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Theinvention of agriculture is widely thought to have spurred the
emergence of large-scale human societies. It has since been argued that
only intensive agriculture can provide enough surplus for emerging states.

Others have proposed it was the taxation potential of cereal grains that
enabled the formation of states, making writing a critical development

for recording those taxes. Here we test these hypotheses by mapping trait
datafrom 868 cultures worldwide onto alanguage tree representing the
relationships between cultures globally. Bayesian phylogenetic analyses
indicate that intensive agriculture was as likely the result of state formation
asits cause. By contrast, grain cultivation most likely preceded state
formation. Grain cultivation also predicted the subsequent emergence of
taxation. Writing, although not lost once states were formed, more likely
emerged in tax-raising societies, consistent with the proposal that it was
adopted to record those taxes. Although consistent with theory, a causal
interpretation of the associations we identify is limited by the assumptions
of our phylogenetic model, and several of the results are less reliable owing
to the small sample size of some of the cross-cultural data we use.

For more than a century, scholars have debated how and why large-
scale complex human societies emerged'. Early explanations for the
formation of the state suggested that the development of agricul-
ture, which enabled sedentism and surplus production, led to the
formation of hierarchies with elites controlling the new states™’.
However, the long gap between the development of agriculture and
the widespread emergence of states has encouraged a refinement
of this view. Itis now commonly suggested thatit was only intensive
agriculture that provided enough surplus for the needs of emerg-
ing states*’. The timing for the appearance of agricultural inten-
sification—preceding the establishment of hierarchies—is key to
supporting this view. A recent study® investigating the co-evolution
of intensive resource use and socio-political hierarchy in the Pacific
found support forareciprocal relationship, suggesting that social as
well as material factors can drive the emergence of political complex-
ity. Another explanationis that, rather than an agricultural surplus,
it was the taxation potential of different crops that was crucial to

state formation’®, Scott® argues that cereal grains, which require
fixed fields, grow above ground, ripen at a predictable time and are
readily stored, provide the ideal crop for tax collection. By contrast,
roots and tubers are not easily discoverable, have no fixed ripening
time, canbe leftinthe ground untilneeded and do not store well once
harvested. Wheat, barley, millet and more recently rice and maize
would therefore have provided the key to state formation because
of their taxable potential®. Scott® also points to the fact that all the
earliest states that emerged were based on grain: wheat and barley
in Mesopotamia, Egypt and the Indus Valley and millet followed by
riceinthe Yellow River Valley, and, in the New World, maize became
a new state crop. To test this view, Mayshar and colleagues’ used
cross-regional datato show that the cultivation of grainis correlated
with hierarchy but not with land productivity, suggesting that it
was the taxability of grain rather than its potential for producing a
surplus that enabled local hierarchies to exploit this feature of grain
to their own advantage.
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In support of the taxation view, Scott® also reiterates an earlier
argument'*" thatit was only with the adoption of writing as the means
torecord taxes due and those paid that an emerging state would have
been at all viable. The role of record-keeping in state formation and
maintenance has previously been tested by Basu and colleagues® using
aworldwide datasample, which showed a positive and nonlinear asso-
ciation between community size and record keeping. More recently,
Stasavage' has used the same dataset to suggest that the availability of
writing was positively correlated with the emergence of states.

The quantitative studies®*"” testing the link between crop type and
appropriability, writing and state formation have allmade extensive use
of datafromthe Standard Cross-Cultural Sample (SCCS)*. The SCCSisa
subset of 186 cultures from the 1,291 culturesin the Ethnographic Atlas
(EA)", whichincludes1,781separate variables. The SCCS was originally
developedtotry todeal with the problem of the non-independence of
datathroughthe shared histories of culturesin cross-cultural studies.
It was hoped that the problems of proximity and common descent
of cultures could be addressed by retaining a single culture for each
region. However, the SCCS still shows high levels of both spatial and
cultural autocorrelation, which seriously limits the interpretation of
statistical analyses of global cross-cultural studies using these data™®.
To identify independent instances of correlated change in traits,
a cultural phylogeny is required”. This has the added advantage of
not only being able to test reliably for correlated evolution between
traits across the phylogeny but also enabling the inference of relative
timing for the appearance of those traits. If the best-fitting model is
oneinwhichthe gainorloss of one trait is contingent on the presence
or absence of the other, the direction of causation can be inferred”.
Thisapproach hasbeen successfully applied inanumber of studies to
modelthe co-evolution of cultural traits along the branches of language
family phylogenies' . The SCCS s a particularly rich data source for
cultures worldwide, which means that the recent development of global
language supertrees** has now unlocked those data for phyloge-
netic cross-cultural analyses. A phylogenetic approach using a global
supertree and drawing on SCCS data has already been used to explore
marriage patterns®*, food sharing” and genital mutilation® worldwide.

Here, we aimto leverage the potential of phylogenetic analysis to
testforacorrelated evolutionbetween pairs of traits linked to the origin
of the state and also to investigate the relative timing of the evolution
of those traits to infer the likely direction of causality". We do this
using a new posterior treeset of world languages®, representing the
genealogical relationships between cultures, derived using Bayesian
phylogeneticinference techniques, matched to 868 culturesinthe EA
and to the 186 culturesin the SCCS.

One approach is to consider cultural complexity in the form of a
set of classificatory criteria”, spanning technological specialization
and social stratification, population density and the use of money (for
example, refs. 6,12,28). Another approach is to focus on a single clas-
sification, such as political complexity (for example, ref. 29), defined
as the number of distinct jurisdictional levels beyond the local com-
munity” from autonomous bands to petty and larger chiefdoms to
states. Here, we take this second approach, testing hypotheses con-
cerningthe evolution of political complexity and particularly the move
from autonomous bands and chiefdoms to fully functioning states.
We use the EA/SCCS variable Jurisdictional Hierarchy Beyond Local
Community (EA033, SCCS237) as the measure of political complexity
(followingrefs. 9,13,29), where anon-state is defined as having zero to
two jurisdictional levels and a state is defined as having at least three
levels. We test a number of hypotheses for the emergence of states
worldwide using a Bayesian phylogenetic approach*’:

(1) The intensification of agriculture, which produces a surplus, is
the crucial factor enabling the emergence of states*’.

(2) Cereal grain agriculture and its potential for taxation is key to
state formation®*",

(3) Writing is adopted to manage taxation and is key to the emer-
gence and maintenance of the state®'° 5,

Results

We matched 868 societies from the EA to the posterior treeset of the
Global Supertree developed by Bouckaert and colleagues® (Fig. 1).
Using EA data onjurisdictional hierarchy beyond the local community
(EA033) (Fig.2), we tested several hypotheses for the emergence and
maintenance of states. In tests thatincluded measures of agriculture
andjurisdictional hierarchy only, we were able to use the full EA data
to maximize the reliability of our estimates. However, data on taxa-
tion and writing were only available in the SCCS dataset (a subset of
EA data) (Supplementary Fig. 1), with taxation data only available
for 83 societies. All traits showed a phylogenetic signal (PhyloD)*
significantly stronger than expected under a random distribution
of data on the tree (Methods; Supplementary Table 2), violating the
assumption of non-independence and supporting the use of phyloge-
netic methods to account for the shared histories of societies. At the
same time, all traits, except writing, showed a significant difference
from Brownian motion, suggesting that other unmodeled factors
may play arole.

Correlated evolution

Totest for correlated evolution between pairs of binary traits under an
assumption of phylogenetic inheritance, we used the stepping-stone
sampler method* within the BayesTraits*° analyses to compare the log
marginal likelihood of the dependent (where traits evolve together) and
independent models (where traits are restricted to evolve separately)
for each pair of traits (Supplementary Table 3). log Bayes factor values
(BF) were calculated for each pair of traits with <2 showing weak evi-
dence, >2 positive evidence, 5-10 strong evidence and >10 very strong
evidence®. Grain and taxation show positive evidence of correlated
evolution (BF of 3.38), non-grain agriculture and the state show strong
evidence (BF of 7.51), and the rest of the trait pairs show very strong
evidence of correlated evolution.

Intensive agriculture

Intensive agriculture was presentin 241(28%) societies we sampled. In
total, 66 states practiced intensive agriculture (72%), whereas 26 states
did not (28%). Atotal of 163 non-states had intensive agriculture (22%),
and 587 did not (78%). Accounting for non-independence due to shared
ancestry on the global language phylogeny, we find very strong evi-
dencefor correlated evolution between intensive agriculture and the
emergence of states (BF of 53.56) (Fig. 4 and Supplementary Table 3).
The rate matrix (Fig. 4) shows the eight transitions between the two
states of the two traits. Each transition rate (for example, from trait
state 0,0 totraitstate 0,1, g;,) has the meanrate across the model itera-
tions and the percentage of iterations with a zero rate (for example,
where no transition took place in half of the iterations, Z= 50%). The
rate matrixin Fig. 4 indicates that the presence of intensive agriculture
makes the emergence of states somewhat more likely (rate of transi-
tiontostatehoodinthe presence of intensive agriculture (g, = 0.06)
istwice therate of transition to statehood in the absence of intensive
agriculture (g, = 0.03)). However, we find stronger evidence that the
presence of astate makes the transition to intensive agriculture more
likely (g,, (0.31) is six times the rate of g;; (0.05)). We also find strong
evidence that the presence of statehood makes the loss of intensive
agriculture less likely (g5, (0.27) is seven times the rate of g,, (0.04))
but no evidence that intensive agriculture sustains statehood (g,
(0.31) is equal to g,; (0.31)). This result provides limited support for
hypothesis1that the surplus provided by agricultural intensification
wasimportant for the emergence of states. We find stronger evidence
that the presence of the state encouraged intensive agriculture and
that once a state gained intensive agriculture, it was much less likely
tolose it than a non-state.
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Fig. 1| Phylogenetic distribution of data for state, intensive agriculture

and grain. Amaximum clade credibility tree of the global treeset? with larger
language families identified, matched to the data for state, intensive agriculture
and grain from the EA. The maximum clade credibility tree is just one tree
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from the posterior distribution of 1,000 trees. All the analyses we report
were performed on the full posterior distribution of trees, integrating over
the considerable uncertainty in ancestral relationships between the world’s
languages. The figure was produced using Treeviewer*.

Grain
Grain was the main crop in 484 societies (56%), but not the main crop

in 379 societies (44 %) (Fig. 3). A total of 76 states depended on grain

(84%), whereas 14 states were dependent on other crops (16%). In total,

386 non-states depended on grain (52%), whereas 362 non-states did

not (48%). The cultivation of grains shows very strong evidence of cor-

related evolution with the emergence of states (BF of 22.59) (Supple-

mentary Table 3). The rate matrix in Fig. 5 indicates that the presence
of grain agriculture makes the emergence of states possible (the rate
oftransition to statehood inthe presence of grains (g,,) is low but posi-
tive (0.07), whereas the rate of transition to statehood in the absence
of grains (qy,) is zero). In addition, we find evidence that the presence
of a state may make the transition to grain agriculture slightly more
likely (g, (0.12) is greater than g13 (0.07)). We find no evidence that
the presence of statehood makes the loss of grain cultivation less likely
(g4, (0.07) isequal to g5 (0.07)) and no evidence that grain agriculture
sustains statehood (g, (0.39) isequal to g,; (0.39)). This result supports
hypothesis 2, which posits that grain agriculture wasimportant for the
emergence of states.

Scott®argued that there were only grain states, such that no states

emergedinsocietiesbased onother forms of agriculture. Although our
results generally support this pattern, there were a minority of cases

inthe EA dataset that did not. In 14 of the societies classified as states
(16%), grain was not the major crop: 10 had roots or tubers as the main
crop, 3 had tree fruits and 1 had vegetables. The majority of these 14
societies were small states'’, and most® were in the Atlantic-Congo
language family, all based in tropical Africa.

To investigate this further, we pruned the global phylogeny* to
include only the 241societies from the Atlantic-Congo language fam-
ily. We used this new posterior sample of trees to test for correlated
evolutionbetweenintensive agriculture and the emergence of states,
between grain agriculture and the emergence of states and between
non-grain agriculture and the emergence of states. In all three cases,
therewasnoevidence of correlated evolution (Supplementary Table 4
and Supplementary Fig. 6), consistent with a scenario in which these
agricultural traits did notinfluence the emergence of statesin societies
inthe Atlantic-Congo language family.

Non-grain

To check whether other types of agriculture show a similar associa-
tion with the emergence of states, we tested for correlated evolution
betweennon-grainagriculture (vegetables, tree fruits, roots and tubers)
andjurisdictional hierarchy. There was evidence of strong correlated
evolutionbetween non-grain agriculture and the emergence of states
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Fig. 2| Geographicdistribution of states. A plot of EA data on state and non-state societies. The base map for this figure was obtained from ESRI's World Terrain
Reference (https://goto.arcgisonline.com/maps/Reference/World_Reference_Overlay) and generated using ArcGIS Pro 3.5.3%.
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Fig. 3| Geographic distribution of grain agriculture. A plot of EA data on societies with grain present and absent. The base map for this figure was obtained from
ESRI's World Terrain Reference (https://goto.arcgisonline.com/maps/Reference/World_Reference_Overlay) and generated using ArcGIS Pro 3.5.3%.

(BF of 7.51) (Supplementary Table 3 and Supplementary Fig. 7). How-
ever, there was no evidence for the emergence of states being more
likely in the presence of non-grain agriculture (g, (0.04) equal to g;,
(0.04)) or that non-grain agriculture was more likely to be gained in
states rather than non-states (g,; (0.04) equal to g,, (0.04)). By contrast,
non-grain agriculture was much more likely to be lost in states thanin
non-states (g,, (0.37) is nine times the rate of g5, (0.04)). This result
suggests that states may have encouraged the growing of grain, while
discouraging other forms of agriculture (Supplementary Fig. 7): sup-
porting hypothesis 2 that grain was ideal for taxation.

Taxation and writing

Next, we tested whether there was correlated evolution between grain
agriculture and taxation. Across the SCCS societies, tax was levied in 30
societies (36%) and not levied in 53 societies (64%). In societies where
grain was the main crop, tax was levied in 19 (50%) and not levied in

19 (50%). In societies that were not dependent on grain, 10 societies
levied taxes (23%), whereas 34 societies did not (77%). The cultivation
of grainand taxation show positive evidence for correlated evolution
(BF of 3.38) (Supplementary Table 3 and Supplementary Fig. 8). The
rate of transition to taxation in the absence of grain agriculture (q,,)
is zero, whereas the rate of transition to taxation in the presence of
grain agriculture (q,,) is high (0.09), suggesting that grain agricul-
ture consistently predicts taxation (Supplementary Fig. 8). There is
no evidence that the presence of taxation makes the gain or loss of
grainagriculture moreor less likely (¢,, (0.09) and g5 (0.09) equal, g,
(0.09) and g5, (0.09) equal). This result provides further support for
hypothesis 2, showing evidence that taxation is more likely to appear
inthose societies thatrely on cereal grain as their main crop. However,
the low BF for correlated evolution and the low coverage of data on
taxation in the SCCS (83 societies) means that this result may be less
robust than previous results.
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Fig. 4| Correlated evolution between intensive agriculture and the emergence
of states. There is very strong correlated evolution (BF of 53.56) between these
variables. The width of each arrow is equivalent to the rate of change between the
state of the traits.
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Writingis presentin 38 societies (22%) across the SCCS and absent
in138 (78%).Insocieties that levied tax, 12 had writing (40%) and 18 did
not (60%). Insocieties without tax, 5 had writing (9%), whereas 48 did
not (91%). Our results show very strong correlated evolution between
the raising of taxes and the adoption of writing (BF 0f 19.90) (Sup-
plementary Table 3). The rate of transition to writing in the absence
of taxationis zero (q,,), whereas the rate of transition to writing in the
presence of taxation (g,,) is very high (0.06), suggesting that taxation
consistently predicts the adoption of writing (Supplementary Fig. 9).
This result supports hypothesis 3, suggesting that writing is adopted
insocieties that raise taxes, most likely torecord those taxes. However,
because of the relatively low coverage of data on taxation, we are less
certain of this result.

From SCCS data, states are present in 27 societies (16%) and absent
in 147 (84%). Writing was present in 21 states (57%) and 16 non-states
(43%). Writing was absent in 6 states (4%) and 131 non-states (96%).
Support for a model of correlated evolution between the adoption
of writing and the emergence of states is very strong (BF of 48.40)
(Supplementary Table 3). The rate of transition to statehood in the
absence of writing (g,,) is low but non-zero (0.02), whereas the rate
of transition to statehood in the presence of writing (g,) is one of the
highestrates we observe (0.17). The rate of transition for the adoption
of writing (q,,) is highin states (0.15), whereas in non-states (g;;) itis low
(0.01). Furthermore, a zero rate for the loss of writing in the presence
of states (q,,) suggests that states keep writing onceitis adopted (Sup-
plementary Fig.10). This result supports hypothesis 3, suggesting that
writing and state emergence are highly correlated. We find evidence
that the presence of writing encourages the emergence of states and
states encourage the emergence of writing. Furthermore, once states
are established, they are unlikely to lose writing, suggesting that it is
important for state maintenance.

Additional robustness checks

Theabove findings are based onan assumption of binary trait evolution
along the branches of a language phylogeny. One concern with this
approachisthatmorerecentunmodelled borrowing between lineages
could bias our rate estimates by causing the origins of several traits to
bereconstructed too deepinthe global tree. For example, grain, state-
hood and writing are widespread across many of the Indo-European
ethnolinguistic groups in our sample (Fig. 1 and Supplementary
Fig.1), butthis probably reflects amix of vertical inheritance and more
recentborrowing, rather than simple inheritance of these traits froma
Proto-Indo-European ancestor. Defenders of phylogenetic comparative

methods note that such borrowing events can themselves provide
insight into the sequence of trait evolution within societies” and that
the methods are robust to realistic levels of borrowing, consistently
outperforming conventional regression approaches®. Nevertheless,
the reliability of inferences in any given case is likely to depend on a
combinationoffactors, including the rate at which traits are borrowed,
their degree of coupling, rates of extinction and sample size.

Toincorporate additional historical knowledge into our analyses
and to evaluate the robustness of our findings to model misspeci-
fication due to more recent borrowing, we repeated each analysis
constraining the value of traits at the root of the ten largest language
families. When all traits were constrained to be absent at the root of
each family, consistent with the assumption that they emerged more
recently within each family, we found similar support for correlated
evolution to our initial analyses (Supplementary Table 5), with only
the correlation for taxation and writing reducing from very strong
evidence (BF 0f 19.90) to strong evidence (BF of 9.15). There was no
changeinthe patternoftransition rate results reported (Supplemen-
tary Table 6). Of all the variables we considered, only grain may have
already emerged at the root of several of the major global language
families®. We therefore also reran the two analyses that included
grain as a variable, allowing grain to be absent or present at each
language family root, while the other binary variable was constrained
tobeabsent. Inthe grain/state analysis, there was again no change to
the results reported with correlation (BF of 23.73) very similar to the
unconstrained model (BF 0f22.59). In the grain/tax analysis, the sup-
portforcorrelationbetween the traits showed only weak evidence (BF
of 1.41), lower than the positive evidence in the unconstrained model
(BF of 3.38) and the model constrained to both traits absent (BF of
2.79).Inboth cases, the pattern of transition rates remained the same
(Supplementary Table 6).

Overall, these analyses give additional support to our mainresults,
suggestingthat, althoughseveral of the traits we investigate may reflect
more recent borrowing, our findings are relatively robust to uncer-
tainty deeper in the phylogeny.

Discussion

Inthisstudy, we have tested anumber of hypotheses for the emergence
of statesacross human history. This is part of awider debate about the
movement from small-scale to large-scale complexsocieties, but here,
we focus on the move to centralized bureaucratic states that can have
widely differing populationsizes*. The hypotheses for the emergence
ofthe stateinclude: theintensification of agriculture, which provides
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Fig. 5| Correlated evolution between grain agriculture and the emergence of
states. Thereisa very strong correlated evolution (BF 0f 22.59), with a positive

g, rate, but azero gy, rate, suggesting the shift to grain agriculture consistently
predicts the emergence of states. The width of each arrow is equivalent to the rate
of change between the state of the traits.
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asurplus®’; the taxation potential of cereal grain®***; and the adoption

of writing to record tax and enable and maintain states®'° "

This study uses phylogenetic methods to test these hypotheses
for state formation on a global scale. The recent development of
global language phylogenies?** makes it possible to use large cultural
datasets such as the EA” and the SCCS™ while accounting for the
shared histories of cultures in cross-cultural studies™. Supporting the
need for such an approach and the use of language phylogenies as a
plausible model of trait inheritance, all of the variables in our study
show evidence of phylogenetic signal. However, variation among the
traits in our study is not perfectly captured by the language phylog-
eny—the Purvis D scores differed significantly from that expected
under a strict Brownian diffusion model of trait evolution along the
branches of the tree. We therefore acknowledge that other, as yet
unmodelled processes, such as environmental factors, are also at
work and stress that our findings should be interpreted as contribut-
ing towider literature on the origins of statehood rather than offering
the last word.

The first hypothesis tested argues that it was the intensification
of agriculture, specifically the use of fertilization or crop rotation to
reduce fallow periods and irrigation, which enabled a surplus to be
produced that was used to form states*°. Our results indicate that
the use of intensive agriculture was indeed tightly coupled with the
emergence of states worldwide. However, our findings suggest that
although the presence of intensive agriculture makes the emergence
of states slightly more likely, it is the inverse causal direction that
is the stronger relationship, with the presence of states making the
use of intensive agriculture much more likely. This result supports a
previous study® using phylogenetic methods to show that political
complexity was more likely to have driven intensive agriculture than
to be a result of it across Austronesian societies. We also found that,
among societies that had adopted intensive agriculture, states were
much less likely to lose the practice than non-states, suggesting that
states may nevertheless have played an important role in the trend
towards increasing agricultural intensification.

The emergence of states due to the taxable potential of cereal
grains was the second hypothesis we tested. It is argued that grain is
particularly good for taxation due to the use of fixed fields and because
grain grows above ground, ripens at predictable times and can be
stored for very long periods®. Our analyses indicate strong support
for correlated evolution between the adoption of cereal grains as the
maincrop bysocieties and the emergence of states. Furthermore, our
analyses suggest that states were very unlikely to emerge in societies
without grain production, whereas states were very likely to emerge
insocieties with cereal grains as their main crop. This result supports
those of a previous study’ using similar data, suggesting that it was
the appropriability of grain that led to state formation. The advan-
tage of the phylogenetic methods we deployed here is that we were
able to both account for the non-independence of societies due to
sharedlanguage ancestry and also suggest the direction of causation,
contingent on evolution along the branches of a posterior distribu-
tion of plausible global language relationships”. For comparison, we
also tested the hypothesis that it was non-grains, such as vegetables,
tree fruit, roots and tubers, that resulted in the formation of states
worldwide. The results again indicated strong correlated evolution
between non-grain agriculture and state formation but suggest that
once formed, states were much more likely to lose non-grain crops
than non-states.

Inour dataset, there were a few states without grain, of which most
had roots or tubers as the main crop. Most of these small states were
in tropical Africa. This finding emphasizes the potential for regional
variation in state formation, perhaps linked to the role of unmod-
elled environmental contingencies. For example, environmental fac-
tors may have reduced the payoffs of grain for states in Sub-Saharan
Africa.Indeed, whenrestricting our analysis to only the Atlantic-Congo

language family of Sub-Saharan Africa, we found no evidence of corre-
lated evolution between grain and the emergence of states, consistent
with the suggestion that environmental factors play animportant role’.
Future work may be able to formally model these effects.

Nevertheless, our findings support a connection between the
production of cereal grains and the emergence of states outside
Sub-Saharan Africa. The proposed mechanism for this is that grain
is ideal for taxation purposes®>*. Our results also support this argu-
ment, although our analysis of taxation datais less robust because it is
based onamuchsmaller dataset. Grain production and taxation show
positively correlated evolution worldwide. Furthermore, our findings
suggest taxation was less likely to arise in societies without grain pro-
ductionand more likely in those with grain production.

The third hypothesis we tested was the role of writing in the
emergence of states via its importance for recording taxation. Tax-
ation requires a trustworthy method of recording taxes, and once
states have emerged, writing has been argued to be essential for their
maintenance®'°, Our results indicate that the adoption of writing
is,indeed, strongly correlated with both taxation and the emergence
of states. We found writing was very unlikely to be adopted in socie-
ties that do not raise taxes but very likely in societies that do. States
did emerge in societies without writing but were much more likely
to emerge in societies with writing. Furthermore, once states have
emerged, we found they were very unlikely to lose writing. These results
support previous studies'" using the same dataset. However, we are
ableto show that therelationship holds when accounting for the com-
mon linguistic ancestry of societies and that the hypothesized relative
timing of trait change is also supported under our model. Again, these
results are based on the smaller sample size of the SCCS, with taxation
being a particularly small dataset.

Drawing strong inferences about human prehistory is an inher-
ently challenging task, particularly when it comes to establishing
causal relationships between complex phenomena such as modes of
agricultural production and statehood. With thisin mind, we want to
emphasize that the findings we have presented here are contingent on
thereliability of the available cross-cultural data, and on the assump-
tions of our model, most notably the extent to which binary trait
evolution along the branches of alanguage phylogeny isan accurate
description of the processes at work. The model we deploy is, like
any model, a simplification and does not, for example, explicitly
incorporate horizontal transmission or the role of environmental
factorsin constraining or canalizing social evolution. Nevertheless,
there are good reasons to hold our findings credible. The consistent
phylogenetic signal in the data we consider suggests a phylogenetic
model is a reasonable approximation and an important extension
on prior work that has not sought to model historical dependencies
between societies. To the extent that our data reflect a more recent
borrowing of traits, such events are themselves a legitimate source of
change down cultural lineages" and the methods we deploy have been
shown toberobust torealistic levels of borrowing, outperforming the
conventional regression techniques used in prior work®*. Moreover,
our findings incorporate considerable phylogenetic uncertainty
across a posterior distribution of global language trees, suggest-
ing that our inferences are not sensitive to a specific language tree
topology, particularly for deeper relationships in the tree, where
phylogenetic uncertainty is greatest. Inaddition, when we constrain
ancestral states of major language families to incorporate historical
knowledge consistent with amore recent spread of traits, our infer-
ences are also unaffected.

Together, then, the overall pattern of results we present shows a
clear concordance with and support for a newly emerging picture of
the origin of states across the world. Namely, that it was not the surplus
production of agricultural intensification but the taxable nature of
cereal grains that led to both the emergence of states and the adop-
tion of writing.
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Methods

The variables used were as follows:

(1) Jurisdictional hierarchy beyond the local community (EA033
and SCCS237): (1) autonomous bands (no levels), (2) petty
chiefdoms (one level), (3) larger chiefdoms (two levels),

(4) small states (three levels) and (5) large states (four levels).
Here, states include both small and large states, with at least
three jurisdictional levels above the local community.

(2) Agriculture: intensity (EA028), with intensive agriculture
defined as using fertilization, crop rotation or other techniques
to shorten or eliminate the fallow period and irrigation.

(3) Agriculture: major crop type (EA029 and SCCS233), cereal grain.
Non-grain was defined as vegetables, tree fruit, roots and tubers.

(4) Taxation paid to community (SCCS784), regular taxes™.

(5) Writing and records (SCCS149), true writing, with or without
records”.

The variables were made binary to test the three hypotheses
directly (see Supplementary Table 1 for further detail on variables
used and the criteria used for binary coding).

Phylogeny

Therelationships between the world’s languages, particularly deeper
macro-relationships between established families, and the timing of
diversification events, are highly contentious. Acommon response to
this has been to avoid global phylogenetic analyses altogether or to
use crude proxies for ancestry such as language family membership
to attempt to control for non-independence and model change. Here,
we take a different approach, using a newly available Bayesian poste-
rior treeset representing a global super tree of the worlds’ languages
developed by Bouckaert and colleagues®. The treeset has been used
in a number of studies®>’, and the posterior distribution and code
used to generate it are available*’. The supertree was pruned to the
cultures included in the EA and the SCCS using Phytools in R*.. This
posterior treeset of 1,000 trees is derived from prior information on
what is known about the sequence and timing of the breakup of the
world’s languages, including specifying the considerable uncertainty
inbranchlengths and tree topology. This provides a principled statis-
tical framework for modelling cultural evolution on the global tree,
while integrating out phylogenetic uncertainty from our inferences.

Analyses

The correlated evolution analyses were conducted using the Dis-
crete model in BayesTraits V3.0.5, using a reverse-jump hyperprior
approach with an exponential hyperprior (0-1.0), allowing the priors
to be estimated from the data®. Models were run for 110,000,000
iterations with the first 10,000,000 iterations discarded as burn-in.
This approach estimates support for correlated evolution using a
stepping-stone sampler method* to calculate the log BF for the likeli-
hood of the dependent model over the independent model. Log BF
values were calculated such that <2 shows weak evidence, >2 positive
evidence, 5-10 strong evidence and >10 very strong evidence™.

Transition rate matrices

The model results also show the level of support for the transition rates
between the two states of the two variables in terms of the mean rate
and the percentage of model iterations that show a transition rate of
zero’®. Therate matrix figures show the eight transitions between the
two states of the two traits. Each transition rate (for example, g,,) has
the meanrate across the modeliterations and the percentage of itera-
tions witha zero rate (for example, Z=50%).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The datausedinthese analyses are taken from the EA® and the SCCS", a
subset 0f 186 cultures fromthe EA, downloaded (September 2022) from
the public database D-Place®. The maps throughout this paper were
generated using ArcGIS Pro 3.5.3 and ESRI's World Terrain Reference.
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Describe the software used to collect and analyze the ChlP-seq data. For custom code that has been deposited into a community
repository, provide accession details.

Plots
Confirm that:

|:| The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|:| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

|:| All plots are contour plots with outliers or pseudocolor plots.

|:| A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation
Instrument

Software

Describe the sample preparation, detailing the biological source of the cells and any tissue processing steps used.

Identify the instrument used for data collection, specifying make and model number.

Describe the software used to collect and analyze the flow cytometry data. For custom code that has been deposited into a
community repository, provide accession details.
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Cell population abundance Describe the abundance of the relevant cell populations within post-sort fractions, providing details on the purity of the
samples and how it was determined.

Gating strategy Describe the gating strategy used for all relevant experiments, specifying the preliminary FSC/SSC gates of the starting cell
population, indicating where boundaries between "positive" and "negative" staining cell populations are defined.

|:| Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.

Magnetic resonance imaging

Experimental design

Design type Indicate task or resting state; event-related or block design.

Design specifications Specify the number of blocks, trials or experimental units per session and/or subject, and specify the length of each trial
or block (if trials are blocked) and interval between trials.

Behavioral performance measures  State number and/or type of variables recorded (e.q. correct button press, response time) and what statistics were used
to establish that the subjects were performing the task as expected (e.g. mean, range, and/or standard deviation across

subjects).
Acquisition

Imaging type(s) Specify: functional, structural, diffusion, perfusion.

Field strength Specify in Tesla

Sequence & imaging parameters Specify the pulse sequence type (gradient echo, spin echo, etc.), imaging type (EPI, spiral, etc.), field of view, matrix size,
slice thickness, orientation and TE/TR/flip angle.

Area of acquisition State whether a whole brain scan was used OR define the area of acquisition, describing how the region was determined.

Diffusion MRI [ ] Used [ ] Not used

Preprocessing

Preprocessing software Provide detail on software version and revision number and on specific parameters (model/functions, brain extraction,
segmentation, smoothing kernel size, etc.).

Normalization If data were normalized/standardized, describe the approach(es): specify linear or non-linear and define image types used for
transformation OR indicate that data were not normalized and explain rationale for lack of normalization.

Normalization template Describe the template used for normalization/transformation, specifying subject space or group standardized space (e.g.
original Talairach, MNI305, ICBM152) OR indicate that the data were not normalized.

Noise and artifact removal Describe your procedure(s) for artifact and structured noise removal, specifying motion parameters, tissue signals and
physiological signals (heart rate, respiration).

Volume censoring Define your software and/or method and criteria for volume censoring, and state the extent of such censoring.

Statistical modeling & inference

Model type and settings Specify type (mass univariate, multivariate, RSA, predictive, etc.) and describe essential details of the model at the first and
second levels (e.g. fixed, random or mixed effects; drift or auto-correlation).

Effect(s) tested Define precise effect in terms of the task or stimulus conditions instead of psychological concepts and indicate whether
ANOVA or factorial designs were used.

Specify type of analysis: [ | whole brain || ROI-based | | Both

Statistic type for inference Specify voxel-wise or cluster-wise and report all relevant parameters for cluster-wise methods.

(See Eklund et al. 2016)

Correction Describe the type of correction and how it is obtained for multiple comparisons (e.g. FWE, FDR, permutation or Monte Carlo).
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Models & analysis

n/a | Involved in the study
|:| |:| Functional and/or effective connectivity

|:| |:| Graph analysis

|:| |:| Multivariate modeling or predictive analysis

Functional and/or effective connectivity Report the measures of dependence used and the model details (e.g. Pearson correlation, partial correlation,
mutual information).

Graph analysis Report the dependent variable and connectivity measure, specifying weighted graph or binarized graph,
subject- or group-level, and the global and/or node summaries used (e.g. clustering coefficient, efficiency,
etc.).

Multivariate modeling and predictive analysis Specify independent variables, features extraction and dimension reduction, model, training and evaluation
metrics.
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