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The historical ecology of the world’s largest 
tropical country uniquely chronicled by 
its municipal coat-of-arms symbology
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Abstract: Coats-of-arms representing municipal counties express local patterns of 
rural economics, natural resource and land use, features of the natural capital, and 
the cultural heritage of either aborigines or colonists. We reconstruct the subnational 
economic and political timeline of the world’s largest tropical country using municipal 
coats-of-arms to reinterpret Brazil’s historical ecology. We assessed all natural resource, 
biophysical, agricultural, and ethnocultural elements of 5,197 coats-of-arms (93.3%) 
distributed throughout Brazil. We extracted socioenvironmental co-variables for any 
municipality to understand and predict the relationships between social inequality, 
environmental degradation, and the historical ecology symbology. We analyzed data via 
ecological networks and structural equation models. Our results show that the portfolio 
of political-administrative symbology in coats-of-arms is an underutilized tool to 
understand the history of colonization frontiers. Although Brazil is arguably Earth’s most 
species-rich country, generations of political leaders have historically failed to celebrate 
this biodiversity, instead prioritizing a symbology depicted by icons of frontier conquest 
and key natural resources. Brazilian historical ecology reflects the relentless depletion 
of the natural resource capital while ignoring profound social inequalities. Degradation 
of natural ecosystems is widespread in Brazilian economy, reflecting a legacy of boom-
and-bust rural development that so far has failed to deliver sustainable socioeconomic 
prosperity. 
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INTRODUCTION
Brazil is arguably Earth’s most biodiverse 
country, harboring the largest set of known and 
unknown species (Moura & Jetz 2021). Natural 
vegetation remnants distributed across diverse 
ecosystems span 60% of its territory (Oliveira 
et al. 2017), which includes dense tropical 
rainforests, dry forests, wetlands, wooded 
savannas, and grasslands (Mittermeier et al. 
1997, Soares-Filho et al. 2014). Since colonial 
times, however, Brazil has been gradually 
consolidated into an agricultural country 
(McNeill 1986). Intensification of agricultural 

practices and land ownership concentrated on 
few large landholdings resulted in the chronic 
devastation of Brazil’s natural resources, 
especially over the last 60 years with the onset of 
modern mechanization and fertilizers (Navarro 
et al. 2021). Despite the high environmental cost, 
this model of exploitation elevated Brazil to one 
of the 10 largest economies (Polaski et al. 2009, 
Muller & Muller 2014), while also simultaneously 
creating one of the world’s most unequal nations 
(Beghin 2008, Goés & Karpowick 2017).

Brazil’s history and ecology is thousands 
of years old prior to these modern events. 
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Paleoindians have occupied the Brazilian 
territory for millennia before European 
settlement (Goebel et al. 2008). Hundreds of 
well-stablished sedentary ancient indigenous 
societies occupied Brazil for at least 3,500 years 
before present (ybp; Mann 2006). By historically 
managing natural resources, these multiple 
ethnicities exerted — and still do — a strong 
relationship with their landscapes and ecological 
elements (Clement & Junqueira 2010, Begotti & 
Peres 2020). Many ecological elements, including 
apex carnivores, are a strong symbol of ancient 
Amerindian power and values (Saunders 1998), 
which remains traditional in their societies 
via oral history. Archeological sites in Brazil 
reveals the vastness of relationships of both 
paleo-indigenous and pre-historic humans with 
multiple ecological elements. For instance, in 
the Serra da Capivara National Park (Piauí, Brazil) 
rock paintings containing faunistic elements 
were dated from 22,000 to 3,500 ybp (Lahayea 
et al. 2013). Meanwhile in Southern Brazil, some 
ethnic groups (Kaingang and Xokleng) cultivated 
araucaria seeds (Pinhão) for food and religious 
rituals centuries before colonization (Reis et al. 
2014).

Post-Columbian Brazil’s historical and 
political ecology begins in the early 16th 
century, with the arrival of a Portuguese fleet 
led by Pedro Álvares Cabral, followed by the 
foundation of the first coastal municipalities 
in the 1530s. Most of Brazil’s post-“discovery” 
history has been told at the regional scale, while 
ignoring local historical perspectives. Natural 
resource exploitation of the Brazilian territory 
by European settlers begun in coastal regions 
with timber extraction, mainly Brazil-wood 
(Paubrasilia echinate (Lam.) Gagnon, H. C. Lima 
& G. P. Lewis) — which is known as the “Brazil-
wood cycle”. Consequently, the first Brazilian 
municipalities (e.g. São Vincente, Olinda, 
Recife, and Vila Velha) were established in the 

1530s along the eastern coastline (Dean 1996). 
The extractivism economic model gradually 
changed into agricultural practices, which were 
concentrated in inland plateaus (McNeill 1986). 
This was followed by the implementation of 
“Hereditary Captaincies” by the Portuguese 
Crown. This arrangement was a highly unequal 
system of agrarian distribution and resource 
exploitation based on geopolitical subdivisions 
of the Brazilian territory (Burns 1993). Although 
lasting only 16 years, the legacy of hereditary 
captaincy practices left profound geopolitical, 
social, and environmental scars that still can be 
witnessed today (Fausto 1994, Cintra 2013). For 
example, after Brazil’s independence in 1822, 
massive deforestation and land degradation 
occurred over the subsequent decades. Rapid 
post-independence population growth — 
alongside the consolidation of the sugarcane, 
coffee, and cacao agricultural cycles — led to 
overwhelming natural vegetation loss (Leal & 
Câmara 2003). 

Other historical events were noteworthy 
in terms of the territorial expansion of what is 
now Brazil. As an embryonic would-be nation-
state Brazil pushed farther west through the 
“Sesmarias” system, the cattle conquest of 
western portions of Hereditary Captaincies, 
the advances of the Jesuit missionaries, 
the Bandeirantes conquest of the interior 
hinterlands, the consolidation of mining routes, 
and most recently the Agribusiness expansion 
into central and northern Brazil (Burns 1993, Dean 
1996, Fausto 1994). The European “conquest” 
through the Hereditary Captaincies and 
Sesmarias systems, the Jesuit and Bandeirantes 
missions, the modern frontier expansion, in 
addition to overexploiting natural resources, 
decimated indigenous peoples (McNeill 1986, 
Dean 1996). Before European arrival, ca. 3.5 
million indigenous people lived in Brazil (Burns 
1993). Currently, indigenous peoples have 



JULIANO A. BOGONI et al. TRACING BRAZIL’S HISTORICAL ECOLOGY

An Acad Bras Cienc (2023) 95(Suppl. 2) e20220746 3 | 21 

declined by >90%, in the aftermath of centuries 
of persecution, slavery and disease transmission 
(Dean 1996). Some cultures were completely 
extirpated, and with them, all of their ecological 
history and resource use systems (Dean, 1996). 
Others still persist under mounting pressure 
from multiple threats across all Brazilian biomes 
(Begotti & Peres 2020).

During most of Brazil’s history, the Atlantic 
Forest and Caatinga biomes were the most 
detrimentally affected by the colonization 
and occupation processes. Currently these 
biomes experience poor urban planning and 
overcrowded settlements in highly disturbed 
landscapes. The Atlantic Forest encompasses 
~17% of Brazil’s territory but holds 70% of the 
Brazilian population (~147 million people), 
further aggravating the pressures on wildlife 
(Canale et al. 2012). Covering almost 10% of 
the national territory, the Caatinga harbors 
~15% of the Brazilian population (~31.5 million 
people), and was initially occupied during the 
colonization period when large cattle ranches 
and subsistence agriculture were established 
mainly along major rivers (da Silva et al. 2017).

The Cerrado spans 23% of the Brazilian 
territory and has largely succumbed to 
agricultural conversion in the last few decades. 
The strong recent pressure posed by the 
agri-business industry has led to wholesale 
conversion of over 45% of all natural areas into 
croplands and cattle pastures (Klink & Moreira 
2002, Projeto MapBiomas 2020). Coupled with high 
levels of endemism, this rapid process of land-
use change has led to high levels of threatened 
species in both the flora and fauna (Myers et 
al. 2000, Cavalcanti & Joly 2002). The Pampa 
biome, located in southernmost Brazil, has also 
experienced high rates of land-use change since 
the 1970s (Projeto MapBiomas 2020). In contrast, 
the Amazon and Pantanal biomes retain over 
80% of their native vegetation cover (Projeto 

MapBiomas 2020). This difference is related to 
the more recent history of exploitation, poor 
physical access, and low human density (Tritsch 
& Le Tourneau 2016). The first Amazonian 
municipality was established in 1571 (Tutóia, 
coastal Maranhão), and most counties in 
Amazonia (83%) were not emancipated until 
after the 1900s (Instituto Brasileiro de Geografia 
e Estatística [IBGE] 2016). Amazonia contains 
few but large municipal counties (497; 8.9% of 
Brazilian municipalities), many of which larger 
than several European countries (> 100,000 
km2; e.g., Barcelos, Amazonas and Altamira, 
Pará) (IBGE 2016). European colonization of the 
Pantanal started in the early 16th century for 
cattle ranching, which is still the main economic 
activity of this macroregion. Most of the agrarian 
occupation of the Pantanal was carried out by 
very large private ranches, which account for 95% 
of this biome (Zimmermann et al. 2005), which 
explains the creation of few municipalities.

The overall process of human occupation 
across Brazil has intensified since the 1950s after 
the last major industrialization process, known 
as “The Great Acceleration” (Steffen et al. 2015). 
This paradigm shift deflected the focus from 
local environmental knowledge and human-
environment relationships, leading to rapidly 
growing globalization and later the rise of the 
environmental crisis (Alexiades 2003, Steffen 
et al. 2015). From colonization to globalization, 
cultural and social differences have become 
ever more profound. Inevitably, these issues 
have prompted conflicts of interest between 
distinct sets of stakeholders directly connected 
to land stewardship, whereby private interest 
sought the privatization of public resources, and 
local subsistence communities — who had long 
held traditional sociocultural relationships with 
the land they occupied — were marginalized 
and brushed-aside as obstacles to national 
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development (Alexiades 2003, Reyes-Garcia et 
al. 2013).

Anthropogenic forces promote the historical 
reorganization and (re)construction of spaces 
wherever humans have settled (Bird et al. 2008). 
Yet, municipalities within Brazilian biomes 
— from the most to the least exploited — are 
largely faithful to the ancestral tradition of 
their foundational coat-of-arms (e.g. Berg 
2015). A coat-of-arms is a visual scheme on an 
escutcheon, forming the central element of the 
full heraldic achievement that in its entirety 
entails armour, supporters, or historic items 
(Fox-Davies 2012). The creation and use of coats-
of-arms harks back to the European aristocracy 
of the 12th century and, beyond personal or 
familyhood symbols, they are currently used 
as representations of administrative sectors, 
including states, provinces, and municipalities 
(Fox-Davies 2012). Coats-of-arms are symbolic 
of local self-affirmation, often engraved in 
official documents, public buildings, and 
vehicles, and can be viewed by millions of 
people (Cascudo 1956, Canto 2018). The creation 
of Brazilian municipal coat-of-arms is usually 
rubber-stamped a few years after political 
emancipation (i.e. dates of official decrees). In 
general, municipal laws are created to establish 
the coat-of-arms, and be used to help with 
its interpretation. Coat-of-arms are usually 
projected to represent the prevailing natural, 
agricultural, and/or ethnocultural elements 
of new jurisdictions, and can often be used to 
identify their occupants (Berg 2009, Fox-Davies 
2012). Given that most the historical ecology of 
Brazil was never documented or is unavailable, 
municipal heraldic symbols can be a powerful 
and unexplored tool to provide a spatiotemporal 
mosaic of the historical ecology and land use at 
a manageable spatial scale. 

To our knowledge, no other study anywhere 
has explored the entire graphic information 

on the historical ecology contained in the 
municipal coats-of-arms. Here, we assessed 
all 5,570 Brazilian municipal coats-of-arms 
to identify their explicit natural, agricultural, 
and ethnocultural elements (Fig. 1), illustrate 
prevailing regional differences, and build a 
timeline of this historical symbology throughout 
Brazil. We further predict the variation in 
modern socioenvironmental metrics based 
on the historical ecology contained in county-
level coats-of-arms. We hypothesize that: (i) the 
relationships with the land, rural economy, and 
the natural history of municipal-counties have 
been lost over time, the latter represented by 
a biased reference to economically important 
native species compared to natural elements 
that did not yield local revenues; (ii) there is 
a clear spatiotemporal separation between 
the historical ecology rooted in the past and 
the modern land-based economy and current 
diversity of natural resources; and (iii) the 
historical ecology contained in the coats-of-
arms is a strong predictor of contemporary 
social inequality and environmental degradation 
throughout the country.

MATERIALS AND METHODS
Coat-of-arm elements and municipal- level co-
-variables
From 2019 to 2020, we searched online (using 
Google search) for the coats-of-arms of all 
5,570 Brazilian municipalities and systematically 
noted all explicit elements of native fauna 
(e.g., jaguar, tapir, whales, hummingbirds), flora 
(e.g., palm  fruits, araucaria trees), natural 
resource use (e.g., timber extraction, mining, 
rubber tapping), agricultural practices (e.g., 
manual and mechanized techniques), common 
crops (e.g., coffee, sugar cane, maze, manioc, 
grape), livestock (e.g., swine, cattle, and sheep), 
landscapes (e.g., rivers, lagoons, coastlines), 
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traditional indigenous, Afrobrazilian, rubber 
tapping, and fisheries communities and their 
representative elements, forest representation 
(e.g., an explicit set of trees), solitary unidentified 
trees, and other pictorial natural or cultural 
elements that could be visually identified (Fig. 
1). We also used information on county-level 
nomenclature and consulted their specific 
legislation concerning coats-of-arms whenever 
necessary to help identify the elements they 
depicted. For coats-of-arms depicted by more 
than one version, we jointly considered the 
elements in all versions. The coats-of-arms of 
Brazilian municipalities were jointly analised 
by H. Concone, V. Carvalho-Rocha and J. Bogoni, 

under J. Bogoni’s leadership, who determined 
identifications of graphic elements.

We then aggregated these natural, 
agricultural, and ethnocultural elements 
(Supplementary Material - Table SI) into six 
major functional groups, from resource use to the 
celebration of native elements lacking any direct 
reference to economic activities to facilitate a 
concise analytical approach. These symbology 
groupings were (1) natural resource use (e.g., 
commercially-valuable trees, mining, fishing); 
(2) agriculture (e.g., crop cultivars, mechanized 
agriculture); (3) livestock (e.g., cattle and swine); 
(4) ethnic elements (e.g., indigenous); (5) wild 
vertebrate fauna (i.e., all species identified as 
native vertebrates); and (6) invertebrate fauna. 

Figure 1. Examples of how we 
extracted information from 
coats-of-arms representing 
each of 5,197 municipal counties 
(93.3%) throughout Brazil. (a) 
Santa Izabel do Oeste (Paraná 
state), (b) Jericó (Paraíba state), 
(c) Goianésia (Goiás state), (d) 
Pinto Bandeira (Rio Grande 
do Sul state), (e) Carauari 
(Amazonas state), and (f) 
Ipumirim (Santa Catarina state).



JULIANO A. BOGONI et al. TRACING BRAZIL’S HISTORICAL ECOLOGY

An Acad Bras Cienc (2023) 95(Suppl. 2) e20220746 6 | 21 

We also noted the emancipation date of each 
municipality using the oldest date indicated in 
each coat-of-arms or by accessing official county 
webpages. Exotic elements to native biotas (e.g., 
lion, tiger) were identified and aggregated into a 
single group but were not considered in further 
data analyses. We took this approach given that 
large fierce carnivores are traditionally used to 
depict courage or nobility, rather than any clear 
relationship with wild nature or land-use across 
the country. These elements amounted to only 
2.3% of all elements found in the coat-of-arms 
symbology in this study (Table SI).

We also georeferenced each municipality, 
extracted the nearest linear distance to the 
East Coast (the “cradle” of colonial Brazil), and 
obtained their human population density (HPD; 
2010), human development index (HDI; 2013), 
and poverty index (POV; 2010; representing 
the proportion of individuals with per capita 
household monthly income ≤ US$ 27.41 dated from 
August-2010) based on the Brazilian Institute of 
Geography and Statistics (IBGE 2016) and Brazil’s 
Human Development Atlas (PNUD 2013). We used 
these three indices to represent municipal-scale 
socioeconomic metrics. Additionally, we used 
remote sensing information available in Projeto 
MapBiomas (2020) and extracted the municipal 
county area (km2; 2018) and the percentage of 
remaining native vegetation cover (NCR) in 2018. 
We also derived an index of native vegetation 
change (gain-loss, GLN) by comparing the area 
(km2) of native vegetation cover between the 
years 1985 and 2018, representing the longest 
timeline available in Projeto MapBiomas during 
the data acquisition process. These last two 
indices were used to represent municipal-scale 
environmental metrics.

Biome-based regionalization and Brazilian 
political periods

We regionalized our approach based on all 
major six Brazilian phytogeographic biomes: (1) 
Amazon; (2) Caatinga; (3) Cerrado; (4) Pantanal; 
(5) Atlantic Forest; and (6) Pampa. Further, we 
segmented the history expressed in each coat-
of-arms based on their respective Brazilian 
political eras: (1) Colonial: from 1500 to 1822; (2) 
Imperial: from 1823 to 1888; (3) Old-Republic: 
from 1889 to 1930; (4) Vargas era: from 1931 to 
1946; (5) Democratic period: from 1947 to 1963; (6) 
Military dictatorship: from 1964 to 1985; and (7) 
New-Republic: from 1986 to 2018 (Fausto 1994).

Data analysis
We first built several timelines that showed the 
first and last year any given element of each 
symbol group were depicted in county-level coat-
of-arms within each biome. We also depicted 
(1) the cumulative emergence of six symbology 
groups, and (2) the distance to Brazil’s East Coast 
in relation to the year of municipal decrees. 
Further, we used a network approach (Newman 
2004) to describe the spatiotemporal variation 
of symbology groupings. We conducted this 
network analysis by joining each biomes and 
their historical periods, and then disaggregating 
them into single biomes. Network analysis 
enables the visualization of prominent regional 
variation in Brazilian historical ecology across 
different time periods. By examining the 
topology and metrics of the network, we can 
effectively separate the component of historical 
ecology that is deeply rooted in the past from 
the contemporary land-based economy and 
present-day diversity of natural resources. Thus, 
grouped elements were summarized per biome 
and historical period, using the following three 
network metrics: (1) connectance; (2) modularity; 
and (3) nestedness (Boccaletti et al. 2006). 

Connectance — ranging from 0.0 to 1.0 
— represents the proportion of interactions 
observed describing the total number of 
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possibilities within biomes or historical-period 
interactions vs. their symbol groups (e.g., 
Boccaletti et al. 2006). Thus, a highly connected 
network expresses that all periods (or periods 
within biomes) have a good representativeness 
of coat-of-arms elements. Modularity (M) 
quantifies the propensity of the nodes to 
cluster into cohesive groups (Newman, 2004). 
For instance, network modularity increases if 
any period shows a more exclusive set of coat-
of-arms elements. Nestedness (N) represents 
the hierarchical shape of interactions (period vs. 
elements), in which less connected interactions 
form a subset of the most connected 
interactions, thus expressing structural 
fitting (Almeida-Neto et al. 2008). We used 
Newman’s approach (Newman 2004) to quantify 
modularity, by comparing the obtained M with 
1000 null distributions, created a priori, with a 
network degree ranging from 0.0 to the mean 
of the degree observed across all networks. We 
based significance level (p ≤ 0.05) on the ratio 
at which values equal to or larger than the 
observed M occur in the null M distributions 
(Bascompte et al. 2003). For nestedness, we 
used the NODF criteria (Almeida-Neto et al. 
2008). NODF ranges from 0.0, when the matrix is 
entirely non-nested, to 100, when the matrix is 
perfectly nested (Almeida-Neto et al. 2008). We 
also compared the N value of the network with 
the value generated by 1000 null distributions, 
adopting the same aforementioned criteria for 
M significance (Bascompte et al. 2003). Network 
analysis was performed using R 3.5.3 (R Core 
Team 2020) based on then bipartite R package 
(Dormann et al. 2008).

We used structural equation modeling (SEM; 
Grace 2006) to disentangle the interrelationship 
between social (HPD, HDI,  and POV), 
environmental (NCR and GLN), and the historical 
ecology contained in the coats-of-arms. To do 
so, we simultaneously modeled how the six 

symbology groupings depicted in the coats-of-
arms can predict the social and environmental 
metrics of Brazilian municipalities. To account 
for the co-influences between response 
variables, we also included in the model the co-
interrelationship between (i) HDI, POV, HPD, and 
NCR; (ii) NCR and GLN. In presenting our results, 
we calculated standardized path coefficients 
and the R2 of each response variable based on 
the proportion of explained predictor variance 
(Kamata & Bauer 2008, Shipley 2009). We 
performed the SEM analysis using the lavaan 
R package (Rosseel 2012) within the R 3.5.3 
platform (R Core Team 2020).

RESULTS
Timeline and overall trends
Brazilian municipal counties were created 
between 1531 and 2017, with a boom in the 1950s 
(Fig. 2a). The geographic distribution of these 
counties is clearly disproportionate, as most 
of them are distributed in heavily populated 
Brazilian states in the Atlantic Forest and 
Caatinga biomes (Fig. 2). For instance, there are 
2,775 counties across the Atlantic Forest (total 
area = 1,180,287 km2; 2.35 counties per 1000 
km2) and 1,082 in the Caatinga biome (823,094 
km2; 1.31 per 1000 km2). On the other hand, the 
Pantanal (153,884 km2; 0.10), Pampa (162,450 
km2; 0.68), Cerrado (1,986,473 km2; 0.55), and the 
Amazon biomes (4,206,177 km2; 0.12) collectively 
encompass only 1,713 counties (Fig. 2b). Human 
population density (HPD) across the Brazilian 
territory is also very skewed. The Pantanal (HPD 
= 9.2 ± 18.6 sd) and the Amazon (30.8 ± 157.8) are 
least populated according to the 2010 population 
census, or way below the national average (114.5 
persons/km2). In contrast, counties across the 
Atlantic Forest are most heavily settled (166.7 ± 
772.3 persons/km2).
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We classified and computed pictorial 
elements contained in 5,197 (93.3%) of the 
5,570 Brazilian municipal coats-of-arms. For 
the remaining 373 counties, we were unable 
to find coat-of-arms images, or they were in 
extremely low resolution (i.e. unreadable), 
rendering symbology classification unfeasible. 
Readable coats-of-arms yielded 15,273 symbols 
representing 197 distinct pictorial elements 
(Table SI). Agricultural cultivars (e.g. maze, 
coffee, wheat, sugarcane, cotton, soybean) and 
livestock (e.g. bovine cattle) were represented in 
43.7% of all symbols. In contrast, most depictions 
of wild fauna (vertebrates and invertebrates) 
appeared only once (Table SI). When symbols 
were grouped into categories, agriculture 
represented 48.6% of all occurrences, followed 
by natural resource extraction (30.5%), livestock 
(13.2%), native vertebrates (5.3%), ethnocultural 
elements (2.1%), and native invertebrates (0.4%).

Through the timeline reconstructed for each 
biome, we observed a long history of praising 
non-native elements of the countryside (i.e. 
cropland and livestock) since the 1650s. Starting 
in the 1530s, municipalities across the Atlantic 
Forest biome were the first to extol elements of 
frontier conquest such as agriculture, livestock, 
and natural resource extraction including gold 
and gemstone mining (Fig. 3). Surprisingly, 
municipalities in the Pantanal, the Brazilian 
biome most heavily occupied by livestock, only 
started depicting cattle ranching by the 1920s. 
Additionally, icons of native ethnic groups and 
invertebrates are conspicuously missing from 
municipal coats-of-arms in this biome (Fig. 3). 
Although vertebrate wildlife icons begin to appear 
in all-biomes coats-of-arms alongside those of 
other symbol groupings (e.g., agriculture), the 
degree to which they are depicted is very low 
(5.3%), six-fold less frequently than natural 

Figure 2. Spatial distribution of 
the 5,570 municipal-counties and 
cumulative dates of official decree 
(lower frame) since 1500 across 
the six major Brazilian biomes. 
Circles represent municipal counties 
colour-coded by biome. Black 
lines represent biome boundaries. 
The background (in grayscale) 
represents the elevation profile 
(obtained from NASA’s ASTER 
Project, available at https://
asterweb.jpl.nasa.gov/gdem.asp). 
The same colours are used in panels 
to highlight different biomes.

https://asterweb.jpl.nasa.gov/gdem.asp
https://asterweb.jpl.nasa.gov/gdem.asp
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resources (30.5%) (See details in Table SI). The 
cumulative timeline of emerging symbology was 
very disproportionate. While natural resources, 
agriculture and livestock amounted to14,086 
items, native ethnic groups, vertebrates and 
invertebrates icons accounted for only 916 items 
(15.4-fold fewer) (Fig. 4). Moreover, distance to 
Brazil’s East Coast in relation to the municipal-
county decree of creation reveal a highly clumped 
pattern, with the relatively recent emancipation 
(in the last 100-200 years) of the vast majority of 
counties far from the East Coast (Fig. 4).

Network metrics and predictive models
Considering all biomes combined over all 
historical periods, we detected a wide variation 
in network topology and their respective metrics. 

Overall, network connectance was high (C = 
0.82) and modularity was low (M = 0.07). Further, 
modularity was lower than that predicted by null 
distributions (Mnull = 0.13; p < 0.001). The overall 
network was highly nested (Nestedness = 68.8), 
contrary to the pattern of modularity, mainly 
due to the high concentration of agricultural 
cultivars, natural resources, and livestock 
symbols (Fig. 5a), although the value did not 
diverge significantly from the null distribution 
(Nnull = 67.7; p = 0.24). However, when biomes 
are considered separately, we observed a wide 
variation in network metrics. Following their 
rapid administrative emancipation, municipal 
counties in the Atlantic Forest, Caatinga and 
Cerrado biomes were strongly associated with 
agriculture in the democratic-period (1947 

Figure 3. Timeline of the six mutually exclusive groupings of symbols depicted in Brazilian municipal coats-of-
arms. Circles represent municipalities, and are colour-coded according to their years of creation (i.e. municipal 
decree) within the most widely accepted periods of Brazilian postcolonial history.
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– 1963). In contrast, local districts in Amazonia, 
the Pampa, and Pantanal biomes did not show 
marked references to agricultural elements 
until after the end of the military dictatorship 
(i.e. since 1986). Connectance across all biome 
networks was high (typically > 0.90) (Fig. 5b). The 
biome showing the highest modularity value was 
the Pantanal (M = 0.40; p < 0.01). Nestedness also 
was highly variable, ranging from 0.0 (Atlantic 
Forest) to 72.2 (Pampa), and all nestedness 
values were lower than expected by chance, 
except for the Pampa grasslands. 

Structural equation models showed that 
contemporary human density (HDI) and poverty 
(POV) values of Brazilian counties can be 
predicted by the historical ecology exhibited in 
their coats-of-arms (Fig. 6). An increase in the 
representation of livestock and wild vertebrate 
symbols indicate a slight decrease in HDI [-0.02; 
p = 0.04; -0.02; p < 0.01]. Similarly, a decrease in 
POV was indicated by an increase in agricultural 
symbols [-0.12; p < 0.01], while POV had a strong 

negative influence on HDI [-0.87; p < 0.01]. We 
also observed that remaining native vegetation 
cover (NCR) was positively related to extractive 
industries based on natural resources [0.16; 
p < 0.01], but negatively related to cropland 
agriculture [-0.20; p < 0.01]. As expected, native 
vegetation cover and human population density 
were negatively related [-0.09; p < 0.01] (Fig. 6). 
In summary, the pictorial history of municipal 
counties could explain 76%, 10%, and 3% of the 
variance in their modern human population 
density, degree of environmental intactness, 
and a measure of per capita wealth, respectively 
(Fig. 6; see all SEM estimates in Table SII).

DISCUSSION
Since the dawn of 18th century modern science, 
a growing interest in understanding human-
environment relationships has been shared 
by several academic disciplines, including 
theoretical and applied ecology (Szabó 2015). 

Figure 4. Cumulative symbology 
(log10-scaled) emerging from 
Brazilian municipal coats-
of-arms since the European 
conquest in the 1500s. In the 
upper frame, the distance (km) 
to Brazil’s East Coast in relation 
to the municipal-level political 
emancipation (i.e. decree of 
municipal creation).
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Our findings demonstrate a clear human-
environment linkages in postcolonial Brazilian 
history that are strongly emphasized by a 
settlement mentality dominated by frontier 
conquest of the hinterlands, including 
agricultural expansion at the expense of natural 
ecosystems. Brazil’s land use trajectories have 
been profoundly impacted by the Brazilwood, 
sugarcane, coffee, mining , and rubber 
exploitation cycles, and more recently by modern 
mechanized agriculture and industrialization. 
All these events culminated in still ongoing 
high deforestation rates and the decimation 
of Brazilian ethnic groups (McNeill 1986). 
Accordingly, our county-level results showed 
that Brazil continues to celebrate environmental 
devastation, while largely overlooking the 
intrinsic and economic value of its natural 
heritage. Furthermore, the elements of this 
development paradigm were strong predictors 

of modern land use change that was also co-
related with social inequality right across the 
Brazilian territory. 

In particular, our results showed that 
cropland and grazeland agriculture, and natural 
resource use represented the vast majority 
(92.2%) of heraldic elements in municipal coats-
of-arms. In contrast, wild vertebrates (5.3%), 
ethnic elements (2.1%), and invertebrates (0.4%) 
were rarely depicted, and increasingly rarefied 
along the historical timeline. These were 
also absent in individual biomes, such as the 
Pantanal wetlands and the Pampa grasslands, 
if we exclude the transitional location of 
municipal counties straddling those biomes. 
Similar results were observed in an earlier 
study concerning the avifauna representation 
in Brazilian municipal coats-of-arms. This 
study showed that bird species were explicitly 
depicted only a few times, appearing in only 

Figure 5. Results of 
network analysis 
between historical 
periods and symbol 
groupings considering 
all municipal level coat-
of-arms considered here. 
(a) Bipartite network 
between biome-historical-
period and cropland 
agriculture, extractive 
resource use, livestock, 
ethnic, vertebrate, and 
invertebrate symbol 
groups. (b) Same approach 
as A but considering each 
biome-historical-period 
separately. Network 
elements in a and b are 
colour-coded according 
to biomes in the left, 
and symbol groups in 
the right, respectively. 
C: connectance; M: 
modularity; N: nestedness.
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5.1% of the emblems (Canto 2018). In absolute 
values, we recorded only 806 symbols depicting 
wild vertebrates across the 5,197 coats-of-arms 
examined here (15.5%), representing at least 79 
distinct species. This value is trivial considering 
the species richness of Brazil’s known vertebrate 
fauna (> 8,200 species), and their value in 
terms of endemic species, endemism centers, 
and biodiversity hotspots (Myers et al. 2000). 
In contrast, this analysis yielded 2,013 pictorial 
symbols of all domesticated vertebrate species 
combined as shown by 1,727 coat-of-arms, 
amounting to a 33.3% incidence rate. Brazil is 
now the world’s largest bovine beef exporter 
and pictorial references to bovine cattle alone 
appeared 1,595 times (30.7%). This harks back to 
notions that the Brazilian interior hinterlands 
were colonized under the hooves of cattle 

(Medrado 2018). Moreover, our results show that 
there were two notable events in the 1900s: 
(1) agriculture overcame natural resources in 
terms of local representation across Brazil; and 
(2) municipal counties far away from the east 
coastline began to be rapidly created. A total 
of 92.8% (N = 4,822) of municipal counties carry 
some historical brand of territorial conquest (i.e. 
natural resources, agriculture and/or livestock), 
whereas only 17.6% (N = 916) depict some 
allusion to ethnic and/or biodiversity icons.

The discrepancy found in the prevailing 
record of development “progress” (i.e., key 
crops, animal husbandry, and natural resource 
extraction), rather than elements of the natural 
capital (e.g., natural monuments, native plants, 
vertebrates and invertebrates) was reflected 
in the observed high nestedness values 

Figure 6. Structured Equation 
Model (SEM) used to predict 
socioenvironmental variables 
(human development index [HDI], 
poverty [POV], and the remaining 
native vegetation cover [NCR]) based 
on symbol groupings present in 
municipal coats-of-arms and other 
socioenvironmental co-variables. 
Acronyms of predictive variables 
are: NRU – natural resource use; AGR 
– agriculture; LIV – livestock; ETH – 
ethnic elements; VER – vertebrates; 
INV – invertebrates; HPD – human 
population density; and GLN – 
gain or loss of native vegetation 
cover from 1985 to 2018. Only 
significant (p < 0.05) SEM pathways 
are depicted. Variables associated 
with uninformative pathways were 
removed for better visualization. 
Positive and negative effects are 
highlighted in green and orange, 
respectively.
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(68.8%). This pattern reveals that an increase 
in the creation and emancipation of new 
municipalities — mainly since the Old-Republic 
era — was followed by rapid development of 
often predatory environmental exploitation 
that culminated in accelerated rates of habitat 
change. Icons of agriculture were particularly 
enshrined since the Military and New-Republic 
era (37.8% of all symbols from 1964 to 2018). 
Since 1964, road building, cattle ranching and 
cropland expansion have massively encroached 
upon Amazonian forests (specifically in the 
states of Rondônia, Mato Grosso, and Pará), in 
contrast to more sustainable patterns of natural 
resource use which still dominate nontimber 
extractive livelihoods along Amazonian rivers. 
On the other hand, and according to our 
expectations, wild vertebrate symbols showed 
two peaks spanning the historical periods: (i) 
during the Colonial and Imperial eras (from 1500 
to 1889; 30.8% of the total); and (ii) reappearing 
only a century later, during the New-Republic 
era (from 1986 to 2018; 11.7% of the total).

These discrepant patterns are consistent 
with modern rates of biodiversity declines, 
particularly in the most degraded biomes, such 
as the Atlantic Forest and the semi-arid dry forest 
and thorn shrublands of the Caatinga (Leal et 
al. 2005). These highly threatened biomes were 
the cradle of 15th-century Portuguese settlement 
from hereditary captaincies and other early forms 
of colonial land distribution, leading to highly 
modified anthropogenic landscapes (Fausto 
1994, Dean 1996). Importantly, we note that 
although the onset of municipal emancipation 
may not reflect the exact trigger of land 
exploitation, coats-of-arms apparently reveal 
a “nostalgic past”, and represent an important 
tool in rescuing otherwise poorly documented 
subregional environmental histories.  For 
example, although the largest extant South 
American felid — the Jaguar (Panthera onca) 

— has been locally extirpated in a vast proportion 
of its original range (Sanderson et al. 2002, 
Paviolo et al. 2016), some counties created after 
the modern range contraction of this species 
still portrays this felid in their coat-of-arms. We 
observed a similar pattern for the one of the 
largest South American forest ungulates — the 
Tapir (Tapirus terrestris) —, which is depicted 
in counties of central Rio Grande do Sul, where 
this species has been virtually extinct for nearly 
a century. Among four counties that depicted 
tapirs in this region, three were emancipated 
from larger counties in the 1980-1990s, long 
after this “ghost” species had been driven to 
extinction at a regional scale. Furthermore, at a 
national scale, large vertebrates like the jaguar 
and tapir were illustrated in only 21 and 11 of 
all coats-of-arms, respectively. A similar pattern 
occurs with representations of indigenous 
peoples. Although we identified 304 symbols of 
native Brazilians, 50.5% of them are portrayed 
in coats-of-arms of counties created since the 
1950s, and located in mesoregions where these 
indigenous groups are now only a pale shadow 
of their former past, due to hundreds of years of 
persecution and territorial encroachment.

Throughout the 20th century, the pace 
of anthropogenic simplification of natural 
ecosystems rapidly increased in most of Brazil’s 
hinterlands, led by deliberate geopolitical 
thinking in successive administrations to 
redistribute agrarian strongholds (Dean 1996, 
Leal & Câmara 2003). Domesticated ungulates, 
including cattle and goats, had already 
profoundly altered Brazilian savannah and dry 
forest landscapes. Agricultural land use rapidly 
expanded far into previously savannah and forest 
wildlands, particularly after the 1960 relocation 
of the national capital to Brasília (McNeill 
1986). In Southern Brazil, a marked selective 
logging cycle primarily based on Araucaria 
timber exploration had been established from 
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the 1920s to the 1990s (McNeill 1986, Lacerda, 
2016). For instance, the Itapiranga county coat-
of-arms (located on the Uruguay River bank in 
Santa Catarina) displays a clear reference to the 
locally known as “Balseiros do Uruguay”. This 
period is characterized by a rapacious logging 
industry stimulated by the former “Instituto 
Nacional do Pinho” government agency, which 
virtually decimated the Araucaria forests across 
the Southern interior plateaus. This pattern is 
shared across 15% of all counties in southern 
states. As another example, the Ipumirim county 
(Santa Catarina) rapidly converted all of its 
transitional evergreen and semi-deciduous 
forest areas into fast-growing exotic tree 
monoculture (Pinus spp. and Eucalyptus spp.), 
dominating the local economy.

Although almost the entire Brazilian Amazon 
remained an inaccessible roadless wilderness 
until 1971, this biome has since succumbed to a 
history of rampant deforestation, illegal logging, 
goldmining, and more recently anthropogenic 
wildfires, all of which facilitated by haphazard 
infrastructure expansion. More sustainable 
nontimber extractive industries, including 
natural rubber and Brazilnut harvesting, have 
been gradually replaced by cattle pasture and 
cropland expansion (Serrão et al. 1996, Peres 
2003). Freshwater fisheries and, more recently, 
soybean monoculture are well represented in 
Amazonian coats-of-arms. However, other less 
visible lingering economic activities are also 
illustrated, such as the animal skin trade (e.g. 
Parintins, state of Amazonas). The wildlife skin 
trade increased in the early 20th century and 
accelerated in the 1960s (Smith 1976), and still 
survives today as an illegal harvest associated 
with the wild meat trade (Fa et al. 2002, Antunes 
et al. 2016). This trade was encouraged by 
the Brazilian Government during the Military 
Dictatorship, with an estimated annual kill of at 

least 15,000 jaguars and 80,000 ocelots during 
the 1960s and 1970s (Smith 1976).

Although the two-decade Brazilian Military 
Dictatorship is sometimes referred to as an 
“economic miracle” (de Barros & Graham 1978), 
our results corroborate the notion that this 
period had a huge impact on development, 
most of which cannot be described as 
sustainable (Grinberg 2008, Pinho 2020). Our 
network analysis shows that this period was 
not as prominent in terms of national progress 
compared to the Democratic and the New 
Republic, which occurred before and after 
Military Dictatorship, respectively. Important 
connections with natural resource use and 
agriculture occurred during this period in the 
Amazon, followed by a development model 
that has since led to massive deforestation and 
ethnic genocide (Albert 1992). It is worth noting 
that deforestation rates across the Amazon have 
risen steeply since the onset of the Bolsonaro 
administration (INPE 2020), which revived the 
geopolitical ideology of the Military Dictatorship 
(Garcia 2019).

Our high connectance and high nestedness 
network results shows that: (i) in terms of 
connectance, for each region and political period, 
at least one municipal county prioritized each 
symbol grouping, but (ii) in terms of nestedness, 
those icons were extremely concentrated into 
natural resources extraction and agriculture, 
including key crops and livestock species. 
Conversely, the low modularity values show that 
this pattern is homogeneous across the country 
and throughout its postcolonial history. These 
recurrent paradigms of territorial conquest 
and development progress did not solve the 
profound social and environmental problems 
that has beset the country to date. Our predictive 
models show that local natural resource use and 
agricultural expansion has been coupled with 
natural vegetation loss, but growing poverty at 
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the household scale. In turn, vegetation loss had 
a negative effect on human development index 
(HDI) which was strongly correlated with poverty. 
Suppression, conversion and degradation of 
natural vegetation reached its highest levels 
in densely populated biomes such as Atlantic 
Forest and the Caatinga. However, despite five 
centuries of European settlement, coupled with 
industrial scale timber extraction and agriculture 
in the Atlantic Forest, there is growing evidence 
that increasingly larger secondary forest areas 
have recovered in the last two decades (Lira et 
al. 2012, Joly et al. 2014, Rezende et al. 2018).

On the other hand, Amazonian forests 
now appear to be following the same historical 
trajectory of the Atlantic Forest in the 17th – 20th 
century. Contemporary rates of forest loss in 
both fringe and central areas of the Brazilian 
Amazon have increased due to both legal 
and illegal deforestation, land grabbing and 
recurrent wildfires, which initially burn as ground 
(or surface) fires but eventually reach tree 
crowns, with wholesale shifts in the structure 
of the ecosystem (Barlow & Peres 2004, 2008). 
This represents a reedition of the old-fashioned 
military development paradigm at the expense 
of pristine environments. These practices lead to 
an overwhelming decline in the baseline natural 
capital and ecosystem services, on which future 
cleaner development will depend (Moreno-
Mateos et al. 2020). The Cerrado, Caatinga and 
Pampa have also witnessed a sharp increase in 
biodiversity erosion caused by human activities 
and not least habitat loss to agriculture (Klink 
& Machado 2005, Leal et al. 2005, Roesch et 
al. 2009). These activities figure prominently in 
municipal coats-of-arms of these biomes.

Across the Pantanal wetlands, human 
occupation by European colonists dates back to 
the early 16th century (1530s), with the settlement 
of very large (>200,000 hectares) cattle ranches 
throughout the region (Wilcox 2017). Even though 

the first municipal counties (e.g. Corumbá, 
Ladário, Cáceres, Miranda) were created in the 
1770s, livestock-related coats-of-arm symbology 
only appeared in the 20th century. Due to the 
annual flood pulse, which inundates as much as 
80% of the Pantanal for up to six months every 
year (Gonçalves et al. 2011), the very few county 
headquarters in the region are restricted to 
fringe upland areas. It follows that the Pantanal 
is still considered the most preserved Brazilian 
biome, even though it is almost completely 
within private landholdings (Zimmermann et 
al. 2005). However, most threats to the Pantanal 
and its wildlife are related to more predatory 
land use practices in neighbouring regions, 
such as the highlands of the Upper Paraguay 
River Basin. This area is mainly comprised of the 
Cerrado wooded scrublands, which has been 
heavily converted into mechanized agriculture 
since the 1960s (Harris et al. 2005, Projeto 
MapBiomas 2020). These threats are reflected in 
the frequent depiction of agricultural symbols in 
their coats-of-arms, especially during the New 
Republic period.  During this period, the federal 
government begun to provide transformational 
fiscal incentives for the establishment of modern 
agriculture in central-western Brazil (Silva et 
al. 1998). It is worth noting that, ecotourism 
and wildlife safaris are currently important 
alternative sources of revenue in the Pantanal, 
rivalling or exceeding the income from cattle 
ranching (Tortato et al. 2017), yet this biodiversity 
value is seldom depicted.

Natural habitat conversion accounts for 
most biodiversity loss globally (Maxwell et al. 
2016). Our results provide a punctuated profile 
of the historical conversion of natural forest, 
wooded savannah, and grassland areas into 
cropland and cattle pastures, particularly as 
new political districts were created farther west. 
About one-third of all coats-of-arms examined 
here had symbols depicting bovine cattle, and 
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80% displayed at least one cultivar typical of 
each region, including a total of 7,416 incidences 
of agricultural crops, as shown in 3,954 coat-of 
arms (76.1%). These elements are present in most 
of the Atlantic Forest (88.7%) and Cerrado (85.8%), 
but are also common (>30%) in other biomes. In 
contrast, the presence of native fauna and flora 
in coats-of-arms is extremely rare. Our results 
reinforce that, despite the skewed selectivity 
of pictorial information portrayed in coats-of-
arms, this overall picture realistically reflects the 
single-minded utilitarian philosophy in shaping 
the history of territorial expansion and conquest 
of the largest tropical country. This symbology 
portfolio has been a severely underutilized 
tool in understanding the dynamic nature of 
natural resource and land use over time in any 
New World country. This territorial conquest 
marched forward blindfolded and eroded 
both local biotas and traditional ecological 
knowledge of local indigenous societies, both of 
which were largely brushed aside, while bringing 
with it the same set of domesticated species 
that uniformly pave the way to every western 
civilization. Our results also show that both 
past and contemporary Brazilian society has 
failed to appreciate the natural history value of 
this megadiverse country. Instead, worldviews 
of early colonists taming the land under the 
plow, axe, and cattle hooves were transfixed 
in short-term economics based on alien land-
use practices that paid little or no regard to the 
potential value and grandeur of newly occupied 
territories. Most symbolic representations thus 
culturally celebrate the conquest of natural 
ecosystems, rather than natural assets per se 
and the original indigenous inhabitants, and 
indeed alternative sources of more sustainable 
income (e.g. extractivism, ecotourism).

Culture is a trait of human societies. Each 
society, group, or community may construct 
their own culture. This is often dynamic, 

changing through time and space due to several 
factors such as contact with other groups or 
the observation of new phenomena. Culture is 
based on the ability to symbolize and attribute 
meanings, so that each society builds and 
passes on throughout its history a world subject 
to movement and alteration (Concone 2011). 
Cultural issues change over time and, therefore, 
symbols are linked to the moment of interest. 
For example, an animal may be very abundant 
in an area or in the local folklore, but over time 
the population abundance may decline and the 
original reason is lost, but that symbology can 
still be maintained by tradition. Hence, symbols 
are important representations for a given group 
and may be related to different realities and 
moments (Concone 2011). Coat-of-arms are 
created by legal decrees (Berg 2015), our results 
reveals that this symbology historically reflects 
individual interests of political leaders (or a 
small interest groups) at the expense of broader 
collective interests.

It took almost three centuries — since the 
first Brazilian coin (the pataca) was forged in 
1695 — to break tradition with a reverence of 
public figures typically linked to the aristocracy 
and slavery, and depict some flagship icons of 
Neotropical biodiversity. A series of Cruzeiro 
coins released in the 1990s began depicting 
some vertebrate species (e.g., manatee, 
hummingbird, marine turtle, angelfish), likely 
because of the first major UN Conference on 
Environment and Development, held in Rio 
de Janeiro in 1992. Subsequently, Brazilian 
currencies, including the Cruzeiro-Real (1993-
1994) and Real (1994-present), showcased native 
wildlife, and Real banknotes in circulation today 
have displayed native species representing 
Brazilian biodiversity, such as the hawksbill sea 
turtle, great egret, red-and-green macaw, golden 
lion tamarin, jaguar, grouper and maned wolf. 
Although these initiatives may be unhelpful 
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in curbing biodiversity loss, Brazilian society 
now acknowledges at least some elements 
of the native fauna. This is noteworthy since 
knowledge is but the first step in overcoming 
any conservation challenge. Few political 
districts across the vast Brazilian territory 
were branded with a legacy of any element of 
native biodiversity, and when this is the case 
they usually depict species that had already 
been long extirpated. This apparent oblivion 
for the national natural heritage represents a 
mean area of 24,087 km2 where over 2.75 million 
Brazilian citizens currently live. In doing so, 
Brazil has historically failed to perpetuate a 
natural history storyline to future generations 
of the world’s largest tropical country. Yet, 
this forlorn story of territorial, biotic and 
ethnocultural conquest continues to this very 
day with an inexorable “march of progress” that 
so predictably homogenizes and impoverishes 
our wildlands.
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