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Transdisciplinarising the 

concept of homology:  
From biology to linguistics  

and other domains
K. P. Mohanan and Tara Mohanan

Homo-X and Allo-X
Many concepts repeatedly used in linguistics are discipline-specific 
manifestations of transdisciplinary concepts, that is, concepts that exist at 
a meta level, crossing disciplinary boundaries. These include concepts such 
as change, structure, function, system, unit, category, representation, multi-
dimensionality, regularities in representations, prediction, explanation, 
theory, model, framework and analysis, to name a few.

The transdisciplinarity of some of these concepts is obscured by 
terminology. For instance, the linguistics-internal terminology of rules, 
constraints, principles and conventions corresponds to that of laws in the 
physical sciences. The concept of species in biology and in chemistry 
involves the same challenges of investigation as the concept of languages in 
linguistics, such that it makes sense to refer to languages as linguistic species. 
The concepts of allophone, allomorph and alternation correspond to those 
of homology and diversity in biology, and symmetry and transformation in 
mathematics. Our goal in this chapter is to explore the nature of symmetry 
and transformation in the structure of human languages, using the terms 
homology, homo-X and allo-X to shine a light on the core abstractions.
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Skeletons of a human arm, a cow’s leg and a bird’s wing all exhibit a 
three-part organisation. They are, therefore, said to be homologous organs 
or homologues. All animals exhibit homologies, for instance, the alimentary 
canal, which makes them distinct from non-animals. Animals, plants and 
a  subset of other life forms share the property of multicellularity. The 
property of having a cell nucleus is shared across what are called eukaryotes. 
And all life forms share the property of having cells and proteins.

In morphology in biology, the study of form (‘morph’: shape), a concept 
closely related to homology is that of allomorphy, the phenomenon of 
different manifestations of the same abstract entity. To illustrate, talking 
in the context of investigating ‘native celluloses’, biologists identify four 
kinds of celluloses, and say: ‘In all of these allomorphic states the molecular 
structure remains the same; what is modified is the network of hydrogen 
bonds …’ (Ciolacu and Popa 2010).

As indicated here, allomorphy refers to different varieties with shared 
underlying properties. As is perhaps obvious, the forms homo- in homology 
and allo- in allomorphy are two sides of the same coin: given the same 
phenomenon, whether that of the limbs of mammals (biology), the passive 
construction in languages (linguistics), or the different crystalline forms 
of a substance (chemistry and mineralogy), the term homology highlights 
the invariance at a higher level of abstraction, and the term allomorphy 
highlights variability at the lower level.

Homology, as invariance, and allo-X, as variation, are closely related concepts 
at the heart of theories that seek to predict and explain phenomena. 
Unfortunately, the domain-specific terminological differences obscure both 
their deep relatedness and their underlying transdisciplinary nature. In this 
chapter, we will explore these concepts and try to connect the discipline-
specific to the transdisciplinary.

In what follows, we explore the homologies in biology and linguistics, 
and as part of that exploration, also point to homology as a foundational 
transdisciplinary concept in all academic disciplines, ranging from 
mathematics to the physical-biological-human sciences and the humanities.

This paper does not present an argument, either for an empirical analysis 
of data in a given theory or for a theory of grammars. Nor is it a scholarly 
paper with extensive references to the literature, either in linguistics or in 
other disciplines. What it seeks to do is shed light on the meta-theoretical 
equivalences that grammatical descriptions and theories in linguistics share 
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with other disciplines, in a way that facilitates conversations and debates 
across linguistic theories. Our hope is that the broader perspective resulting 
from such a meta-theoretical understanding would lead to a deeper and 
integrated understanding of linguistics itself, and also open doors for 
making connections and integrating with the physical, biological, human, 
mental, societal and mathematical worlds.

Mathematics: Homology as symmetry
One way of understanding symmetry is to begin with the concept of 
transformation (change) in geometry. Transformation is best thought of as 
a well-defined change, and in that change, symmetry is that which remains 
unchanged. It also translates as invariance under variability. The concept of 
symmetry, then, is equivalent to the concept of homology.

Well-known transformations in geometry, familiar from school 
mathematics, are translation (sliding), rotation (turning) and reflection 
(flipping), illustrated in Figure 7.1. (We use triangular shapes to illustrate: 
a gray triangle to indicate the input to the transformation, and a black one 
for the output.)

Figure 7.1: Transformations.
Source: Authors.

When an object gets displaced from location A to location B, we have an 
example of translation (Figure 7.1a). In this transformation, what changes 
is the location of the object in a given space. Its size, shape and orientation 
remain unchanged. The gray triangle and the black triangle are transforms 
of each other; they are variants, or allomorphs, of the same abstraction.

An example of rotation is given in Figure 7.1b. We get rotation when an object 
turns around a point within itself. So what changes in this transformation is 
the orientation. The size and shape of the object remain unchanged. If the 
point around which the object rotates is its centre, the location also remains 
unchanged.
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Reflection involves flipping an object on an axis. This can result in either 
‘left-right’ inversion (Figure 7.1c), called ‘bilateral symmetry’ in biology, 
or ‘top-bottom’ inversion (Figure 7.1d). As far as geometry is concerned, 
there is no difference between the two figures; they are both instances of 
symmetry. We are including both figures only because biology textbooks 
may not recognise Figure 7.1d as an instance of symmetry.

Translation, rotation and reflection are rigid-body transformations: when 
these changes occur, the shape and size of the object remain unchanged. 
Another transformation, namely scaling, involves a change in size, resulting 
in enlargement or reduction of size. The shape is left unchanged.

And then there are the so-called topological transformations, which change 
both size and shape, without making holes or breaking. Given what these 
transformations allow, a coffee cup with a handle and a doughnut are 
variants (allomorphs) of the same abstract entity.

It may be worth noting here that in discussing these transformations, we have 
used the language of change. However, this is not necessary. If we take away 
the procedural element of time and process from the concept of variation, 
then transformation is simply a relation. In this conceptualisation, the gray 
and black triangles in Figure 7.1 are two distinct but related entities. Neither 
of them is an input to the other. Translation, rotation and reflection would 
then simply be relations, without involving change.

Regardless of which conceptualisation we adopt, the point to note is that 
symmetry is invariance in variability. And in biology, this translates as 
homology in biodiversity.

The biological sciences: Homology

Three concepts of homology

In biology, one use of the term homology is to denote equivalences (shared 
characteristics) of structure and function. The wings of crows and of eagles 
are homologous in this sense, because both the structure and the function 
have equivalences. The wings of birds and of bats are parallel in function, 
that of flight. As for their anatomy, the equivalence is restricted to the 
skeleton of their wings, in that they have the same three-part structure, and 
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the function of supporting the wings. However, the wings of birds have 
feathers, but those of bats have skin. Thus, the material outside the skeleton 
being different makes them non-homologous in that respect.

Another concept associated with the term homology is that of equivalences 
in either structure or function. In this sense, the wings of birds, bats and 
butterflies serve the same function, that of flight, and hence are homologous, 
despite wide differences in anatomical structure. They are homologous 
functionally, but not structurally. Conversely, the skeletons of bat wings 
and human arms are homologous structurally, but not functionally.

If we now expand our scope and look at wings in relation to the cilia of 
bacteria; the entire body of snakes and worms; the fins of fish and flippers 
of dolphins; and the legs of spiders, ants, elephants and humans; we see that 
these are all organs of locomotion, making them functionally homologous. 
Hence, if we restrict the term homology to anatomical homology, these 
functional homologies will be obscured, and the search for a unified 
explanation for structure and function would be jeopardised.

A third concept of homology is that of equivalences resulting from what 
Charles Darwin called ‘descent with modification’ in biological evolution 
(shared ancestry). Adopting this concept of homology, Mayr (1997) takes 
homology to be the structure-function equivalences assumed to be derived 
by branching speciation from a single ancestor, and uses the term homoplasy 
to refer to structure-function parallels derived from the convergent evolution 
of genealogically unrelated structures.

If we accept Mayr’s definition, homology presupposes the truth of shared 
ancestry. It cannot, therefore, serve as evidence for shared ancestry. 
Hence, it cannot serve as evidence for evolutionary theory. This would be 
unfortunate because one of the phenomena that evolutionary biology needs 
to explain is the existence of shared characteristics under the diversity of life 
(biodiversity).

Regardless of these terminological and conceptual differences, there seems to 
be a general agreement that homology is a matter of parallels across species. 
How about parallels across varieties within a species (e.g. different varieties 
of dogs); between structures or organs within an organism (e.g. the three-
part structure of arms, legs and fingers); the cells within a multi-cellular 
organism, (e.g. neurons, muscle cells, bone cells and blood cells); and so on?
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The central idea in this chapter is that when building a theory, it would 
be useful to extend the concept of homology to include equivalences of 
structure, function, system and behaviour. Given this extension, compound 
eyes and non-compound eyes would be homologous (in function). So would 
be the cognitive systems of bacteria, plants and humans, as would be their 
metabolic systems. This extension would allow us to see all life forms as 
exhibiting the homology of cell membranes and proteins. The recognition 
of such invariance under variability and of the limits of variation across 
domains motivates the extension of homology as a crucial concept in theory 
construction across disciplinary boundaries.

Towards an explanatory concept of homology

The best way to develop a deeper understanding of homology is to adopt 
the general concept outlined previously, as shared characteristics underlying 
diversity. If we accept this view, we can talk about homology and allomorphy 
along the following dimensions (single, or combinations of two or more of 
them) and levels (Table 7.1):

Table 7.1: Dimensions and levels.

Dimensions Levels

A.	 Structure (anatomy)
B.	 Function (physiology)
C.	 System
D.	 Behaviour
E.	 Habitat

1.	 Molecule
2.	 Cell
3.	 Organ
4.	 Organism
5.	 Species

The homologies and allomorphies at these levels and dimensions can then 
be explained in terms of theories of developmental biology and evolutionary 
biology.

Why are these dimensions and levels important in discussions of homology 
and allomorphy? As a beginning, consider the homologies of wings. As long 
as we use the term wings in biology to refer to the organs of flight in parrots, 
bats, butterflies and cockroaches, we must acknowledge the homology of 
wings in these categories of organisms; they have shared characteristics. 
But we have to also acknowledge their allomorphy. This includes differences 
in patterns of flight, including between those of butterflies and dragonflies; 
differences in anatomical structure (with and without skeletal support), the 
materials for wings (skin in bats, feathers in parrots, chitin in cockroaches) 
and the presence or absence of the skeleton.
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In other words, the organ called ‘wing’ exhibits homology and allomorphy 
in anatomical structure, function and behaviour. What, then, are the 
homologies and allomorphies of wings in terms of DNA, proteins, cells 
and tissues? This is a question that a theory of biological evolution needs 
to address.

The physical sciences: Homology as 
equivalences
In a chemical change, there are changes in the way atoms combine to form 
molecules, but the atoms and their number before and after the change 
remain the same. As an example, consider this equation: CH4 + 2O2  
CO2 + 2H2O.

In the equation, we have exactly the same number and types of atoms to 
the left and the right of the arrow. The types and number are Carbon (one 
atom), Hydrogen (four atoms) and Oxygen (four atoms). We can refer to 
this homology as the law of conservation of atoms in chemical change; this 
is the law we appeal to in the so-called balancing of chemical equations.

In a physical change, such as the change from ice to water or water to steam, 
what is conserved is the type and number of molecules: H2O.

And there is symmetry also in equations in physics and mathematics. 
What is conserved here is the quantitative values of the variables to the left 
of the equals symbol and of those to its right. For instance, take the equation 
f = m.a.

What this equation says is: When a force acts on a body, the quantitative value 
of the force is the same as the product of the quantitative values of the mass and 
the acceleration.

The preservation of the value of the variables on both sides of an equation 
points to homology/symmetry.
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Linguistics: Homology and alternation

In morphology

The concept of allomorphy originated in chemistry and mineralogy, where 
it expressed the diversity in the crystalline forms of the same substance, and 
was borrowed into linguistics to refer to the different phonological forms of 
the same morpheme. ‘It was first applied to language (in writing) in 1948, 
by Fatih Şat and Sibel Merve in Language XXIV’ (Oxford English Dictionary 
Online: Entry 50006103). The concept is now widespread in linguistics, 
but restricted to word-internal structure.

Let us begin with the concept of morpheme. When we juxtapose the words 
happy, unhappy, happily, unhappily, happiness and unhappiness, we would 
intuitively agree that:

Unhappiness is composed of the ‘units’ un-, happy and -ness.
Happiness is composed of the units happy and -ness.
Happy, un-, -ness and -ly are atomic word parts.

Likewise, the word waited is composed of the atomic units wait and -ed, the 
word marshes is composed of the units marsh and -es, and so on. The atomic 
units are called morphemes/morphs in linguistics.

Strictly speaking, a morpheme is a unit of morpho-syntax and morpho-
semantics, while morph is a morpho-phonological unit. (It is not clear 
whether ‘allomorphs’ are variants of morphs or of morphemes.) Having said 
this, we must note that the idea of words being composed of morphemes 
and morphs is that of mainstream morphology as presented in introductory 
undergraduate textbooks in linguistics. This view has been challenged by 
various researchers who take the position that the concept of morphemes 
(and/or morphs) has no rational justification in morphological theory, but 
limitations of space prevent us from getting into the details of this issue.

Now, we would also agree that in the sentence The children praised the 
teacher, the -ed in praised marks the past tense (past). But in The teacher was 
praised by the children, the -ed indicates the passive construction (pass), and 
so does the -en in That poem was written by Jomo. Likewise, put in They put 
the coins in the piggy bank, expresses the past tense form of the verb, while in 
The coins were put in the piggy bank, it expresses the passive form in the verb. 
To express such many-to-many associations between the syntactic-semantic 
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features on the one hand, and their manifestation in the form of sounds 
on the other, we may use the term morpheme to refer to syntactic-semantic 
units, and morph to refer to units of sound sequences that play a role in the 
morphological structure.

This means that morpheme and morph are units that belong to different 
levels of language structure. The representations in Table 7.2 illustrate the 
many-to-many associations in these forms.

Table 7.2: Morph-morpheme associations and their allomorphs.

pre(sent) (3, sg) past pass(ive)

Morpheme: pull + pres pull + past pull + pass

| | | | | |

Morph: pul z pul d pul d

Word pulls pulled pulled

Morpheme: write + pres write + past write + pass

| | | | |

Morph: rait s rout rit n

Word writes wrote written

Morpheme: put + pres put + past put + pass

| | | |

Morph: put s put put

Word puts put put

Morpheme: keep + pres keep + past keep + pass

| | | | | |

Morph: kiip s kep t kep t

Word keeps kept kept

Morpheme: go + pres go + past  

| | | —

Morph: go s went

Word goes went

Allomorphs — d:
t:

pulled, 
praised

kept, dreamt

d:
t:

was pulled
was kept

In Table 7.2, the last row in each box gives examples of allomorphs associated 
with the morphemes. Another instance of allomorphy is what the plural 
morpheme exhibits, in the relation between bell and bells (plural: [z]), ox 
and oxen (plural: [∂n]), and so on.
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The plural morpheme for sheep has no manifestation as a morph, just like 
the past tense and passive morphemes for cut. In some frameworks, these are 
called ‘zero morphs’. This is not unlike a snake having ‘zero legs’.

In the morph-morpheme correspondence, allomorphs are taken as 
manifestations of the same morpheme. Thus, the morph -ed in the word 
admired in Zeno is admired by many, and the morph -en in the word written 
in That book was written by Homer are said to be allomorphs, because they 
are both manifestations (markers) of the passive morpheme.

What we have sketched as the relation between an abstraction and its 
concrete  manifestation is a familiar idea in linguistics. Hockett (1954) 
discusses three equivalent ways of describing this relation in terms of the 
Item Process (IP) Model, Item Arrangement (IA) Model, and Word and 
Paradigm (WP) Model. Gleason (1965) uses the term ‘agnation’ to refer 
to what we have called alternation – the relation between allomorphs in 
morphology, and also between allophones in phonology, and between 
related constructions (such as the active and the passive, declarative and 
interrogative, cleft and non-cleft, and so on) in syntax – as distinct from 
what he calls ‘enation’, which is a relation of categories and subcategories.

Keizer (2023) describes enation as ‘same structure, different lexemes’, and 
agnation as ‘different structure, same lexemes’. The paper claims that agnation 
relations have not been paid sufficient attention in mainstream linguistics. 
On the contrary, what we have pointed out is that the agnation relations 
are covered under the ‘allo’ relations of allophone and allomorph, and under 
‘transformational’ relations in syntax, whether treated as ‘item process’ or 
as ‘item arrangement’. When combined with the concept of homology, 
the  allo‑relations extend beyond linguistics to the other human sciences, 
as well as to the biological and physical sciences, as well as to mathematics.

In phonology

Linguists also use the term allo- to refer to different realisations of ‘phonemes’ 
as phones. Take the related words rapid and rapidity, pronounced as [‘ræpid] 
and [r∂’phiditi]. The morpheme {rapid} appears in both words. When it 
is by itself, it has stress on the first syllable: ‘ra-pid. When it is part of the 
word rapidity, it has stress on the second syllable: ra-’pid. So we say that 
these two forms are allomorphs of the same morpheme.
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Now, the unaspirated [p] in rapid [‘ræ-pid] corresponds to the aspirated [ph] 
in rapidity [r∂-’phi-di-ti], showing an alternation between [p] and [ph]. This 
relatedness is expressed by treating [p] and [ph] as allophones of the same 
phoneme.

Even though within linguistics, different manifestations of a morpheme 
are called allomorphs, and different manifestations of a phoneme are called 
allophones, at a transdisciplinary level, they are both instances of the allo- 
relation. It is the same as saying that steam, water and ice are substances 
with an allo- relation: they are homologous because, beneath the obvious 
difference in terms of the attributes of gas, liquid and solid, they are all 
manifestations of H2O molecules. Likewise, diamond and graphite are 
substances with an allo- relation: they are homologues of carbon.

In a transdisciplinary sense, then, the term allo- denotes different lower-
level units that are analysed as manifestations of the same higher-level unit.

In syntax

Consider the following sentences:

(1)	Zeno gave Athena that rose.
(2)	Zeno gave that rose to Athena.
(3)	Athena was given that rose by Zeno.
(4)	That rose was given to Athena by Zeno.

In sentences (1)–(4), we have the verb give, which has three participants. 
In (1) and (2), the subject of give is Zeno; but in (3), it is Athena; and in (4), 
it is that rose. The primary object of give is Athena in (1), but that rose in (2). 
And Zeno is an adjunct in (3) and (4).

Though these sentences exhibit variability at the levels of grammatical 
functions (subject, object, etc.), the argument meanings (theta roles) in all 
these sentences remain the same: Zeno is the giver, Athena is the beneficiary 
of giving, and the rose is what is given. So we express these relations as in 
Table 7.3:
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Table 7.3: Argument meanings and syntactic functions.

GIVER
(Zeno)

BENEFICIARY
(Athena)

GIVEN
(the rose)

SEMANTIC ROLES

1 SUBJECT OBJECT OBJECT 2 GRAMMATICAL FUNCTIONS

2 SUBJECT OBJECT of to OBJECT

3 ADJUNCT SUBJECT OBJECT

4 ADJUNCT OBJECT of to SUBJECT

At the level of verb meaning in terms of the participants of the action, the 
four sentences are the same: they are homologous. The variability appears 
in the grammatical functions assigned to these participants. Thus, they 
exhibit homology at the level of argument meaning, and allomorphy at 
the level of grammatical functions. The specifics of the terminology used 
in the  representation of homology and allomorphy in Table 7.3 are not 
important for our purposes.

In many frameworks of syntax, such allomorphic relations are treated in 
terms of the concept of change, called ‘transformation’. In Chomskyan 
terminology, for example, these sentences are treated as examples of NP-
movement; and in alternative terminologies, they are treated in terms 
of function-changing mappings. In the language of relations, they can be 
conceptualised as different lower-level manifestations (allomorphy) of a 
single higher-level unit (homology). The relations in Table 7.3 have to do 
with the differences in the association between the participants of the action 
that the verb denotes on the one hand, and their grammatical functions on 
the other.

The examples in (5)–(7), which illustrate the cleft construction, exhibit 
a different set of homology-allomorphy relations. While the grammatical 
functions and argument meanings remain the same within each set, the 
discourse function of focus shifts:

(5) a. Zeno gave Athena that rose. (= (1))
b. It was Zeno who gave Athena that rose.

c. It was to Athena that Zeno gave that rose.
d. It was that rose that Zeno gave Athena.
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(6) a. Zeno gave that rose to Athena. (= (2))
b. It was Zeno who gave that rose to Athena.

c. It was Athena that Zeno gave that rose to.

d. It was that rose that Zeno gave to Athena.

(7) a. Athena was given that rose by Zeno. (= (3))
b. It was Zeno that Athena was given that rose by.

c. It was Athena who was given that rose by Zeno.

d. It was that rose that Athena was given by Zeno.

The examples (b–d) in (5), (6) and (7) are the cleft counterparts of (1), 
(2) and (3) respectively. As in (1)–(4), the argument meanings in (5)–(7) 
are preserved even under differences in constructions: the giver is Zeno, 
the beneficiary is Athena, and the given thing is that rose (as in Table 7.3). 
Within each set, these examples exhibit homology at the levels of argument 
meanings and grammatical functions. Their allomorphy lies in word order, 
and the accompanying differences in focus, as in Table 7.4.

Table 7.4: Argument meanings and f(ocus).

(5b) (5c) (5d) (6b) (6c) (6d) (7b) (7c) (7d)

GIVER (Zeno) F – – F – – F – –

GIVEE (Athena) – F – – F – – F –

GIVEN (that rose) – – F – – F – – F

The relation among the variants in (5)–(7) is expressed in Chomskyan 
terminology by what is called wh-movement; and in alternative terminology, 
it is expressed by what are called function-preserving mappings, in contrast to 
the function-changing mappings in (1)–(4).

Linguists use the term alternation to denote units that exhibit an allo- 
relation. What we have illustrated in (1)–(4) is the active-passive alternation. 
And (5)–(7) illustrate the alternation between the cleft and non-cleft 
constructions. The terms alternation and transformation are instances of 
homology and allo- relations.

The conceptualisation implicit in the use of the words ‘alternation’ and 
‘transformation’ is that of change. It involves an input and an output, 
and  a  process that changes the input to the output. In this view, the 
‘rule’ that predicts the active-passive alternation is a function-changing 
transformation that changes the grammatical functions, leaving the core 
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verb meanings unchanged. An alternative conceptualisation of the relation 
between the active construction and the passive construction is that they are 
different manifestations or instantiations of the same semantics.

Regardless of the terminology and notation, what we have here is the 
combination of the relations of homology (sameness) and allomorphy 
(difference). Within this view, two declarative sentences, one that 
communicates a statement and another that communicates a question, are 
allomorphs of the same syntactic structure, the only difference between them 
being in their intonation. The sentences, Zeno is Athena’s father. and Zeno 
is Athena’s father?, are homologues with respect to their syntactic structure 
and segmental phonology, but they are allomorphs in terms of the patterns 
of intonation and meaning.

Likewise, the sentences in (8) , with pitch accent indicated in bold font, 
are homologues:

(8) a. Zeno gave Athena a rose in the garden.

b. Zeno gave Athena a rose in the garden.

c. Zeno gave Athena a rose in the garden

The sentences in (8a-c) share their syntactic structure and segmental 
phonology, but are different – allomorphs – in terms of the placing of 
the pitch accent. We may say that expressing the meanings of focus and 
presuppositions in terms of the cleft construction as in (5)–(7), and in 
terms of pitch as in (8), are homologues in terms of what is expressed, and 
allomorphs in terms of the means being used to express them.

The discussion of homology in linguistics in this section has been limited to 
homology in language structure. As is well known, it is found recurrently in 
historical linguistics as well, in both divergent evolution (e.g. cognate words) 
and lateral transfer (loan words). (See Haugen 1950, 220, who applied the 
notion of homology in the context of loan words.)
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Homologies, categories, units 
and definitions
We have looked in some detail at homology, variously called invariance, 
symmetry, and underlying representation in various domains; as well as 
allomorphy, called variability, alternation and transformation. Let us now 
turn to their role in the postulation of units and their categories. For this, 
we will use linguistics and biology as the domains for exemplification.

Homologies and categories

The conceptual basis for categorisation lies in homology. The postulation of 
categories in academic knowledge follows an epistemic principle, which can 
be stated in set-theoretic terms as:

Epistemic norm for categories
In order to rationally justify the postulation of a category C in a 
population P, the members of C must share a set of homologies not 
shared by the complement of C in P.

The description of a category is an inventory of all the homologies of that 
category. Thus, the description of the category ‘insect’ may include:

i.	 a list of the characteristics that members of the category of insects 
share;

ii.	 the subcategories of insects (e.g. butterflies, ants, bees and so on); 
and

iii.	 the characteristics of the subcategories.

A definition of a category must identify and state the set of homologies of 
the category that are unique to it, and are not found in its complement. 
Thus, the definition of even numbers as ‘integers divisible by two, yielding 
an integer’ is true of all even numbers, and of no non-even number.

Another condition on a definition is that it carries no redundancy. Taking 
an example from mathematics, a polygon with three sides must have exactly 
three vertices; and a polygon with three vertices must have exactly three 
sides. The definition of a triangle as ‘a polygon with three sides and three 
vertices’ carries at least one redundant specification.
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Taking an example from biology, the definition of insects as ‘life forms with 
six legs’ is legitimate; and so is the definition, ‘life forms with compound 
eyes’. Now, given that if a life form has six legs, it has compound eyes, and 
if a life form has compound eyes, it has six legs, one of the characteristics 
is predictable from the other. For example, we can derive the characteristic 
of having compound eyes from the following statements:

Definition: An insect is a life form with six legs.
Law: Any category that has six legs has compound eyes.
Theorem: Therefore, insects have compound eyes.

Similar remarks hold on deriving the characteristic of six legs from that 
of compound eyes. Given this situation, the definition of insects as ‘life 
forms with six legs and compound eyes’ carries a predictable and hence 
unnecessary specification.

The demand that definitions be (i) unique to the category, and (ii) non-
redundant, is specific to the epistemology of academic knowledge, not 
to that of experiential knowledge or commonsense knowledge. Take, for 
example, the category of parrots. When we look at birds on the branch of 
a tree, we are able to say: ‘That one over there is a parrot, this one is not’. 
Look at the pictures in Figure 7.2: which of them are parrots and which of 
them are not parrots?

Figure 7.2: Which of these birds are parrots?
Source: Photographs courtesy of Tara Mohanan.
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If we are able to pick out what we judge to be parrots, and say, ‘Those 
other birds are not parrots’, we have zeroed in on what we perceive as the 
symmetry in the variable population of parrots. Some of the birds that we 
have identified as parrots may be green, others may be red, yet others may 
be blue; some may have short beaks, others, long beaks; but none of these 
differences count. There must be a combination of attributes that we have 
identified as what all parrots have, and only parrots have. This would allow 
us to articulate the symmetry in the category of ‘parrot’ (what is invariant 
across parrots). If we can state that in a sentence without redundancy, 
it  would be a definition of parrots in terms of those properties that we 
can perceive.

If there is no definition, the concept under consideration is not taken as an 
academic concept, unless it is part of a very small set of primitives, that is, 
undefined concepts. By this criterion, words like parrot, bamboo, oak, and 
so on are part of everyday language; they do not denote concepts as part 
of the terminology in biology as an academic pursuit.

Even if all of these conditions are satisfied, a category may not be a natural 
category, that is, one that exists as a category in the natural world – physical, 
biological, or human. We take ‘organisms that have vertebrae’ or ‘multicelled 
organisms’ to be natural categories, but not ‘organisms with black hair’ or 
‘organisms that fly’. ‘Organisms that fly’, for instance, would include birds, 
insects and mammals, but not all birds, all insects and all mammals. We view 
them as arbitrary categories because they do not function as the hub for a set 
of significant observational or theoretical generalisations.

Requirement on natural categories
To qualify as a natural category, a category should be the hub of a 
significant number of generalisations.

Within the population of biological organisms, the category [+vertebrate] 
is  a natural category: some of the properties shared by all and only 
vertebrates are that they have a spinal cord, a central nervous system and a 
brain, as well as a heart and a circulatory system. But [–vertebrate] is not 
a natural category, because it includes life forms as diverse as bacteria, yeast, 
plants, worms and insects. The organisms in this set have no homologies 
that are unique to them other than not having vertebrae, and there are 
no generalisations that hold exclusively on [-vertebrates]. Thus, given a 
population, the complement of a category is not a category unless it satisfies 
the requirements of definitions.



PROJECTING VOICES

208

Parallel concerns appear in linguistic categorisation as well. For instance, in 
the population of phonological segments, there exist many generalisations 
whose formulation crucially depend on the categories of both [+voice] and 
[–voice]. But in that population, [–labial], the complement of [+labial], 
is not a natural category, because other than the negation of [+labial], this 
set has no unique homologies, and no generalisations that hold on them. 
Similar remarks apply to categories like V’, Spec’ and I’ in Minimalist syntax.

Accepting these norms for the postulation of (natural) categories has significant 
consequences for theory construction in linguistics and in biology, and 
perhaps across disciplines. In what has been called the Woeseian revolution, 
for instance, it is proposed that eukarya, bacteria and archaea constitute three 
distinct categories of life (Sapp 2009). The norms we have proposed require 
theoretical biology to look for unique homologies that characterise each of 
them, set up additional axioms, and deduce the theorems derived from the 
combination of the definitions and the axioms. This condition is not yet met 
by the category ‘archaea’. (For reasons of space, we will not present here our 
reasons for this critique of the category ‘archaea’.)

It is important to note here that in our account of categories in terms 
of homology, the homologies are identified in terms of their intrinsic 
characteristics, making this concept of category distinct from the concept 
of category in category theory in mathematics. For instance, a category in 
mathematics is identified in terms of the relations between its members (called 
morphisms), not in terms of their intrinsic characteristics (For a discussion of 
the intrinsic vs the relational in category theory, watch Cheng 2017.)

To illustrate, consider a genealogical tree in which every member is related 
to every other member in terms of the relation ‘X is a parent of Y’ – such 
that mother is defined as ‘female parent’ and grandmother as ‘parent’s female 
parent’ and so on. This yields a graph-theoretic object. That object is a 
category in mathematics. For an algebraic account of category theory, 
see Marquis (2023).

Given the concepts of category in linguistics and biology, intrinsic 
characteristics like [+animate] and [–animate], [+female] and [–female], 
[+human] and [–human], [+adult] and [–adult] constitute atomic 
categories. Complex categories like woman and boy are defined in terms of 
atomic categories as [+animate, +human, +adult, +female] and [+animate, 
+human, –adult, –female] respectively. Similarly, the complex categories 
stone and bull are defined in terms of atomic categories: [+ concrete, -animate] 
and [+ concrete, +animate, –human, +adult, –female] respectively.
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Notice in passing that an alternative to defining grandmother as ‘parent’s 
mother’ (as a complex function), we may begin with the concept of ‘ancestor’ 
and define mother as ‘immediate female ancestor’. This is the approach taken 
in linguistics, where ‘x immediately precedes y’ is a special case of ‘x precedes 
y’ and ‘x immediately dominates y’ is a special case of ‘x dominates y’.

Before we end the discussion of categories, two caveats are in order. First, 
this discussion is restricted to categories in academic knowledge, not those 
of experiential, commonsense, or traditional systems of knowledge. Hence, 
we are not making references to the literature on categories, say, in cognitive 
science, or in philosophy, beginning with Aristotle. Second, we are not 
suggesting that all categories in academic knowledge can be defined with 
clear boundaries in terms of intrinsic properties. Many categories call for 
modelling in terms of prototypes, fuzzy boundaries and functions.

Homologies and units

In the preceding section, we saw epistemic requirements that hold on the 
postulation of categories in the process of theory construction. Let us extend 
those requirements to the postulation of units:

Epistemic norm for units
In order to rationally justify the postulation of a unit U at a given 
level, members of U must share a set of homologies not shared by 
units at other levels.

As one of the reviewers of this paper points out, they are ‘nested corresponding 
to the implicational sequence of their definitional characteristics’.

Requirement on natural units
To qualify as a natural unit, a unit should be the hub of a significant 
number of generalisations.

These requirements apply to units like fundamental particle, atom, molecule, 
cell, tissue, organ, organism and community in the physical and biological 
sciences. In biology, the terms domain, kingdom, phylum, class, order, family, 
genus, species and variety are taken to be units of rank in the tree of life. 
For the concepts expressed by these terms to qualify as academic concepts, 
we must either treat them as primitives or offer a definition for each of them.

The definition does not have to be an atomic one, expressed as a single 
proposition of the form ‘X if and only if Y’. It can be a complex definition 
involving multiple propositions. For instance, a definition of the concept 
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‘syllable’ in phonological theory may involve a number of statements about 
its composition (the components being onset, rime, nucleus and coda, as a 
template), or the sequencing of the segments in it, constrained by sonority 
hierarchy. Such a definition would be the same as a theory of syllables.

A homological problem in linguistics and biology

Having looked at homologies and allomorphies in linguistics, biology and 
other domains, we now proceed to homology at a more abstract level – 
a homology between linguistics and biology: the parallel concepts of ‘species’ 
in biology and of ‘language’ in linguistics, both of which are units. To treat 
them as academic concepts, we must have coherent answers to the following 
questions:

•	 What is a species, such that we can justify statements of the form, ‘X and 
Y are varieties of the same species, while X and Z are varieties of two 
distinct species’?

•	 What is a language, such that we can justify statements of the form, 
‘X and Y are varieties of the same language, while X and Z are varieties 
of two distinct languages’?

Neither biology nor linguistics has an answer to this fundamental question.

There is the famous statement, ‘A language is a dialect with an army and 
a navy’, attributed to Max Weinreich. The statement implies that the concept 
of a language is a matter of politics, not linguistics. Now, political decisions 
do matter in treating, say, Hindi and Urdu as two distinct languages (of India 
vs Pakistan), Malay and Indonesian as two distinct languages (of Malaysia 
vs Indonesia), Old English and 21st century English as varieties of the same 
language, Hokkien and Mandarin also as varieties of the same language 
and so on. But the question for linguists to address is: There are books with 
titles of the form, ‘A grammar of X’, where X is taken to be a ‘language’, like 
Malayalam, Warlpiri, Nepali, or Pirahã. Are such book titles academically 
justifiable?

We must ask parallel questions on claims in publications in biology about 
the discovery of ‘new species’.

These questions call for a theory of language and a theory of species. Our 
hunch is that these concepts require a theory of society that goes beyond that 
of the human species. The hallmark of a speech community, for instance, 
is linguistic interaction and a sense of ‘us-and-them’. Thus, a speaker of the 
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Thrissur variety of Malayalam has a sense of identity and of kinship with 
other speakers of that variety. But that particular affinity does not extend to 
speakers of other varieties of Malayalam, such as the Thiruvananthapuram 
variety or the Kannur variety. Yet, at a broader level, there is an affinity 
with what they perceive as ‘Malayalam’, which plays a role in the formation 
of groups within larger communities.

The same sense of group identity happens with speakers of Hindi and Urdu 
outside South Asia, some of whom regard themselves as speaking Urdu, 
and others as speaking Hindi. As long as their nationalities are not revealed, 
they perceive each other as speaking the same ‘language’ as themselves. This 
sense of identity extends to Indian English and Pakistani English as well. 
In contrast, we do not find such a sense of identity among those who speak 
Hokkien and those who speak Mandarin, which are both officially classified 
as ‘dialects’ of the same ‘language’, nor do we find it among those who speak 
different varieties of Hindi, such as Braj Bhasha of the Western regions, 
Awadhi of the Eastern regions and Bhojpuri spoken in Bihar.

The sense of ‘us-and-them’ and exchange of information within social 
groups leads to adaptation to one another’s language characteristics – more 
so in smaller units than in larger ones. And that property is one of the 
factors underlying historical change in language. Such change, then, is a 
change in the grammar of communities (Chomsky’s e-grammar), not in 
individual grammars (Chomsky’s i-grammars).

The same sense of ‘us-and-them’ that we find in linguistic interaction 
appears as one of the traits of species in reproductive interaction.

Similar parallels exist in what are called the ‘ring species’ in biology. 
Reproductive interaction is seen as a crucial characteristic that distinguishes 
between two varieties of a single species on the one hand, and two distinct 
species on the other (Mayr 1942). Adapting the insight of the biological 
species concept, let us define species as:

Species: Two varieties of organisms belong to the same species if and only if they 
can interbreed to produce fertile offspring.

The term ‘ring species’ describes a situation in which varieties V1 and V2 
interbreed, and so do varieties V2 and V3; but varieties V1 and V3 do not 
interbreed. This situation constitutes a problem for the definition. Given 
that V1 and V2 interbreed, we must assume that they belong to the same 
species S1. Given that V1 and V3 do not interbreed, we must assume that 
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they belong to different species, S1 and S2. But given that V2 interbreeds 
with both V1 and V3, we must assume that V2 belongs to both S1 and S2. 
This implies that a given variety can belong to more than one species. 
This is a conclusion that runs counter to the assumptions embodied in the 
classificatory and evolutionary trees in current biology.

To highlight the parallel between linguistics and biology, we may use the 
term ‘ring languages’ to refer to what has been called a dialect continuum in 
dialect chains in the famous Dutch–German border problem, for instance.

Defining language along the same lines as species, we get:

Language: Two varieties of linguistic systems belong to the same language 
if and only if they are mutually intelligible.

The analogy can be extended to the phenomenon that, borrowing from 
biology, we might call ‘ring languages’, where varieties V1 and V2 are 
mutually intelligible, and so are varieties V2 and V3, but varieties V1 and V3 
are not. Given that V1 and V2 are mutually intelligible, we must assume that 
they belong to the same language L1. Given that V1 and V3 are not mutually 
intelligible, we must assume that they belong to different languages, L1 and 
L2. But given that V2 and V3 are mutually intelligible, we must assume that 
V2 belongs to both L1 and L2. This forces us to the conclusion that a given 
V can belong to more than one L, counter to the assumptions embodied in 
tree diagrams representing the genealogy of languages.

A textbook example of ring languages is the variety of German and the variety 
of Dutch spoken at the Dutch–German border. These varieties are mutually 
intelligible. However, the standard German and border German are not 
mutually intelligible. Nor are the standard Dutch and the border Dutch.

The concept of society in the previous discussion is that of any collective 
that forms a unit through interaction. In this sense, it is not restricted to 
what is called society in sociology textbooks. It goes beyond the concept 
of social groups in the human species to include chimpanzee colonies, 
ant colonies, elephant herds and locust swarms. It would also include the 
society of molecules called cells, the society of immune cells, as well as 
the social brain (Gazzaniga 1985), and the society of mind (Minsky 1986). 
In other words, society is a transdisciplinary concept that covers species as 
well as varieties of species, and languages as well as varieties of languages.
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Needless to say, we have not outlined a way of distinguishing between two 
varieties that belong to the same species/language and two varieties that 
belong to distinct species/languages. That calls for constructing theories of 
species and theories of language, a challenge we leave to graduate students 
in biology and linguistics.

Concluding remarks
What we have done in this chapter is to take a quick tour through the 
manifestation of homology and the allo- relation in biology, mathematics, 
the physical sciences and linguistics, signalling a number of equivalent terms 
in these domains:

A.	 sameness/unity/homology/symmetry/invariance/conservation, 
and

B.	 difference/diversity/transformation/variability/modification.

The relation between (A) and (B) is what we have called allomorphy: 
distinct lower-level (B) entities being manifestations of the same abstract 
higher-level (A) entity.

Our subjective perception, based on the mentoring of graduate students 
in a variety of domains, is that the transdisciplinary concepts of homology 
and  allomorphy as conceptualised here promise to shed light on what 
needs to be explained in the data and to provide a thinking tool for theory 
construction. Whether that promise can materialise remains to be seen.
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