoruba NC SC 3458 b
Gonja NC SC 146
Jeri NC M 10 08N02E Benin, Nigeria
Kulango NC NC 108 Bariba NC SC 33
Lobi NC NC 307 Busa NC M 75
Loghon NC NC 5 Central Yoruba NC SC 3458 b
Nafaanra NC NC 50 Chumbuli NC SC 1
Safalaba NC NC 3 Fon NC SC 2275
Siti NC NC 6 Fulfulde NC A 19404
Tegesye NC NC 50 Mahi NC SC 26 a
Vagla NC NC 8 Yom-Tania NC NC -

Wali NC NC 84

08N02W Northern Ghana
Asante NC SC 2070
Chakali NC NC 2
Chumburung NC SC 15
Deg NC NC 21
Gonja NC SC 146
Hanga-Kamara NC NC 5
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L a n g u a g e  A f t il ia t io n S p e a k e r s L a n g u a g e  A f f il ia t io n S p e a )

08N04E Nigeria 08N08E continued
Amgbe NC SC - Deomak AA C -

Auna NC SC - Duguza NC SC 2
Busa NC M 75 Eggon NC SC 90
Central Yoruba NC SC 3458 b Eloyi NC SC 38
Cinda NC SC - Fyam NC SC 21
Laru NC SC 1 Fyer AA C 3
N.E. Yoruba NC SC 3458 b Gerka AA C 8
Nupe NC SC 750 Gingwak NC SC 29

Gworam AA C -

08N06E Nigeria Guruntum AA C 15
Absa NC SC 150 Guta NC SC 6 a
Amgbe NC SC - Gwandara-Gwari AA C 45
Basa Kaduna NC SC - Ham NC SC 60 a
Dibo NC SC 64 Hausa AA C 8000
Ebira NC SC 510 Horom NC SC 1
Egan NC SC 2 Ikulu NC SC 6
Gade NC SC 44 a Irigwe NC SC 43
Gbagyi NC SC 700 Jaku NC SC 49
Gbari NC SC 300 Jidda-Abu NC SC -

Gbede NC SC - Jipul AA C -

Gwandara-Gwari AA C 45 Jortol AA C -

Koro NC SC 23 Kadara NC SC 74
Kakanda NC SC 5 Kafanchan NC SC -

North Idomoid NC SC 84 Kagaro NC SC 9
N.E. Yoruba NC SC 3458 b Kagoma NC SC 6
Nupe NC SC 750 Kaje NC SC 320
Pongu NC SC 4 Kamantam Kambari NC SC 14
Tumi NC SC 1 a Kanufi NC SC -

Karfa AA C 1
08N08E Nigeria Katab NC SC 48
Absa NC SC 150 Koenoem AA C 3
Ake NC SC 1 a Kofyar AA C 60
Alago NC SC 53 Koningkom NC SC -

Angas AA C 150 Koro NC SC 23
Arum-Chesu NC SC - Kuchichere NC SC -

Atakat NC SC - Kulere AA C 8
Aten NC SC 4 Kurama NC SC 18
Bada NC SC 10 Kwangalak AA C -

Badara NC SC 10 a Kwanka NC SC 224 a
Bankal NC SC 39 Lungu NC SC 12
Birom NC SC 220 Mabo-Barkal NC SC -

Boghom AA C 75 Mada NC SC 45
Bokas AA C 63 Mama NC SC 35
Bowol AA C - Memang AA C -

Chakfam -Moshere AA C 5 Montol AA C 30
Chawai NC SC 32 Migili NC SC 55
Chip AA C 6 Mundat AA C -

Dass AA C 9 Nandu-Tari NC SC 4
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L a n g u a g e  A f f il ia t io n S p e a k e r s L a n g u a g e A f f il ia t io n S p e a k e r s

08N08E continued 08N10E continued
Nindem NC SC - Dong NC NC -

Ninzam NC SC 53 Fulfulde NC A 19404
North Idomoid NC SC 84 Gengle NC NC -

N.W. Badara NC SC - Gurunthum AA C 15
Num ana-Gwantu NC SC 23 Gwom NC NC -

Nungu NC SC 38 Hausa AA C 8000
Piti NC SC 2 Jaku NC SC 49
Pyapun AA C - Jan NC NC 22 a
Rukuba NC SC 75 Jim NC SC -

Say a AA C 75 Kam NC NC -

Sha AA C 1 Kamo NC NC 3
Shagawu AA C 35 Kan am NC SC -

Shall-Zwall NC SC - Kona NC SC 5
Sholio NC SC 6 Kugama NC NC -

S.W. Badara NC SC - Kulung NC SC 23
Sura AA C 60 Kumba NC NC -

Surubu NC SC 2 Kushi AA C 4
Tal AA C 15 Kutin NC NC 1
Tambas AA C 3 Kwa NC NC 1
Tapshin NC SC 1 a Laka NC NC 60
Tarok NC SC 150 Lamja NC NC -

Tiv NC SC 2000 Lelau NC NC -

Turkwam NC SC 6 Libo NC NC -

Wase NC SC - Ligri NC SC -

Wukari NC SC 90 Lo AA C 2
Wurkum NC SC - Longuda NC NC 48
Yashi NC SC 1 Lotsu-Piri NC NC 2
Yeskwa NC SC 20 Mbula-Bwaza NC SC 35
Zarek NC SC - Mumbake NC NC 15
Zari AA C 4 Mumuye NC NC 425
Zeem AA C - Munga NC NC -

Nnakenyake NC NC -

08N10E Nigeria Panyam NC NC -

Awak NC NC - Pasam NC NC -

Bachama AA C 30 Pero AA C 30
Bali NC NC 1 Piya AA C 3
Bambuka NC NC 15 Roba NC NC 45
Bandawa-Minda NC SC 10 a Tangale AA C 150
Bangwinji NC NC - Teme NC NC -

Bashar NC SC 30 Tula NC NC 29
Bata AA C 59 Waja NC NC 45
Bile NC SC 1 Waka NC NC -

Boghom AA C 75 Yandang NC NC 15
Burak NC NC 2
Cham-Mwana NC NC -

Chomo NC SC -

Dadiya NC NC 2
Dera (Kanakuru) AA C 30
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L a n g u a g e  A f f il ia t io n S p e a k e r s L a n g u a g e  A f f il ia t io n S pea

08N12E Nigeria, Cameroon 06N12W Liberia; Monrovia
Banga NC NC 8 Bandi NC M 130
Bata AA C 59 Bassa NC NC 249
Bele NC NC 10 a Dan NC M 509
Besum NC NC 10 a De NC NC 8
Bveri NC NC 10 a Gola NC A 74
Chamba Daka NC NC 129 Kpelle NC M 750
Dama NC NC - Krim NC A 13
Dooyayo NC NC 20 Kuwaa NC NC 11
Duli NC NC 1 a Loma NC M 390
Durbeye NC NC 10 a Many a NC M 48 a
Fall NC NC 10 a Mende NC M 940
Fulfulde NC A 19404 Mmani NC A 5
Gey NC NC 2 a Sherbro NC A 175
Gimine NC NC 3 Vai NC M 97
Gimme NC NC 3
Gudu AA C 1 06N10W Inland Liberia
Handa NC NC - Daloa NC NC -

Ka'da AA C 75 Dan NC M 509
Kaang NC NC 10 a Ganyoa NC NC -

Kobo NC NC - Gbee NC NC 6
Kolena NC NC 3 a Glio-Ubi NC NC 5
Koma NC NC 23 Godie NC NC 210
Kugama NC NC - Guro NC M 168
Laka NC NC 60 Kohno NC M 9
Leko NC NC - Kuya NC NC 225
Libo NC NC - Mano NC M 225
Mambay NC NC 3 Manding NC M 9000
Mapeo NC NC - Mau NC M 120
Marke NC NC - Nyabwa NC NC 32
Mboi NC NC 3 Subre-Kaberwa NC NC -

Mbula-Bwaza NC SC 35 Tura NC M 29
Ndera NC NC 23 Wobe NC NC 160
Ngong NC SC 0 Wor NC M -

Nimbari NC NC 1 a
Njanyi AA C 21 06N08W Inland Ivory Coast
Nnayekanyake NC NC - Daloa NC NC -

Pam NC NC - Dan NC M 509
Peere NC NC 23 Ganyoa NC NC -

Samba NC NC 42 a Glio-Ubi NC NC 5
Teere NC NC - Godie NC NC 210
Tingelin NC NC 10 a Guere NC NC 1776
Vere NC NC 30 Guro NC M 210
West Mbum NC NC 10 a Kranh NC NC 85
Wom NC NC 25 Kuya NC NC 9
Yungur NC NC 68 Manding NC M 9000

Mau NC M 120
Nyabwa NC NC 32
Subre-Kaberwa NC NC -
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06N08W continued 06N00 continued
Tura NC M 29 Ge NC SC 284
Wobe NC NC 160 Gwa NC SC 23
Wor NC M - Kabre NC NC 785

Kebu NC SC 30
06N06W Ivory Coast Lelemi NC SC 31
Abey NC SC 74 Likpe NC SC 17
A tie NC SC 240 Logba NC SC 5 a
Baule-Ando NC SC 2000 Nkonya NC SC 45
Dida NC NC 173 Nyangbo NC SC 3
Gban NC M 33 Santrokofl NC SC 5
Guro NC M 210 Tafi NC SC 1
Lakota NC NC - West Yoruba NC SC 3458 b
Mwa NC M 9
Nwa NC M 15 06N02E Nigeria, Benin; Lagos
Vata NC NC - S.E. Yoruba NC SC 3458 b
Yaure NC M 30 a SW. Yoruba NC SC 3458 b

Fon NC SC 2275
06N04W Ivory Coast, Ghana West Yoruba NC SC 3458 b
Abron NC SC 741
Anyi NC SC 1328 06N04E Nigeria; Benin city
Asante NC SC 2070 Akoko NC SC -

Atie NC SC 240 Akpes NC SC -

Baule-Ando NC SC 2000 Central Ijoid NC SC 509
Deg NC NC 21 Edo NC SC 1000
Jeri NC M 10 N.E. Yoruba NC SC 3458 b
Kulanyo NC NC 108 Okpamheri NC SC 45
Nafaanra NC NC 50 Ora-Emai-Ialeha NC SC 60
Nzema NC SC 450 S.E. Yoruba NC SC 3458 b
Sefwi NC SC 166 a S.W. Yoruba NC SC 3458 b

Uhami-Iyayu NC SC -

06N02W Ghana; West o f Lake Volta Ukaan NC SC 27
Juang NC SC - Ukue-Ehwen NC SC -

Asante NC SC 2070
Dangme NC SC 1296 06N06E Nigeria; rivers Niger and Benue
Krachi NC SC 33 Absa NC SC 150

Akobo NC SC -

06N00 Togo; Lomé Central Igbo NC SC 2887 b
Adja NC SC 581 Ebira NC SC 510
Ahlong NC SC 3 Esan NC SC 300
Akpafu-Lolobi NC SC 16 Etsako NC SC 180
Akposo NC SC 110 Ghotuo NC SC 9
Asante NC SC 2070 Ibie NC SC -

Avatime NC SC 17 Idoma NC SC 450
Bowiri NC SC 8 Igala NC SC 850
Delo NC NC 8 Ikpeshi NC SC -

Ewe NC SC 3238 North Idomoid NC SC 84
Fon NC SC 2275 N.E. Yoruba NC SC 3458 b
Ga NC SC 1225 Nupe Tako NC SC 28

207



L a n g u a g e  A f f il ia t io n S p e a k e r s L a n g u a g e A f f il ia t io n S P E A K ]

06N06E continued 06N08E continued
Ogori-magongo NC SC - Koring NC SC 80
Okpamheri NC SC 45 Kukele NC SC 100
Okpe-Idesa-Oloma NC SC - Kohumono NC SC 45
Ora-Emai-Ialeha NC SC 60 Kpan NC SC -

Osimili Igbo NC SC 2887 b Kutep NC SC 39
Ososo NC SC - Legbo NC SC 65
Ouibala Igbo NC SC 2887 b Leyigha NC SC 13
Plains Igbo NC SC 2887 b Manta NC SC 20
Sasaru-Engwan Mbe NC SC 25 a

-Igwe NC SC 4 Mbembe NC SC 110
Savannah Igbo NC SC 2887 b Menka NC SC 15
Ulukwumi NC SC 3458 b Meta' NC SC 53
Uneme NC SC - Migili NC SC 55

Modele NC SC -

06N08E Nigeria; South ofMakurdi Mundum NC SC -

Abinsi NC SC - Nde NC SC 18 a
Aghem NC SC 20 Ndoe NC SC 11 a
Akpa NC SC 23 Ngie NC SC 35
Alege NC SC 1 Ngishe NC SC 6 a
Atong NC SC - Ngwo NC SC 35
Bajwa NC SC - Nkem NC SC 18
Basho NC SC - Nkum NC SC 9
Batomo NC SC - Nnam NC SC 1
Beba' NC SC - North Idomoid NC SC 84
Bebe NC SC - Nsele NC SC I
Befang NC SC - Nta NC SC 5
Bekware NC SC 153 Obanliku NC SC 75
Bete-Bendi NC SC 56 Otank NC SC 3
Boki NC SC 131 Leko NC NC 45
Bumaji NC SC - Savannah Igbo NC SC 2887 b
Caka NC SC 5 a South Idomoid NC SC 14 a
Central Idomoid NC SC 3 Takum NC SC 0 c
Efium NC SC 15 Tiv NC SC 2000
Efutop NC SC 23 Ubang NC SC -

Ekajuk NC SC 38 Ufia NC SC 18
Eloyi NC SC 25 a Ugare NC SC -

Em an NC SC 1 a Uhuum NC SC -

Enyom Igbo NC SC 2887 b Ukpe-Bayobiri NC SC 18
Esimbi NC SC 25 Utagwang NC SC 18
Etulo NC SC 3 Uzekue NC SC 5
Evand NC SC 6 Wandala AA C 285
Iceve NC SC 5 West Idomoid NC SC 60 a
Igede NC SC 140 Wi-Isu NC NC -

Ihatum NC SC - Wukari NC SC 90
Ikom-Olulumo NC SC 37 Yala NC SC 75
Ipulo NC SC 3 a Yatye NC SC 23
lyeve NC SC - Yukeben NC SC 3 a
Jimi AA C 1
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L a n g u a g e  A f f il ia t io n S p e a k e r s L a n g u a g e A f f il ia t io n S p e a k e r s

06N10E Nigeria, Cameroon 06N10E continued
Aghem NC SC 20 Somyewe NC SC -

Babamki NC SC - Takum NC SC 0 c
Bafut NC SC 52 Taram NC NC 3
Bambili NC SC 12 a Tikar NC SC 20
Bam urn NC SC 231 Tiv NC SC 2000
Bamunka NC SC 20 Uhuum NC SC -

Batu NC SC 38 Veng'o NC SC 16
Baya NC NC - Vute NC SC 33
Bitare NC SC 128 Wi-Isu NC SC -

Bu-Za-Ngem NC SC - Yamba NC SC 26
Bum NC SC - Wushi NC SC 14
Chamba Daka NC NC 129
Chomo NC SC - 06N12E Cameroon; Ngaoundéré
Dirim NC NC 17
Dzodinka NC SC 3 Bamnyo NC SC -

Fam NC SC - Dan Muure NC NC -

Fulfulde NC A 19404 Dii NC NC 51
Icen NC SC 7 Fulfulde NC A 19404
Jibu NC SC 30 Kali NC NC -

Kamazuug NC SC - Kuumbere NC SC -

Kanswei Nsei NC SC 20 Muure NC NC -

Kom NC SC 145 Nduuvum NC SC -

Konja NC SC 23 Njoyame NC SC -

Koshin NC SC - N.W. Gbaya NC NC 173 a
Kotopo NC NC - Peere NC NC 22 a
Kpan NC SC - Suga NC SC 15
Kuo NC SC 12 Vute NC SC 33
Kutep NC SC 39 West Mbum NC NC 10 a
Leko NC NC 45 Zongbi NC NC -

Lamnso' NC SC 150
Limbum NC SC 75
Mambila NC SC 120
Mba NC SC -

Mbembe NC SC 40
Mbogno NC SC -

Meta' NC SC -

Mfumte NC SC 30
Missong NC SC 4
Mmem NC SC -

Mundum NC SC -

Mvano NC SC -

Mungaka NC SC 60
Naki NC SC 3 a
Ncane NC SC -

Ndoro NC SC 15
Njikun NC SC -

Noni NC SC 35 a
Nsari NC SC _
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- APPENDIX II -
GLOBAL LINGUISTIC DIVERSITY DATA

This appendix contains the data on global linguistic diversity discussed in chapter 4. 

Table A gives the language, area, population and climate data for the tropical countries 

from section 4.2. Table B gives the data on linguistic diversity and economic 

development dealt with in section 4.3. The countries are listed alphabetically in table 

A and ranked by GNP in table B.

Notes 

Table A 

Langs

Area

Pop.

Stations

Growing

Std.

Number of languages spoken by a resident population in the country, 

from Grimes (1993).

In km^, from UN Demographic Yearbook 1993.

Population in thousands, from UN Demographic Yearbook 1993. 

Number of weather stations from which climate data has been taken. 

Mean growing season, from data in Wemstadt (1972).

Standard deviation of the growing season.

Table B

Band Economic band, from World Bank (1993)

Area In thousand km^, from UN Demographic Yearbook 1993

Pop. Population in millions, from UN Demographic Yearbook 1993

% FL Percentage of the population speaking the country's major language as

a first language, from Globe (1990).

LPC Languages per million people (Langs/Pop).

GNP In US$, from World Bank (1993).

LE Life expectancy in years, from World Bank (1993).

210



Table A 

C ountry Langs Area Pop. Stations Growing Std.
Algeria 18 2381741 25660 102 6.60 2.29
Angola 42 1246700 10303 50 6.22 1.87
Australia 234 7713364 17336 134 6.00 4.17
Bangladesh 37 143998 118745 20 7.40 0.73
Benin 52 112622 4889 7 7.14 0.99
Bolivia 38 1098581 7612 48 6.92 2.50
Botswana 27 581730 1348 10 4.60 1.69
Brazil 209 8511965 153322 245 9.71 5.87
Burkina Faso 75 274000 9242 6 5.17 1.07
C A R . 94 622984 3127 13 8.08 1.21
Cambodia 18 181035 8442 9 8.44 0.50
Cameroon 275 475422 12239 35 9.17 1.75
Chad 126 1284000 5819 11 4.00 1.81
Colombia 79 1138914 33613 35 11.37 1.37
Congo 60 342000 2346 10 9.60 1.69
Costa Rica 10 51100 3064 38 8.92 1.78
Cote d'Ivoire 75 322463 12464 9 8.67 1.25
Cuba 1 110861 10736 13 7.46 1.55
Ecuador 22 283561 10851 44 8.14 3.47
Egypt 11 1001449 54688 50 0.89 0.89
Ethiopia 112 1221900 53383 36 7.28 3.10
French Guiana 11 90000 102 5 10.40 0.80
Gabon 40 267667 1212 14 8.79 0.77
Ghana 73 238553 15509 28 8.79 1.68
Guatemala 52 108889 9467 59 9.31 2.23
Guinea 29 245857 5931 8 7.38 1.22
Guyana 14 214969 800 5 12.00 0.00
Honduras 9 112088 5265 13 8.54 2.53
India 405 3287590 849638 218 5.32 1.92
Indonesia 701 1904569 187765 58 10.67 1.82
Kenya 58 580367 25905 34 7.26 3.61
Laos 93 236800 4262 7 7.14 0.35
Liberia 34 111369 2705 21 10.62 0.84
Libya 13 1759540 4712 54 2.43 1.60
Madagascar 4 587041 11493 81 7.33 2.96
Malawi 14 118484 8556 20 5.80 1.50
Malaysia 140 329749 18333 63 11.92 0.37
Mali 31 1240192 9507 17 3.59 1.97
Mauritania 8 1025520 2036 8 0.75 0.83
Mexico 243 1958201 87836 272 5.84 2.69
Mozambique 36 801590 16084 90 6.07 1.39
Myanmar 105 676578 42561 30 6.93 0.81
Namibia 21 824292 1837 6 2.50 1.89
Nepal 102 140797 19605 16 6 39 1.98
Nicaragua 7 130000 3999 8 8.13 2.15
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Table A continued

Country Langs Area Pop. Stations Growing Std.
Niger 21 1267000 7984 10 2 40 1.28
Nigeria 427 923768 112163 24 7.00 2.16
Oman 8 212457 1559 2 0.00 0.00
Panama 13 75517 2466 5 9.20 0.75
Papua New Guinea 862 462840 3772 8 10.88 1.96
Paraguay 21 4 06752 4397 16 10.25 2.51
Peru 91 1285216 21998 40 2.65 4.22
Phillipines 168 300000 62868 64 10.34 1.92
Saudi Arabia 8 2149690 14691 10 0.40 0.92
Senegal 42 196722 7533 12 3.58 111
Sierra Leone 23 71740 4260 23 8.22 0.59
Solomon Islands 66 28896 3301 1 12.00 0.00
Somalia 14 637657 7691 28 3.00 1.69
South Africa 32 1221037 36070 114 6.05 3.50
Sri Lanka 7 65610 17240 17 9.59 2.59
Sudan 134 2505813 25941 43 4.02 2.82
Suriname 17 163265 429 2 12.00 0.00
Tanzania 131 945087 28359 45 7.02 1.90
Thailand 82 513115 56293 54 8.04 1.57
Togo 43 56785 3643 11 7.91 1.78
UAE 9 83600 1629 6 0.83 0.69
Uganda 43 235880 19517 21 10.14 1.17
Vanuatu 111 12189 163 4 12.00 0.00
Venezuela 40 912050 20226 44 7.98 2.73
Vietnam 88 331689 68183 40 8.80 1.59
Yemen 6 527968 12302 2 0.00 0.00
Zaire 219 2344858 36672 16 9.44 1.90
Zambia 38 752618 8780 30 5.43 0.67
Zimbabwe 18 390759 10019 52 5.29 1.43
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Table B 

Country Band Area Pop. % FL Langs LPC GNP LE
Mozambique I 802 16.10 38 36 2.24 80 47
Tanzania 1 945 25.20 13 131 5.20 100 51
Ethiopia 1 1222 52.80 31 112 2.12 120 48
Uganda 1 236 16.90 16 43 2.54 170 46
Bhutan 1 47 1.50 30 11 7.33 180 48
Guinea-Bissau 1 36 1.00 30 22 22.00 180 39
Nepal 1 141 19.40 58 102 5.26 180 53
Burundi 1 28 5.70 97 3 0.53 210 48
Chad 1 1284 5.80 30 126 21.72 210 47
Madagascar 1 587 12.00 99 4 0.33 210 51
Sierra Leone 1 72 4.20 31 23 5.48 210 42
Bangladesh 1 144 110.60 98 37 0.33 220 51
Laos 1 237 4.30 79 93 21.63 220 50
Malawi 1 118 8.80 50 14 1.59 230 45
Rwanda 1 26 7.10 100 1 0.14 270 46
Mali 1 1240 8.70 38 31 3.56 280 48
Burkina 1 274 9.30 48 75 8.06 290 48
Niger 1 1267 7.90 46 21 2.66 300 46
India 1 3288 866.50 28 405 0.47 330 60
Kenya 1 580 25.00 20 58 2.32 340 59
Nigeria 1 924 99.00 21 427 4.31 340 52
China 1 9561 1149.50 67 168 0.15 370 69
Haiti 1 28 6.60 99 2 0.30 370 55
Benin 1 113 4.90 26 52 10.61 380 51
C A R . 1 623 3.10 47 94 30.32 390 47
Ghana 1 239 15.30 44 73 4.77 400 55
Pakistan 1 796 115.80 48 68 0.59 400 59
Togo 1 57 3.80 22 43 11.32 410 54
Guinea 1 246 5.90 40 29 4.92 460 44
Nicaragua I 130 3.80 95 10 2.63 460 66
Sri Lanka I 66 17.20 66 7 0.41 500 71
Mauritania I 1026 2.00 80 8 4.00 510 47
Yemen 1 528 12.50 93 6 0.48 520 52
Honduras 1 112 5.30 97 9 1.70 580 65
Lesotho 1 30 1.80 85 4 2.22 580 56
Indonesia 1 1905 181.30 42 701 3.87 610 60
Egypt 1 1001 53.60 99 11 0.21 610 61
Zimbabwe 1 391 10.10 55 18 1.78 650 60
Sudan 1 2506 25.80 51 134 5.19 - 51
Zambia 1 753 8.30 25 38 4.58 - 49
Bolivia 2 1099 7.30 37 38 5.21 650 59
Cote d'Ivoire 2 322 12.40 24 75 6.05 690 52
Senegal 2 197 7.60 44 42 5.53 720 48
Phillipines 2 300 62.90 24 168 2.67 730 65
Papua New Guinea 2 463 4.00 20 862 215.5 830 56
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Table B continued

Country Band Area Pop. % FL Langs LPC GNP LE
Cameroon 2 475 11.90 9 275 23.11 850 55
Guatemala 2 109 9 50 66 52 5.47 930 64
Dominican Republic 2 49 7.20 98 3 0.42 940 67
Ecuador 2 284 10.80 93 22 2.04 1000 66
Morocco 2 447 25.70 65 12 0.47 1030 63
Jordan 2 89 3.70 98 7 1.89 1050 69
Peru 2 1285 5.50 68 91 16.55 1070 64
El Salvador 2 21 21.90 100 5 0.23 1080 66
Congo 2 342 5.30 47 60 11.32 1120 52
Syria 2 185 2.40 88 13 5.42 1160 67
Colombia 2 1139 32.80 99 79 2.41 1260 69
Paraguay 2 407 4.40 89 21 4.77 1270 67
Jamaica 2 11 20.90 70 3 0.14 1380 73
Romania 2 238 23.00 87 14 0.61 1390 70
Namibia 2 824 1.50 47 21 14.00 1460 58
Tunisia 2 164 8.20 99 11 1.34 1500 67
Thailand 2 513 57.20 41 82 1.43 1570 69
Turkey 2 779 57.30 90 35 0.61 1780 67
Poland 2 313 38.20 98 10 0.26 1790 71
Bulgaria 2 111 9.00 85 12 1.33 1840 72
Costa Rica 2 51 3.10 97 10 3.23 1850 76
Algeria 2 2382 25.70 83 18 0.70 1980 66
Panama 2 77 2.50 81 13 5.20 2130 73
Chile 2 757 13.40 92 8 0.60 2160 72
Iran 2 1648 57.70 50 51 0.88 2170 65
Czechoslovakia 2 128 15.70 63 13 0.83 2470 72
Malaysia 2 330 18.20 47 140 7.69 2520 71
Botswana 3 582 1.30 75 27 20.77 2530 68
South Africa 3 1221 38.90 25 32 0.82 2560 63
Hungary 3 93 10.30 98 8 0.78 2720 70
Venezuela 3 912 19.80 97 40 2.02 2730 70
Argentina 3 2767 32.70 96 25 0.76 2790 71
Uruguay 3 177 3.10 100 1 0.32 2840 73
Brazil 3 8512 151.40 97 209 1.38 2940 66
Mexico 3 1958 83.30 91 243 2 92 3030 70
Gabon 3 268 1.20 29 40 33.33 3780 54
Portugal 3 92 9.90 100 5 0.51 5930 74
Oman 3 212 1.60 68 8 5.00 6120 69
Korea 3 99 43.30 100 2 0.05 6330 70
Greece 3 132 10.30 95 15 1.46 6340 77
Saudi Arabia 3 2150 15.40 99 8 0.52 7820 69
Yugoslavia 3 256 23.90 72 16 0.67 - 73
Ireland 4 70 3.50 95 4 1.14 11120 75
Israel 4 21 4.90 69 23 4.69 11950 76
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Table B concluded 

Country Band Area Pop. % FL Langs LPC GNP LE
New Zealand 4 271 3.40 93 15 4.41 12350 76
Spain 4 505 39.00 70 13 0.33 12450 77
United Kingdom 4 245 57.60 98 13 0.23 16550 75
Australia 4 7687 17.30 89 234 13.53 17050 77
Italy 4 301 57.80 94 32 0.55 18520 77
Netherlands 4 37 15.10 93 5 0.33 18780 77
Belgium 4 31 10.00 58 5 0.50 18950 76
Austria 4 84 7.80 99 10 1.28 20140 76
France 4 552 57.00 87 25 0.44 20380 77
Canada 4 9976 27.30 62 77 2.82 20440 77
United States 4 9373 252.70 89 164 0.65 22240 76
Germany 4 357 80.10 98 21 0.26 23650 76
Denmark 4 43 5.20 97 6 1.15 23700 75
Finland 4 338 5.00 94 11 2.20 23980 76
Norway 4 324 4.30 99 11 2.56 24220 77
Sweden 4 450 8.60 93 15 1.74 25110 78
Japan 4 378 123.90 99 14 0.11 26930 79
Switzerland 4 41 6.80 65 8 1.18 33610 78
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- APPENDIX III -
WEST AFRICAN PHONOLOGICAL DATA

This appendix contains the West African phonological data from chapter 5. The 

languages are presented by phylum in the order Afro-Asiatic, Niger-Congo, Nilo- 

Saharan. The various phonological indices are defined in chapter 5.

Notes

G. The mean growing season for the sector(s) in which the language is

spoken, from the data in Appendix I.

Sp. The number of speakers of the language, in thousands, from

Appendix I.

Source WALDS 1 = West African Language Data Sheets, Volume 1

(Kropp-Dakubu 1977)

WALDS 2 = West African Language Data Sheets, Volume 2 

(Kropp-Dakubu 1980)
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Language G. Sp. VO VI TO T1 NOVH NO NIVH N1 CO Cl C2 S R Source
Bedouin Arabic 1 2293 4 9 1 1 4 4 9 9 38 76 389 42 O il Cohen (1963)
Tamasheq 2 7500 7 11 1 1 7 7 11 11 29 42 44 36 0.24 Mali (1987)
Say a 7 75 6 12 2 4 12 12 36 36 30 30 34 42 0.40 Schneeberg (1974)
Angas 7 150 7 7 3 3 21 21 21 21 45 64 64 66 0.47 WALDS 1
Kofyar 7 60 6 12 3 3 18 18 36 36 23 25 25 41 0.78 WALDS 1
Sura 7 60 5 10 3 3 15 15 30 30 22 22 22 37 0.68 Frazyngier (1993); 

Jungraithmayr (1964)
Ngizim 4 59 5 12 5 5 23 23 54 54 29 32 34 52 0.79 Schuh (1981)
Bachama 6 30 6 12 2 2 12 12 24 24 26 26 26 38 0.46 Wolff (1959)
Tangale 6 150 9 23 2 2 11 18 31 46 26 39 39 44 0.69 Kidda (1985)
Dera (Kanakuru) 6 15 6 12 2 2 12 12 24 24 20 24 24 32 0.60 Wolff (1959)
Bura 4.5 270 6 6 2 2 12 12 12 12 34 34 34 46 0.35 Wolff (1959)
Kilba 5 120 3 3 2 2 5 5 5 5 24 58 58 29 0.21 WALDS 1
Hausa 4 8000 5 12 2 3 10 10 31 31 25 29 29 35 0.40 Jaggar (1993); 

Dunstan (1969)
Higi 5 305 6 6 2 2 12 12 12 12 33 33 33 45 0.36 Wolff (1959)
Mofu South 5 33 3 5 2 2 6 6 10 10 32 36 36 38 0.19 Barreteau (1988)
Lamang North 5 20 4 6 3 3 12 12 18 18 31 37 37 43 0.39 Wolff (1983)
Tera 4 69 6 12 3 3 18 18 36 36 32 40 40 50 0.56 Newman (1969)
Dan 9 509 24 55 5 9 120 120 399 399 17 18 20 137 7.06 WALDS 2
Tura 9 29 14 33 4 8 56 56 208 208 17 19 19 73 3.29 WALDS 2
Nwa 8 15 12 26 3 7 36 36 134 134 18 20 26 54 2.00 WALDS 2
Bobo 5 160 12 28 7 7 84 84 196 196 21 21 21 105 4.00 LeBris and Prost 

(1981)
Bambara 5 1500 14 21 2 2 28 28 42 42 21 21 21 49 1.33 Bird et al (1977)
Manding 7 9000 5 10 2 2 10 10 20 20 20 20 20 30 0.50 Baldé and Drame 

(1982)
Maninka 6 1800 7 15 2 2 14 14 30 30 17 18 22 31 0.82 Spears (1965); 

Grégoire (1986)
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GO

Language G. Sp. VO VI TO T1 NOVH NO NIVH N1 CO Cl C2 S R Source
Vai 9 97 12 32 2 2 24 24 64 64 29 29 29 53 0.83 Heydom (1971)
Sembla 5 8 12 30 4 8 48 48 144 144 16 21 21 64 3.00 Prost (1971)
Kpelle 9 750 14 28 3 5 42 42 112 112 17 19 19 59 2.47 Welmers (1962); 

Maddieson (1984)
Mende 9 940 12 26 4 4 48 48 104 104 23 23 23 71 2.09 Innes (1967)
Fulfulde 4 19404 5 10 1 1 5 5 10 10 28 48 48 33 0.18 Dunstan (1969)
Krim 9 13 9 32 2 2 18 18 64 64 20 20 20 38 0.90 WALDS 1
Sherbro 9 175 12 24 2 2 13 24 25 48 23 23 23 47 1.04 WALDS 2
Sanda 9 190 9 14 3 3 27 27 42 42 16 16 16 43 1.69 Wilson (1961)
Vata 8 5 14 27 10 10 101 140 161 270 24 24 41 164 5.83 Vogler (1987)
Godie 9 210 13 29 3 7 22 39 92 242 21 26 34 60 1.86 WALDS 1
Wobe 9 160 18 40 8 8 144 144 320 320 17 19 23 161 8.47 WALDS 2
Dogon 3 700 12 26 2 2 24 24 52 52 16 16 16 40 1.50 WALDS 1
Kabre 8.5 785 9 18 2 4 11 18 31 54 18 18 18 36 1.00 Delord (1976)
Kasem 6 128 17 27 4 4 37 68 57 108 19 23 23 87 3.58 WALDS 1
Basari-Tobote 7 5 6 6 3 5 18 18 24 24 20 20 20 38 0.90 WALDS 1
Gurma 5 566 5 12 5 5 25 25 60 60 20 20 20 45 1.25 Surugne (1979)
Konkomba 7 356 7 15 3 5 18 18 54 54 21 21 21 39 0.86 WALDS 1
Moba 6.5 180 14 28 3 3 42 42 84 84 20 30 30 62 2.10 Reinhard (1984); 

Prost (1967)
Dagaari 6 630 18 27 3 4 26 54 39 81 24 24 24 78 2.25 WALDS 1
Dagbani 6 409 6 11 3 3 15 15 28 28 22 22 23 37 0.68 Wilson (1970); 

WALDS 1
Gurenne 6 581 8 15 4 4 28 28 53 53 21 21 21 49 1.33 Schaefer (1974); 

WALDS 2
Hanga-Kamara 7 5 10 21 3 3 30 25 53 53 22 22 22 47 1.14 WALDS 2
Kusaal 6.5 200 14 30 3 3 42 42 90 90 18 18 18 60 2.33 WALDS 1
Mampruli 6.5 137 5 10 2 4 10 10 30 30 19 19 19 29 0.53 Arana and Swadesh 

(1967)
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Language G. Sp. VO VI TO XI NOVH NO NIVH N1 CO Cl C2 S R
Moore 4 5100 12 65 3 7 36 36 275 275 15 15 15 51 2.40
Senari 6 450 12 12 5 5 60 60 60 60 22 24 24 82 2.73
Supyire 5.5 450 12 24 4 4 48 48 96 96 25 25 25 73 1.92
Nafara 7 38 12 27 3 3 36 36 81 81 25 25 30 61 1.44
Chamba Daka 7 129 8 14 5 5 40 40 70 70 22 22 22 62 1.82
Dooyayo 6 20 12 24 4 8 48 48 144 144 22 22 22 70 2.18
Mumuye 6 425 6 12 3 6 18 18 54 54 23 38 38 41 0.78
Waja 5 45 9 18 4 4 21 36 41 72 18 30 30 54 2.00

Asante 9 2070 16 16 2 2 17 32 17 32 16 22 22 48 2.00

Chakosi 7 60 12 17 4 4 42 42 60 60 24 49 49 66 1.75

Anyi 9 1328 12 12 4 4 48 48 48 48 16 27 42 64 3.00
Baule-Ando 8.5 2000 12 12 5 5 60 60 60 60 20 30 36 80 3.00
Gichode 7 5 22 25 3 3 21 55 26 63 21 28 32 76 2.62
Chumburung 7 15 9 13 3 3 16 27 28 39 19 34 36 46 1.42
Krachi 9 33 24 50 3 4 31 60 72 151 17 17 17 77 3.53
Akpafu-Lolobi 10 5 14 25 3 6 42 42 108 108 21 21 27 63 2.00
Lelemi 10 31 11 27 3 3 22 33 52 81 19 19 19 52 1.74

Likpe 10 17 13 22 3 7 39 39 85 85 21 30 34 60 1.86
Santrokofl 10 5 13 31 4 11 29 52 161 250 18 19 21 70 2.89
Ge 10 284 12 27 3 4 36 36 96 96 20 22 23 56 1.80
Abey 8 74 10 10 4 4 21 40 21 40 21 46 46 61 1.90
Dangme 9 1296 12 22 3 5 36 36 86 86 23 23 35 59 1.57
Ga 10 1225 12 22 3 6 36 36 85 85 23 30 30 59 1.57
Ewe 10 3238 11 22 5 5 55 55 110 110 26 27 31 81 2.12

Source
Canu (1976) 
Welmers (1960) 
Carlson (1990) 
WALDS 2 
Wolff (1959) 
WALDS 1 
Shimuzu (1983) 
Kleinewillinghofer 

(1989) 
Schachter and 
Fromkin (1968); 
Campbell (1991) 
Stanford and 
Stanford (1970) 
Carteron (1970) 
WALDS 1 
WALDS 1 
Price (1975) 
WALDS 1 
WALDS 2 
Hoftman (1971); 
WALDS 1 
WALDS 2 
WALDS 2 
Kangni (1989) 
Gbery (1987) 
WALDS 1 
WALDS 1 
Nutinunya (1974)



Language G. Sp. VO VI TO T1 NOVH NO NIVH N1 CO Cl C2 S R Source
Bariba 7 33 12 24 6 11 72 72 193 193 18 18 18 90 4.00 Welmers (1952)
Igede 7 140 10 10 4 4 40 40 40 40 19 34 34 59 2.11 WALDS 1
Yala 7 75 7 7 4 4 25 25 25 24.5 24 29 30 49 1.04 Armstrong (1968)
Eloyi 7 38 7 7 5 5 35 35 35 35 29 29 29 64 1.21 WALDS 1
Ebira 6.5 510 8 16 5 5 40 40 80 80 19 19 19 59 2.11 WALDS 1
Gbagyi 6 300 5 5 3 3 15 15 15 15 23 42 42 38 0.65 Hyman and Magaji 

(1970)
Nupe 6 750 8 9 5 5 40 40 45 45 22 27 27 62 1.82 Smith (1967)
Itsekiri 9 520 12 12 3 3 36 36 36 36 19 21 21 55 1.89 Dunstan (1969)
Central Yoruba 8 3458 12 12 3 3 36 36 36 36 18 18 18 54 2.00 Oyediji (1971), 

Dunstan (1969)
Edo 9 1000 12 24 3 5 30 30 84 84 23 23 23 53 1.30 WALDS 2

t o Etsako 7 180 7 34 4 5 25 25 147 147 20 26 26 45 1.25 Laver (1968);
t o Dunstan (1969)
o Okpe-ldesa-

Oloma
7 5 18 41 3 5 26 45 85 149 27 27 35 72 1.67 Omamor (1990)

Central Igbo 7 2887 8 8 3 3 13 24 13 24 34 43 43 58 0.71 Dunstan (1969)
Izi 7 890 9 9 3 3 14 23 14 23 26 35 35 49 0.88 WALDS 1
Wukari 7 90 10 10 4 4 40 40 40 40 35 35 35 75 1.14 WolfT (1959)
Chomo 7.5 5 6 6 3 3 18 18 18 18 23 46 46 41 0.78 Shimuzu (1980)
Kpan 7.5 5 10 10 3 3 30 30 30 30 22 44 44 52 1.36 Shimizu (1980)
Tarok 7 150 7 11 4 4 28 28 44 44 30 59 59 58 0.93 Longtau (1993)
Kutep 7.5 39 7 7 4 4 28 28 28 28 24 48 53 52 1.17 Shimizu (1980)
Yukeben 7 5 6 6 4 4 24 24 24 24 24 44 44 48 1.00 Shimizu (1980)
Kohumono 7 45 10 22 3 6 16 30 52 102 25 28 55 1.20 WALDS 1
Mbembe 7 110 7 9 3 3 18 18 23 23 27 35 35 45 0.67 WALDS 2
Amo 5 4 6 10 4 4 24 24 40 40 25 25 25 49 0.96 Di Luzio (1972)
Gyem 5 1 6 11 3 5 15 15 38 38 25 36 36 40 0.60 Shimuzu (1982)
Moro 5 3 6 14 2 4 7 12 23 56 23 23 23 35 0.52 Shimizu (1979)



DO

Sanga 5 5 6 14 2 4 7 12 23 44 24 24 24 36 0.50 Shimizu (1979)
Chokoba 5 1 6 13 2 4 7 12 23 40 26 32 32 38 0.46 Shimizu (1979)
Guta 6 5 6 17 2 4 12 12 56 56 24 24 24 36 0.50 Shimizu (1979)
Jere 5 5 6 11 3 5 8 15 21 38 21 22 22 36 0.71 Shimizu (1982)
Shani 5 1 6 11 3 5 15 15 38 38 20 22 22 35 0.75 Shimuzu (1982)
Duka 6 38 8 16 3 4 24 24 56 56 16 20 20 40 1.50 WALDS 1
Birom 7 220 7 12 3 7 21 21 56 56 20 23 23 41 1.05 Bouqiaux (1981)
Eggon 7 90 10 10 5 5 50 50 50 50 38 45 77 88 1.32 Sibomana (1985)
Mambila 8 120 6 20 9 9 54 54 180 180 19 19 19 73 2.84 Perrin and Hill 

(1969)
Vute 7.5 33 15 23 11 11 165 165 253 253 30 38 38 195 5.50 Guarisma (1978)
Tiv 7 2000 6 6 3 3 15 15 15 15 31 37 37 46 0.48 Dunstan (1969)
Nkem 7 18 7 7 5 5 32 32 32 32 20 20 20 52 1.60 Sibomana (1986)
Limbum 8 75 7 14 6 6 42 42 84 84 18 25 28 60 2.33 WALDS 2
Aghem 7.5 20 10 27 4 6 35 35 129 129 23 30 30 58 1.52 Hyman (1979)
Lamnso* 8 150 6 12 8 8 48 48 96 96 22 22 22 70 2.18 WALDS 2
Kanuri 2 4500 6 9 4 4 24 24 36 36 24 24 24 48 1.00 Hutchison (1982)
Dendi 4.5 23 14 21 4 4 56 56 84 84 15 24 24 71 3.73 Nicolai (1978)
Songhai 2.5 675 5 10 2 6 10 10 60 60 32 62 62 42 0.31 Stappers (1964)
Zarma 4 2000 9 21 4 4 36 36 84 84 30 42 42 66 1.20 Tersis (1981)



- APPENDIX IV -
GLOBAL LINGUISTIC DATA

This appendix contains the phonological and morphological data from chapter 6. 

Table A lists the sample languages, with their genetic affiliations, geographical 

locations, climate and size categories.

Table B gives the phonological and morphological indices described in chapter 6, 

along with the sources consulted. The sample itself, the latitude and longitude, the 

genetic clasification, and the morphological complexity data come from Nichols 

(1992).

* denotes a language from the West African area treated in chapter 5.
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Table A 

Language Stock Family A rea Lat Long Climate Size
Hausa* Afroasiatic Chadic 1 12 8 1 4
Oromo Afroasiatic Cushitic 1 0 38 2 4
Dizi Afroasiatic Omotic 1 6 35 2 2
Amharic Afroasiatic Semitic 1 10 38 3 4
!Kung Khoisan Bushman 1 -19 17 1 3
Nama Khoisan Hottentot 1 -26 18 1 4
Sandawe Khoisan ? 1 -6 36 2 3
Orig Kordofanian Kordofanian 1 13 31 3 3
Mandinka* Niger-Congo Mande 1 15 -15 1 4
Fulfulde* Niger-Congo Atlantic 1 13 -9 1 4
Gbeya* Niger-Congo North Central 1 5 15 4 4
Luganda Niger-Congo South Central; Bantu 1 2 33 3 4
Yoruba* Niger-Congo South Central 1 5 7 3 4
Maasai Nilo-Saharan East Sudanic 1 -3 37 2 4
Ik Nilo-Saharan Kuliak 1 4 34 2 2
Nera Nilo-Saharan North Sudanic 1 15 38 1 3
Logbara Nilo-Saharan Central Sudanic 1 3 31 4 4
Songhai* Nilo-Saharan Songhai 1 15 0 1 4
Fur Nilo-Saharan Fur 1 13 24 1 4
Acehnese Austronesian W. Austronesian 1 5 97 1 4
Gurung Sino-Tibetan Tibeto-Burman 1 28 83 3 4
Kota Dravidian Dravidian 1 11 77 2 1
Temiar Austroasiatic Austroasiatic 1 5 102 4 2
Thai Tai Tai 1 20 103 3 4



Table A (continued)

to
to

Language Stock Family Area Lat Long Climate Size
Abelam ? 2 -4 143 4 3
Alamblak Sepik Hill 2 -4 144 4 2
Amele Madang? 2 -5 145 4 2
Arapesh Torricelli 2 -3 143 4 3
Asmat Asmat 2 -6 139 4 3
Awtuw Sepik-Ramu Ram 2 -3 142 4 1
Hua E. N.G. Highlands Gorokan 2 -6 145 4 3
Kobon E. N.G. Highlands Kalam 2 -5 145 4 2
Kate Finisterre-Huon Huon 2 -7 148 4 2
Kewa Engan 2 -6 144 4 3
Kiwai Kiwai an 2 -9 143 3 3
Kombai Awyu 2 -5 140 4 2
Salt-Yui Chimbu 2 -6 145 4 2
Sentani Sentani 2 -3 140 4 2
Suena Binanderean 2 -8 148 4 2
Telefol Ok 2 -5 142 4 2
Vanimo Sko 2 -3 141 4 2
Yali Dani 2 -4 139 4 3
Yessan-Mayo Upper Sepik Tama 2 -4 133 4 1
Yimas Lower Sepik 2 -5 144 4 1
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Table A (continued)

Language Stock Family Area Lat Long Climate Size
Chamorro Austronesian Western 2 15 145 4 3
Drehu Austronesian E. Nearer 2 -21 168 4 2
Ponapean Austronesian E: Remote Oceanic 2 6 158 4 3
West Futuna Austronesian E: Polynesian 2 -19 178 4 1
Sulka N. Britain-N. Ireland 2 -5 152 4 2
Rotokas Bougainville 2 -5 155 4 2
Nasioi South Bougainville 2 -6 156 4 2
Tiwi (Isolate) 3 -12 131 2 2
Malak-Malak Northern Australian prefixing 3 -13 131 2 1
Gunwinggu Northern Australian prefixing 3 -13 134 2 1
Kuniyanti Northern Australian prefixing 3 -17 127 1 1
Mangarayi Northern Australian prefixing 3 -18 134 1 1
Maung Northern Australian prefixing 3 -12 133 2 1
Nunggubuyu Northern Australian prefixing 3 -14 136 2 1
Nyigina Northern Australian prefixing 3 -18 123 1 1
Ungarinjin Northern Australian prefixing 3 -17 126 1 1
Wamdarang Northern Australian prefixing 3 -15 135 2 1
Djingili Northern Australian non-prefixing 3 -20 135 1 1
Garawa Northern Australian non-prefixing 3 -20 137 1 1
Western Desert Pama-Nyungan Western 3 -27 132 1 1
Yukulta Pama-Nyungan Northern 3 -17 138 1 1
Uradhi Pama-Nyungan Central 3 -12 143 2 1
Dyirbal Pama-Nyungan Central 3 -18 146 2 2



Table A (concluded)

r o
r o
O)

Language Stock Family Area Lat Long Climate Size
Chichimec Otomanguean Western 4 21 -100 2 2
Mixtec Otomanguean Eastern 4 17 -98 2 4
Chontal Tequistlatec-Jiqaque 4 16 -96 2 2
Huave Huave Huave 4 16 -95 2 2
Mixe Mixe-Zoque Mixe-Zoque 4 17 -96 3 3
Pipil Uto-Aztecan Southern 4 14 -90 3 1
Tarascan (Isolate) 4 19 -102 2 3
Tepehua Totonac-Tepehua Totonac-Tepehua 4 20 -98 2 2
Tzutujil May an May an 4 14 -91 4 3
Axininca Campa Maipurean Pre-Andine 4 -12 -75 3 3
Canela-Kraho Macro-Je? Je 4 -5 -45 3 2
Cayuvava (Isolate) 4 -14 -67 4 2
Hixkaryana Carib 4 -1 -58 4 1
Jaqaru Qechumaran? Jaqi 4 -12 -76 2 2
Huallaga Quechua Qechumaran? Quechuan 4 -10 -76 3 3
Jivaro Jebero-Jivaroan Jivaro 4 -4 -79 3 3
Guarani Tupian Tupi-Guarani 4 -25 -57 3 4
Nambiquara Nambiquara Nambiquara 4 -13 -59 3 1
Piraha Mura-Matanawi? Muran 4 -8 -62 4 1
Cashinahua Pano-Tacanan? Panoan 4 -10 -71 4 2
Yagua Saparo-Yaguan Yaguan 4 -4 -74 4 2
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Table B 

Language VO TO NO CO S R M C Sources
Hausa* 5 2 10 25 35 0.40 11 79 Jaggar (1993); Dunstan (1969)
Oromo 5 2 10 23 33 0.43 11 77 Owens (1985); Lloret-Romanyach (1988)
Dizi 6 3 18 24 42 0.75 12 90 Allan (1976)
Amharic 5 1 5 26 31 0.19 13 83 Maddieson (1984); Hartmann (1980)
!Kimg 13 4 52 95 147 0.55 2 155 Snyman (1975); Maddieson (1984)
Nama 5 3 15 32 47 0.47 8 79 Hagman (1977)
Sandawe 10 4 40 44 84 0.91 4 100 Eiderkin (1989)
Orig 10 2 20 14 34 1.43 7 62 Schadenberg and Elias (1979)
Mandinka* 5 2 10 20 30 0.50 4 46 Balde and Drame (1982)
Fulfulde* 5 1 5 28 33 0.18 5 53 Dunstan (1969)
Gbeya* 12 2 24 31 55 0.77 9 91 Samarin (1966)
Luganda 5 2 10 19 29 0.53 9 65 Katamba (1974)
Yoruba* 12 3 36 18 54 2.00 6 78 Oyediji (1971); Dunstan (1969)
Maasai 9 4 36 19 55 1.89 11 99 Maddieson (1984); Campbell (1991)
Ik 13 5 65 31 96 2.10 10 136 Heine (1975); Tucker (1971)
Nera 5 2 10 17 27 0.59 10 67 Thompson (1976)
Logbara 7 3 21 26 47 0.81 5 67 Barr (1965); Crazzolara (1960)
Songhai* 5 2 10 18 28 0.56 3 40 Stappers (1964)
Fur 5 2 10 16 26 0.63 10 66 Jakobi (1990); Beaton (1968)
Acehnese 17 1 17 20 37 0.85 8 69 Durie (1985)
Gurung 10 4 40 23 63 1.74 8 95 Glover (1974); Mazaudon (1978)
Kota 5 1 5 23 28 0.22 9 64 Emmeneau (1944)
Temiar 15 1 15 19 34 0.79 7 62 Benjamin (1976)
Thai 9 6 54 21 75 2.57 4 91 Noss (1964); Sutaderat (1978)
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Table B (continued) 

Language VO TO NO CO S R M C Sources
Abelam 3 1 3 17 20 0.18 10 60 Lay cock (1965)
Alamblak 7 1 7 18 25 0 39 6 49 Bruce (1984)
Amele 5 1 5 15 20 0 33 8 52 Roberts (1987)
Arapesh 8 1 8 17 25 0 47 7 53 Conrad (1991)
Asmat 6 2 12 11 23 1.09 4 39 Voorhoeve (1980)
Awtuw 7 1 7 11 18 0.64 6 42 Feldman (1986)
Hua 5 2 10 15 25 0.67 12 73 Haiman (1980)
Kobon 7 1 7 19 26 0.37 6 50 Davies (1981)
Kate 6 1 6 18 24 0.33 11 68 Flierl and Straus (1977)
Kewa 6 2 12 13 25 0.92 8 57 Franklin (1971)
Kiwai 5 1 5 12 17 0.42 5 37 Ray (1933)
Kombai 14 2 28 13 41 2.15 6 65 De Vries (1977)
Salt-Yui 5 2 10 15 25 0.67 4 41 Irwin (1974)
Sentani 7 1 7 10 17 0.70 10 57 Cowan (1965)
Suena 5 2 10 13 23 0.77 8 55 Wilson (1969)
Telefol 5 2 10 12 22 0.83 8 54 Healey (1964)
Vanimo 8 3 24 12 36 2.00 4 52 Ross (1980)
Yali 5 1 5 16 21 0.31 7 49 F ahner(1979)
Yessan-Mayo 5 1 5 14 19 0.36 5 39 Foreman (1974)
Yimas 4 1 4 14 18 0.29 8 50 Foley (1991)
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Table B (continued) 

Language VO TO NO CO S R M C Sources
Chamorro 6 1 6 19 25 0.32 8 57 Topping (1973)
Drehu 7 1 7 29 36 0.24 8 68 Moyse-Faurie (1983)
Ponapean 7 1 7 14 21 0.50 4 37 Rehg (1981)
West Futuna 5 1 5 13 18 0.38 8 50 Dougherty (1983)
Sulka 6 2 12 16 28 0.75 7 56 Müller (1916)
Rotokas 5 2 10 6 16 1.67 - - Firchow and Firchow (1969)
Nasioi 5 2 10 8 18 1.25 11 62 Maddieson (1984); Rausch (1912)
Tiwi 4 1 4 17 21 0.24 6 45 Osborne (1974)
Malak-Malak 6 1 6 14 20 0.43 9 56 Birk (1976)
Gunwinggu 5 1 5 18 23 0.28 7 51 Oates (1964)
Kuniyanti 3 1 3 19 22 0.16 13 74 McGregor (1990)
Mangarayi 5 1 5 17 22 0.29 15 82 Merlan (1982)
Maung 5 1 5 17 22 0.29 11 66 Capell and Hinch (1964)
Nunggubuyu 3 1 3 19 22 0.16 11 66 Heath (1984)
Nyigina 3 1 3 17 20 0.18 12 68 Stokes (1982)
Ungarinjin 5 1 5 17 22 0.29 12 70 Rumsey (1982)
Wamdarang 3 1 3 19 22 0.16 7 50 Heath (1980)
Djingili 3 1 3 14 17 0.21 14 73 Chadwick (1975)
Garawa 3 1 3 19 22 0.16 9 58 Furby (1974)
Western Desert 3 1 3 16 19 0.19 10 59 Maddieson (1984); Hasen and Hasen (1969)
Yukulta 3 1 3 18 21 0.17 12 69 Keen (1983)
Uradhi 4 1 4 18 22 0.22 9 58 Crowley (1983)
Dyirbal 3 1 3 13 16 0.23 9 52 Dixon (1972)
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Table B (concluded) 

Language VO TO NO CO S R M C Sources
Chichimec 7 2 14 28 42 0 50 5 62 Lastra de Suarez (1984); Angulo (1933)
Mixtec 12 3 36 22 58 1.64 2 66 Suarez (1983)
Chontal 5 1 5 38 43 0.13 4 59 Suarez (1983); Turner (1967)
Huave 10 2 20 14 34 1.43 4 50 Suarez (1975)
Mixe 6 1 6 12 18 0.50 6 42 Van Haitsma and Van Haitsma (1976)
Pipil 5 1 5 14 19 0.36 7 47 Campbell (1985); Suarez (1983)
Tarascan 6 1 6 19 25 0.32 13 77 Foster (1969)
Tepehua 3 1 3 21 24 0.14 7 52 Watters (1981)
Tzutujil 5 1 5 22 27 0.23 6 51 Dayley (1985)
Axininca Campa 3 1 3 20 23 0.15 6 47 Payne (1981); Pike and Kinberg (1956)
Canela-Kraho 17 1 17 12 29 1.42 7 57 Popjes and Popjes (1986)
Cayuvava 16 1 16 17 33 0.94 8 65 Key (1961, 1967)
Hixkaryana 5 1 5 18 23 0.28 8 55 Derbyshire (1979)
Jaqaru 3 1 3 36 39 0.08 10 79 Hardman (1966)
Huallaga Quechua 5 1 5 16 21 0.31 12 69 Weber (1989)
Jivaro 8 2 16 15 31 1.07 12 79 Maddieson (1984); Beasley and Pike (1957)
Guarani 12 1 12 20 32 0.60 7 60 Maddieson (1984); Bridgeman (1961)
Nambiquara 18 3 54 22 76 2.45 - - Maddieson (1984); Price (1976)
Piraha 3 2 6 7 13 0.86 4 29 Everrett (1986)
Cashinahua 8 2 16 15 31 1.07 9 67 Kensinger (1963)
Yagua 12 2 24 11 35 2.18 10 75 Payne and Payne (1990)
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