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Abstract: We test the dependency relations between gender and number posited
by Greenberg’s Universal 36 by focusing on patterns of gender and number
agreement in the noun phrase from an evolutionary perspective. To do so, we use
data from Grambank, the largest existing database of morphosyntactic struc-
tures in the world’s languages. Based on data from 1,608 languages worldwide,
we use a Reverse Jump Markov Chain Monte Carlo method to investigate the
order of emergence of gender and number marking on adjectives, de-
monstratives and (for a smaller dataset) articles. Globally, our findings support
Greenberg’s idea that gender marking hinges on number marking. In addition,
they show that both adjectives and demonstratives play a special role in the
development of noun-phrase internal agreement, in that under different
evolutionary scenarios the occurrence of gender and number agreement on
adjectives or demonstratives may favor the spreading of agreement to other
target types. We compare these results with family-specific patterns of language
change and further discuss their relevance to the general understanding of
nominal morphosyntax.
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1 Introduction

By proposing the implicational relation between gender and number, Greenberg’s
Universal 36 (“If a language has the category of gender it always has the category
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number”, Greenberg 1963) has inspired a number of typological studies. This paper
takes a further step in this debate. It explores the interdependence between gender
and number in the languages of the world by examining evolutionary relationships
between these categories in terms of the order of emergence of gender and number
agreement.

Gender and number are two features of nominal morphosyntax which
contribute to reference construal and reference tracking, that is, to the linguistic
representation of real world entities. Gender is a nominal classification strategy
which, in the languages that possess it, functions as an inherent lexical property of
nouns (Corbett 1991). Gender distinctions distribute the nominal lexicon of a
language into two or several classes whose semantic motivation varies a great
deal in the languages of the world, while generally revolving around such notions
as animacy, sex, size and shape. Number is a feature of inherent nominal in-
flection. Number distinctions serve the purpose of representing nouns and noun
phrases as denoting one or several instances of an entity (Corbett 2000). Plurality
is the most frequently attested type of number value, and the one that is also most
likely to be obligatorily coded across the languages of the world (Corbett 2000;
Greenberg 1963). The existence of gender and number in the languages of the
world is often connected. For instance, if both present, gender and number are
generally encoded through cumulative morphemes (Di Garbo 2014: and refer-
ences therein).

Morphosyntactically, the key difference between gender and number is that the
presence of gender agreement is the prerequisite to establish that a grammatical
gender system exists in a given language, whereas the presence of number marking
can be restricted to nouns only, or to the noun phrase level (Corbett 2013). In general,
number tends to be marked on nouns more frequently than gender does. For
instance, in the languages of Africa, out of a sample of 84 languages with gender, 15 of
them do not have gender marking on nouns, while all display some form of number
marking on nouns or at the noun phrase level (Di Garbo 2014: 105). Finally, on a global
scale, number systems are more frequent than gender systems. For instance, taking
the World Atlas of Language Structures (WALS) database as a reference, out of a
sample of 257 languages coded for gender, 145 display no grammatical gender
systems. In contrast, of a sample of 1,066 languages coded for the marking of nominal
plurality, only 98 show no instance of nominal plural marking (Corbett 2013;
Haspelmath 2013).

As mentioned above, the categories of gender and number have been sug-
gested to be interdependent in the languages of the world. This generalization is
reflected in Greenberg’s (1963: 58) Universal 36: “If a language has the category of
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gender, it always has the category of number”. This universal establishes an
asymmetry about the existence of gender and number in the languages of the
world, such that the presence of grammatical gender (as a general morpho-
syntactic category) always hinges on the existence of some type of number system
(also as a general morphosyntactic category). In other words, languages pos-
sessing gender and lacking number are expected to be rare, whereas languages
with number only or both gender and number are more common. From a lan-
guage evolution perspective, this would suggest that before the gender category
can emerge, a language should have developed number first. Similarly, other
works propose the dependence of gender on the availability of number or other
morphosyntactic categories in a language. Specifically, the emergence of gender
has been described as “parasitic on other category types, notably number and
case” (Wiélchli et al. 2019: 267) and the presence of person-number agreement
(Nichols 1992: 142). In other words, if gender emerges in a language, this happens
after the number category (often in combination with person or case) has already
been grammaticalized. Furthermore, the development of the gender category has
been suggested to influence the morphosyntactic complexity of number marking.
For example, it has been observed that African languages with both number and
gender categories typically mark these categories on a variety of targets, whereas
in the absence of the gender category, number marking tends to be restricted to
nouns or to the phrasal level (Di Garbo 2014: based on a sample of 100 African
languages).

The validity of Greenberg’s Universal 36 has been recently tested by Verkerk
et al. (forthc.), along with many other typological universals. The study uses the
Grambank dataset (Skirgard et al. 2023) and the global EDGE tree (Bouckaert et al.
2022) as the reference classification for phylogenetic analysis. In line with Green-
berg’s Universal 36, they find strong evidence supporting the correlated evolution
between gender and number worldwide, which confirms that the two features are
interdependent. However, the study does not go into detail on whether gender tends
to emerge only after number is already present. Furthermore, the co-evolutionary
relationship holds for gender and number categories overall, that is, not taking into
account where exactly these categories are marked. In other words, a language
possesses gender or number if the respective marking is coded as present in general
or for at least one word class the information for which is available in Grambank
(nouns, numerals, articles, adjectives, demonstratives, etc.). Thus, while the results of
this study yield cross-linguistic support for the interdependence of number and
gender, it is unclear if gender indeed hinges on number as proposed by Greenberg.
Thus, two open questions remain.
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First, as mentioned above, the “gender hinges on number” hypothesis has
been examined only from the broad perspective of the overall existence of the two
categories rather than in terms of their actual morphosyntactic manifestations. Given
that the existence of grammatical gender is, by definition, tied to agreement, it would
be important to establish tendencies in the evolution of gender and number agreement
across different targets. With respect to the noun phrase domain, for instance, does
number agreement precede the development of gender agreement on adjective and
demonstratives, or is the opposite trend attested for these target types? Second, since
the study by Verkerk et al. (forthc.) has a global focus, it remains unclear whether and
to which extent individual language families might follow these global tendencies. Our
study aims to fill both of these gaps and identify the order of emergence of gender and
number globally, and in the context of specific language families.

Additionally, focusing on the evolution of gender and number agreement across
different types of targets within the noun phrase positions us to answer the question
about which type of target shows agreement first. The idea that agreement on
demonstratives precedes agreement on adjectives is stated in the form of an impli-
cational generalization by Moravcsik (1997: 317): “in more than one language, and
possibly in all, if the adnominal adjective agrees with the noun, so does the adno-
minal demonstrative”. However, to the best of our knowledge, this claim has never
been tested quantitatively on a large sample of languages.

In sum, while the implicational relationship between gender and number as
morphosyntactic categories has been studied both qualitatively and quantitatively,
the exact evolutionary dynamics that inform this relationship in the domain of
gender and number agreement have remained overlooked. Here, we focus on the
order in which gender and number agreement develops across different targets in
the nominal phrase. We test if their evolutionary dynamics on the global tree and
in individual language families mirror Greenberg’s “gender hinges on number”
scenario about the development of these categories; that is, the fact that gender
agreement tends to emerge in languages that already possess number agreement.
Furthermore, our approach allows us to shed light on whether adjectives develop
gender and/or number agreement before respective agreement emerges on
demonstratives.

2 Data and method

To extract typological information, we use Grambank (Skirgard et al. 2023), the global
database covering a variety of grammatical phenomena in 195 features, including
gender and number agreement on various targets. We obtain the features indicating
whether demonstratives, adjectives, and articles (definite and/or indefinite) agree
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with the nouns in number (GB184, GB185, and GB186) and gender/noun class (GB170,
GB171, and GB172). We restrict our analyses to Grambank features related to
agreement on those three targets because data on other targets was either
completely unavailable or limited to only one type of agreement. For example,
Grambank has a feature on gender agreement in numerals, but lacks one for number
agreement in numerals. Similarly, there are no features allowing tracking person
agreement. In this process, several methodological decisions are made. First,
throughout the paper, we use the term “adjectives” for convenience, even though not
all languages have a distinct word class of adjectives (Paul 2010). The relevant
Grambank features focus on whether agreement is available in “property words”
(equivalent to “adjectives” only in some linguistic settings) that encode properties of
nominal expressions. Second, by including all three targets in the nominal domain,
we attempt to get the full picture of the evolution of number and gender agreement
in the noun phrase. This could additionally shed light on how agreement develops in
articles and demonstratives or whether articles are more likely to agree in number
and/or gender if demonstratives do as well. However, definite articles are absent in
many languages (1,374/2,198 languages in Grambank), thus, including only languages
that have articles would restrict the scope to specific language families, which might
create a strong sample bias. Therefore, we conduct two analyses.

The first analysis considers only languages that have articles (n = 662) and offers
the overview of the evolution of number and gender across all three targets: de-
monstratives, adjectives, and articles. Here we exclude languages without articles to
ensure that they are not assigned the same value of zero as languages with articles
but no number/gender marking. The second analysis has fewer features (number/
gender marking on demonstratives and adjectives only) but a larger sample of
languages (n =1,608). As an example of how the data is encoded, some languages like
Italian mark both gender and number on all three targets, as shown in example (1).

(1) Gender and number marking on definite articles and demonstratives in Italian
(Indo-European, personal knowledge)

(@ il/questo muro bianco
the.masc.sc/this.masc wall.masc.sc  white.masc.sc
‘The/this white wall’

(b) la/questa casa bianca
the.rem.se/this.FEM  house.rEm.s¢c  white.FEM.SG
‘The/this white house’

(c) i/questi muri bianchi

the.masc.pr/this.masc wall.masc.p.  white.masc.pL
‘The/these white walls’
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(d) le/queste case bianche
the.rem.pL/this.FEM house.rEM.pL.  White.FEM.PL
‘The/these white houses’

French behaves in a similar way with the exception that gender agreement in articles
(les grandes maisons ’the.r. big.rem.pL houses.pr’) and demonstratives (ces grandes
maisons 'these.rL big.rem.pL houses’.pp)) is neutralized in the plural, whereas number
agreement is consistent across all targets. In English, only demonstratives agree with
nouns in number (this flower/these flowers) while articles and adjectives remain
unchanged. As English nouns are not categorized into genders, none of the targets
have gender agreement. Yet, in some languages (e.g. Mangarongaro (Austronesian),
gender and number agreement is absent across all three targets.

Languages marking 1) only number, 2) both number and gender, or 3) neither
number nor gender would satisfy Greenberg’s “gender hinges on number” prediction.
However, we encounter various instances of languages having gender agreement and
lacking number agreement in specific targets. For instance, in the isolate Tunica,
adjectives can take gender marking, but do not agree with nouns in number. In Tunni
(Afro-Asiatic) and Marshallese (Austronesian), number (but not gender) is marked on
adjectives in line with Greenberg’s claims, but demonstratives and adjectives show the
opposite pattern of agreeing with nouns in gender, but not in number. These different
scenarios are summarized and compared in Table 1.

We use phylogenetic comparative methods to infer the diachronic interaction
between the variables of our dataset. Such methods allow us to address the
non-independence of features from evolutionary processes (Galton’s problem, Mace
and Holden 2005; Macklin-Cordes and Round 2022). We use a global tree of 6,635
languages (Bouckaert et al. 2022). This tree incorporates information on language
classification within families from previously published phylogenies and Glottolog
(Hammarstrom et al. 2021). It infers the relationships between language families and
isolates based on geographic locations of the languages. The time calibrations result
from a wide range of archeological, genetic, and linguistic evidence as well as pub-
lished phylogenies. We use the entire sample of 902 posterior trees of this global tree

Table 1: Illustration of the features and feature values considered in the study.

Languages Adjectives Articles Demonstratives
Number Gender Number Gender Number Gender

Italian, French 1 1 1 1 1 1

Mangarongaro 0 0 0 0 0 0

Tunica, Tunni 1 0 0 1 0 1
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to control for phylogenetic non-independence between languages. Each of those
trees represents the evolutionary processes underlying the divergence of languages
and thus allows us to appropriately capture uncertainty in our results associated
with possible evolutionary relationships between languages.

Asmentioned above, we conduct two analyses using two different samples. First,
we focus on number and gender marking on adjectives, demonstratives, and articles.
Since we exclude languages that do not possess articles or do not have information on
whether or not articles agree with gender or number, our global sample for this
analysis is restricted to 662 languages. We prune the world tree to keep languages for
which we have data for the six Grambank features (gender and number marking on
adjectives, demonstratives, and articles). We then conduct phylogenetic analyses to
assess the diachronic interaction between these six variables. For this analysis, we
focus on the global tendencies observable in the languages that have articles and do
not conduct analyses for specific language families. This is done to prevent making
inferences about language families that show variation in the distribution of articles.
For instance, in the Indo-European family, only some branches (Germanic and
Romance) tend to have articles, whereas articles are mainly absent in other branches
(Slavic and Indo-Aryan), which would need to be excluded from such an analysis.
Figure 1 shows the geographic distribution of the data set for this analysis.

Second, we consider the diachronic interaction between number and gender
marking in adjectives and demonstratives. This analysis allows for a larger coverage
of languages and language families. Our global sample (n =1,608) includes languages
found on the global tree and in Grambank with available data on presence/absence of
number and gender marking on adjectives and demonstratives. Apart from assessing
the diachronic interaction of number and gender on the world tree, we also consider
language families with sufficient data in typological variation of gender/number
marking and available phylogenetic trees, i.e. the Indo-European language family
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Figure 1: The geographic distribution of languages having data available for the presence/absence of
number/gender marking on adjectives, articles, and demonstratives.
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Figure 2: The geographic distribution of languages having data available for the presence/absence of
number/gender marking on adjectives and demonstratives.

(42 languages; Bouckaert et al. 2012), the Dravidian language family (15 languages;
Kolipakam et al. 2018), and the Bantu branch of the Atlantic-Congo language family
(118 languages; Grollemund et al. 2015). Figure 2 shows the geographic distribution of
the data set for this second analysis on the global tree.

To measure the diachronic interaction between the variables, we use a Reverse
Jump Markov Chain Monte Carlo (R]-MCMC) within BayesTraits V4 software (Green
1995; Gowri-Shankar and Rattray 2007; Pagel et al. 2004). We use this method to test
the probability of change and transition rates related to gender and number marking
in the noun phrase. The RJ-MCMC is based on a Continuous Time Markov Chain
process, which considers scenarios of reversed change between different states of a
variable. For example, the algorithm scores the probability that gender marking on
adjectives islost, acquired, re-acquired and re-lost. The R]-MCMC method thus allows
us to infer the correlated evolution between the features included in our dataset. In
other words, this approach lets us detect evolutionary relationships between two
binary linguistic variables where presence/absence of one variable influences the
probability of change in another variable and vice versa (Pagel 1994: 40). We set a
Reverse-Jump hyper-prior for all transition rates to a gamma prior with both
parameters equal to 1 (“Revjump gamma 11”). We can infer whether gender marking
or number marking on adjectives is more likely to be acquired (or lost) first and
which state is the most stable. To operationalize this, we consider the pairwise
correlated evolution between the variables of the data set. Each pair of variables can
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have four states: 00, 01, 10, and 11. For example, if the pair under consideration is
gender marking on the adjective and number marking on the adjective, 00 would
indicate a state where neither gender marking nor number marking is found on the
adjective. 11 would represent the state where both gender and number are marked
on the adjective. 10 would refer to the situation in which gender is marked on the
adjective and not number, while 01 would mean that gender is not marked on the
adjective but number is marked. The transition rates can be read as follows based on
the same example. If neither gender nor number is marked on the adjective, the
higher transition rate from 00 to 10 compared to 00 to 01 suggests that adjectives are
more likely to develop gender marking than number marking. Conversely, equal
transition rates from 00 to 10 and from 00 to 01 indicate that gender marking and
number marking are equally likely to develop on the adjective starting from a state
where neither is marked.

For each pair of variables, two models are built. One model considers that the
variables are independent and the other model includes the dependence between
the variables. For each pair of models, we calculated Bayes Factors (Burnham &
Anderson 2004) from the marginal likelihoods of both models which we obtained
using a stepping stone sampler (Xie et al. 2011) with 100 stones and 1,000 iterations
per stone. For each model, 1,000,000 iterations are conducted. The first half (500,000)
is discarded as a burn-in and the sampling frequency is every 1,000 iterations, which
results in (1,000,000-500,000)/1,000 = 500 iterations per pair of variables. The Bayes
Factor is estimated in the following way: 2 x (log marginal likelihood of dependent
model - log marginal likelihood of independent model). We interpret Bayes Factors
above 2 as positive evidence, above 5 as strong, and above 10 as very strong evidence
in support of the dependent model (Raftery 1996). In the current study, we kept the
pairwise interactions that had a Bayes Factor higher than 2. The detailed Bayes
factors are listed in the Supplementary Materials.

We use the analyses output of transition rates to examine evolutionary path-
ways of gaining number/gender marking on three targets by focusing on two major
questions. Firstly, we aim to establish which of two features is more likely to emerge
in the language with both features absent. For example, we can observe the tran-
sition rates from Adj(&, @) to Adj(N, @) and to Adj(&, G) and determine if languages
without any marking have preference for either number or gender marking.
Furthermore, this approach enables us to compare transitions between different
targets, for instance, from N(&, @) to N(Adj, &) and N(J, Dem) to identify on which
target number marking tends to develop first.

Secondly, we are interested in how two features in the observed pairs come to
co-occur, specifically identifying which feature was gained first and which
was gained second. For instance, this allows us to compare the transition rates
towards Adj(N, G) from Adj(N, &) and from Adj(&, G) to establish a potential
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tendency for adjectives to gain gender when number is present or vice versa.
Similarly, such comparison could shed light on whether number marking on
both targets N(Adj, Dem) arises in a specific order (first on adjectives, then on
demonstratives or vice versa).

We extract the posterior distribution of the transition rates of interest in
co-evolving feature pairs (i.e. those where calculated Bayes Factors exceed 2). We
calculate the difference between the distributions of two selected transition rates, for
instance, of gaining number marking Adj(N, &) and gaining gender marking Adj(&, G)
starting from the state where both are absent Adj(J, @). As a result, we obtain the
distribution of values representing the differences between these two transition rates,
which we then summarize by calculating the medians and 95 % highest-density
continuous intervals (as some posterior distributions are multimodal) using ggdist
package (Kay 2023). It is then possible to differentiate between cases where one of the
rates exceeds the other and where both rates are comparable. Specifically, if the 95 %
intervals of the different values exclude zero, we interpret it as evidence for one of the
rates being substantially faster than the compared rate, suggesting a specific order of
gaining two features. Otherwise we have no conclusive evidence suggesting that
transition from the initial state Adj(&, &) towards either Adj(N, &) or Adj(, G) would
be dominant. Then, for variables for which the order of gaining was established, we
capture the relationships between these variables with the help of directed arrows.

The analyses are conducted using the BayesTraits software (Pagel et al. 2004);
data processing and visualization are done in R (R Core Team 2023) with the following
packages: ape (Paradis and Schliep 2018), diagram (Soetaert 2020), GGally (Schloerke
et al. 2020), ggpubr (Kassambara 2023), phangorn (Schliep 2011), phytools (Revell
2012), tidyverse (Wickham 2017), ggdist (Kay 2023), ggraph (Pedersen 2022), igraph
(Csardi and Nepusz 2006), ggokabeito (Barrett 2021), phylopath (van der Bijl 2018).

3 Results
3.1 Six-feature analysis: languages with articles

3.1.1 Order of developing gender and number marking on the same and
different targets

First, we obtain the differences of transition rates and their medians from the
global analysis with six variables: number and gender marking on adjectives,
demonstratives, and articles. Figure 3(a) shows the global tendency of gender hinging
on number: when both categories are unmarked on the same target, number
agreement is more likely to develop first. For example, number marking on articles
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art(N) art(N)
adj(N) \\ dem(N) adj(N) —— dem(N)
adj(G) dem(G) adj(G) dem(G)
art(G) art(G)
Median rate difference Median rate difference i
0.12 0.16 0.20 0.250.300.350.40
(a) (b)

Figure 3: Six features, world tree. The color of the arrows indicates the median difference of transition
rates between two features when starting from a state when both features are absent (a) or arriving ata
state when both are present (b). The direction of arrows represents the order of gaining the features.
The absence of arrows suggests no conclusive evidence in favor of a specific direction between two
features.

and demonstratives is more likely to develop before gender marking on these targets.
For adjectives, there is no clear tendency in the order of acquiring number and
gender marking. Additionally, we observe the tendency of gender hinging on num-
ber on distinct targets. For instance, number on articles tends to be acquired before
gender on adjectives and demonstratives, number on demonstratives is typically
developed before gender on adjectives, and number on adjectives tends to precede
gender on demonstratives.

On the other hand, Figure 3(b) reveals the opposite trend in the rate differences:
when considering the transition to a state where both variables are marked on the
same target, number marking tends to follow gender marking. We find gender
marking preceding number marking on the demonstratives, but no clear pattern in
the order of developing number and gender marking on articles and adjectives.
Furthermore, we observe a tendency whereby number marking follows gender
marking across different targets, such as number marking on articles following
gender marking on adjectives, and number marking on demonstratives following
gender marking on articles.

3.1.2 Cross-target patterns in evolution of gender and number

Transition rates concerning different targets also reveal if number or gender
marking tends to first appear on a specific target before it is marked on another
target. For instance, we find that in languages without gender marking on either
articles or demonstratives, articles gain gender marking before demonstratives
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develop gender marking. Another example is the tendency for languages with
number marking on adjectives to gain number also on demonstratives.

3.2 Four-feature analysis

3.2.1 Order of developing gender and number marking on the same and
different targets

Then, we consider the transition rate differences from the global analysis with four
variables: number and gender marking on adjectives and demonstratives. As
highlighted in Section 2, considering only adjectives and demonstratives as a locus
of marking allows us to rely on a much larger dataset than when including lan-
guages that have articles as was done in our analysis with six features. The results
of this analysis generally mirror two tendencies captured by the analysis on six
features.

Firstly, similar to the results of the analysis on six features, Figure 4(a) illustrates
the tendency of gender hinging on number when analyzing transitions from the
absence of marking to acquiring either gender or number marking. This pattern of
first developing number and then gender holds for both demonstratives and
adjectives. Secondly, Figure 4(b) demonstrates that gender marking is developed
before number marking in both demonstratives and adjectives before both targets
agree in gender and number.

adj(G) adj(G)
adj(N) dem(N adj(N) dem(N)
dem(G) dem(G)
Median rate difference Median rate difference
0100012501500175 0.200 0.2 04 06 0.8
(a) (b)

Figure 4: Four features, world tree. The color of the arrows indicates the median difference of
transition rates between two features when starting from a state when both features are absent (a) or
arriving at a state when both are present (b). The direction of arrows represents the order of gaining the
features. The absence of arrows suggests no conclusive evidence in favor of a specific direction between
two features.
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Overall, this analysis on a larger sample further supports the evolutionary
trajectories of agreement development in demonstratives (already evidenced by the
four feature analysis) and additionally suggests that agreement in adjectives is
gained in the same order. These findings can be summarized as the following two
scenarios:

1. When neither number nor gender are marked on the same agreement target,
then the development of number marking precedes gender i.e.,

Dem (&, @) and Adj (D, D)
are more likely to transition to

Dem (N, &) and Adj (N, &),
respectively, rather than to

Dem (&, G) and Adj (I, G).

2. When both gender and number are marked on the same target, then the
preceding stage is the presence of gender marking and the absence of number
marking i.e,

Dem (&, G) and Adj (9, G),
respectively, rather than

Dem (N, @) and Adj (N, &)
that is more likely to transition to

Dem (N, G) and Adj (N, G).

3.2.2 Cross-target patterns in evolution of gender and number

On the larger sample, we observe two trends. When considering the situation in
which agreement emerges from a state in which both features are absent
(Figure 4a), number marking on demonstratives emerges first to later spread to
adjectives. In this scenario, gender marking on adjectives and demonstrative
would also follow from the emergence of number marking on demonstratives.
When taking into account the other scenario, that is the evolutionary dynamics that
lead to the co-occurrence of both agreement features (Figure 4b), gender agree-
ment on demonstratives would seem to precede the emergence of number marking
on both targets types. In addition, beyond strictly cross-target patterns, we also
detect a strong tendency for gender agreement on adjectives to precede number
agreement on adjectives. All in all, this suggests that, under both scenarios (the
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emergence of agreement from scratch, and the evolutionary dynamics leading to
the co-occurrence of both agreement features), demonstratives play a crucial role
in fostering agreement marking within the noun phrase. In addition, when
considering how languages arrive at the co-occurrence of both gender and number
agreement, our findings suggest that the presence of gender agreement tends to call
for more agreement to emerge.

3.2.3 Family-specific analyses

Finally, we consider the transition rate differences within specific language families
for which phylogenies are available, i.e., Bantu, Dravidian, and Indo-European.
Interestingly, we find no evidence for the tendency of gaining gender and number
agreement within the same and across different targets in any family. This holds for
rate differences in the analysis with both pair features absent as a starting point and
with both pairs features present as the arrival point.

To summarize, we observe different tendencies depending on the perspective of
gaining agreement. The global analysis suggests that languages with no marking tend
to first develop number and then gender, whereas transitioning towards having both
types of agreement typically happens when gender is already present and number
agreement follows. When considering existing phylogenies from three large lan-
guage families, we do not identify any significant trend between gender and number.
This result may suggest that, for these specific language families, the evolution of
gender and number agreement in the noun phrase may not be the most relevant
domain of analysis when testing the implicational relationship posited by Greenberg.
One could speculate that other agreement domains, such as for instance verbal or
pronominal agreement, may be at stake in these languages. However, testing this
hypothesis goes beyond the scope of the present paper.

4 Discussion

The goal of this study was twofold. Firstly, we aimed to test whether the implicational
relation between gender and number posited by Greenberg (1963) holds when
considering the morphosyntactic encoding of gender and number distinctions in the
domain of noun-phrase internal agreement. This was achieved by observing the
evolutionary dynamics of agreement, i.e. transition rates between types of agree-
ment marking estimated on established phylogenies. Secondly, we set out to explore
which types of agreement targets, between demonstratives, adjectives, and, at least
in part, also articles, develop agreement first, and under which conditions. We
conducted our quantitative analyses on a global sample first, to later delve into the
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evolutionary dynamics of noun-phrase internal gender and number agreement in
three distinct language families: Bantu, Dravidian, and Indo-European.

We distinguish two scenarios in the order of gaining number and gender agree-
ment. In the first scenario, our findings support Greenberg’s idea that gender marking
hinges on number marking on the global level. Notably, we show that, in languages
that lack either type of noun-phrase internal agreement, number agreement would
tend to emerge before gender agreement. This first scenario could suggest that com-
plex morphosyntactic phenomena, such as agreement marking, tend to emerge first in
connection with cross-linguistically frequent and conceptually salient grammatical
distinctions, as is the case for number. These findings also lend quantitative support to
earlier claims made by Nichols (1992) and Walchli et al. (2019), who suggested that for
gender agreement to kick off, some form of agreement marking, usually in the domain
of number and person, should already be present in the language.

The second scenario hinges on the evolutionary dynamics that lead to agreement
marking of both categories. In such cases, the results of our global analyses show
that, in the noun phrase domain, the development of gender agreement tends to
precede that of number agreement. This second scenario, whereby the co-existence
of the two types of agreement follows the presence of gender agreement, reflects the
well-known fact that agreement is the most intrinsic property of gender systems.
This is in contrast with the fact that, in many languages, nominal number marking is
often restricted to nouns and does not involve any form of agreement. It also reso-
nates with earlier findings by Di Garbo (2014), who observed that in the languages of
Africa, pervasive agreement marking always involves both gender and number, but
that, when a language lacks gender, number agreement is actually rare, notwith-
standing the presence of number marking on nouns (see Section 1).

Far from being in contradiction with each other, the two scenarios of change
outlined above contribute to build up a broader picture of the evolutionary dynamics
of gender and number systems. On the one hand, we explore how a language starts
developing noun-phrase internal agreement from scratch and find that number
rather than gender is more likely to be developed first. On the other hand, we
investigate how agreement in the noun phrase becomes more entrenched through
the co-occurrence of both gender and number marking. In this latter case, the order
in which both agreement types are gained is gender first, number second. Both of
these findings lead us to the conclusion that number and gender agreement differ
drastically in the degree of independence from each other. While number agreement
is likely to develop in targets with and without gender agreement, gender depends on
number in two distinct ways: 1) gender agreement is less likely to arise on targets
without number agreement and 2) when it does happen, targets with gender
agreement tend to develop number agreement.
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In terms of the second goal of the study, exploring evolutionary trajectories of
gender and number marking by type of target, the global analyses suggest that in the
smaller sample of languages with articles, number agreement spreads from adjec-
tives to demonstratives. In other words, adjectives develop number agreement
before demonstratives do. This pattern is not found in the larger sample, where
number agreement in demonstratives may instead follow or precede gender
agreement in adjectives, depending on the evolutionary trajectory, that is, from the
absence of both agreement features to the emergence of one or from the occurrence
of gender agreement only to the presence of both. Both of these results align with
recent studies on word order universals in the noun phrase. Based on a combination
of experimental, typological, and corpus-based evidence, Culbertson et al. (2020)
show that adjectives tend to be linearly closer to nouns because they are semantically
tightly connected to nouns and their referents. The patterns emerging from the
smaller sample of our global analyses could be interpreted as suggesting that, in line
with the fact that adjectives are semantically tied to the nouns they modify and
linearly closer to them, they would also be the first type of modifier to develop
agreement. In this sense, agreement marking on adjectives would somewhat
enhance the syntactic and semantic cohesion between nouns and their modifiers.
The results from the larger sample could also be explained in terms of Culbertson
et al. (2020). Given that demonstratives are less tightly associated with nouns in terms
of mutual information, agreement marking on demonstratives may be seen as a
means of overtly signaling this association with nouns. In other words, grammatical
marking of syntactic cohesion within the noun phrase would tend to appear first on
those modifiers that are less inherently associated with nouns, and as a way of
overtly signaling this association in a given syntactic context. It seems to us that both
interpretations would be directly testable through a behavioral experiment, the
design of which goes beyond the scope of this paper. Finally, our results on the larger
sample, which indicate the tendency of gender agreement on demonstratives pre-
ceding the emergence of number agreement on adjectives, are in line with the
generalization proposed by Moravcsik (1997: 317), whereby the presence of adjective-
noun agreement would imply the presence of demonstrative-noun agreement.

One limitation of our study is that the distinction between articles and
demonstratives might not always be pronounced, and these categories might have
identical or similar forms (Dryer 2013). The reason for the similarity of forms in some
languages is that demonstratives represent the most common source construction
for the grammaticalization of definite articles (Greenberg 1978). Further studies
should explore in detail how exactly the forms of these targets might affect the
evolution of agreement.
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5 Concluding remarks

To our knowledge, the present study is the first of its kind to model the evolutionary
trajectories of gender and number agreement on multiple types of agreement
targets, based on a large dataset of languages of the world and with the support of
cutting edge statistical methodologies. The global tendencies revealed by this study
deserve to be studied in greater detail, by, for instance, expanding the domain of
analysis beyond the noun phrase, that is, to the domain of verbal and pronominal
agreement; or through behavioral experiments directly testing the explanations that
we suggested in order to account for the observed distributions. Broadening the
focus to other targets of agreement could shed light on family-specific trends, which
were not identified in the scope of this paper. Given the current stage of documen-
tation of verbal and pronominal agreement in large cross-linguistic databases, taking
this step would require extensive data collection, which could be more readily
achieved by focusing on individual language families first.

All in all, the study contributes to showcasing the benefits of using large-scale
typological databases to test the validity of well-established typological generalizations
for which empirical support was hitherto based only on small language samples.
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