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Abstract 
Background: Networks are useful tools to show 
ecological interactions because they allow to virtually 
represent natural structures. When applied to local 
knowledge this approach can reveal unnoticed 
perspectives, going beyond the species known and 
used, and showing the interdependence among 
them. We aim to investigate the ecological 
interactions between plants-and-animals and plants-
and-plants perceived by people from three 
Quilombola groups in Southern Brazil. We also 
discuss how the proximity to urban areas can 
influence these perceptions.  
 
Methods: Through 141 ethnobotany interviews in 
three communities, we asked about the plants known 
and how each plant interacts with other plants and 
with animals.  
 
Results: The networks formed were similar in the 
three communities and had characteristics of free-
scale networks. The main interactions perceived 
were between cultivated plants, and between plants 
and native animals, and were especially related to 
competition, facilitation, inquilinism, and herbivory. 
Manihot esculenta, Citrus sinensis, Psidium guajava, 
and Zea mays were species with the highest 
centrality. Ecological interactions among different 
species, especially the native ones, were more prone 
to occur in less urbanized areas, due to proximity to 
forested sites.  
 
Conclusions: The refined understanding of 
ecological interactions amidst traditional people 
reinforces the importance to preserve and maintain 
their knowledge beyond the simple species’ records, 
to assist traditional people to guide their claims to 
establish their rights.  
 
Keywords: Ecological interaction networks, local 
ecological knowledge, Quilombola communities, 
traditional people, ethnoecology.  
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Resumo 
Antecedentes: Redes são ferramentas úteis para 
mostrar interações ecológicas porque permitem 
representar virtualmente estruturas naturais. 
Quando aplicada ao conhecimento local, essa 
abordagem pode revelar perspectivas que 
usualmente passam despercebidas, indo além das 
espécies conhecidas e utilizadas e mostrando a 
interdependência entre elas. Nosso objetivo é 
investigar as interações ecológicas entre plantas e 
animais e plantas e plantas percebidas por pessoas 
de três grupos quilombolas no sul do Brasil. 
Também discutimos como a proximidade das áreas 
urbanas pode influenciar essas percepções.  
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Métodos: Através de 141 entrevistas etnobotânicas 
em três comunidades, perguntamos sobre as 
plantas conhecidas e como cada planta interage 
com outras plantas e animais.  
 
Resultados: As redes formadas foram semelhantes 
nas três comunidades e apresentavam 
características de redes de escala livre. As principais 
interações percebidas foram entre plantas 
cultivadas, e entre plantas e animais nativos, e foram 
especialmente relacionadas à competição, 
facilitação, inquilinismo e herbivoria. Manihot 
esculenta, Citrus sinensis, Psidium guajava e Zea 
mays foram espécies com maior centralidade nas 
redes. As interações ecológicas entre diferentes 
espécies, principalmente as nativas, ocorreram em 
áreas menos urbanizadas, devido à proximidade de 
áreas com cobertura florestal.  
 
Conclusões: O entendimento refinado sobre as 
interações ecológicas entre povos tradicionais 
reforça a importância de preservar e manter seus 
conhecimentos, para além dos simples registros das 
espécies conhecidas, a fim dar suporte às 
reivindicações e direitos de povos e comunidades 
tradicionais. 
 
Palavras-chave: redes de interação ecológica, 
conhecimento ecológico local, comunidades 
quilombolas, pessoas, etnoecologia. 
 
Background 
All living organisms interact with other species 
through diverse mechanisms that model the 
structure of ecosystems (Woottom & Emmerson 
2005), reflecting the collective activities of organisms 
and their effects on the environment. There is a 
growing consensus that the effects of biodiversity on 
ecosystem processes should be attributed more to 
the functional characteristics of the species and their 
interactions, compared to the number of species per 
se (Díaz & Cabido 2001).  Thus, the diversity of life 
results not only in diversification among species but 
also in the interactions that occur among them 
(Thompson 1996). Each organism is influenced by 
mutualistic, competitive, trophic, and other 
interactions that can impact the composition, 
structure, and function of ecosystems (Díaz & 
Cabido 2001). 
 
Traditional and local knowledge about ecological 
interactions is poorly documented because the 
interdependence among species is not 
systematically investigated. Thus, a key feature of 
ecosystems goes unnoticed. Nabham (2000) argues 
that many ethnobotanical inventories obtain only the 
surface of traditional knowledge about biodiversity, 
based on lists of species and their respective 

catalogs of use. These lists can be very descriptive, 
purely utilitarian, and do not add a lot of information 
about how the natural world functions from local 
perspectives, assuming maybe, that traditional 
communities are not interested in interspecific 
relationships or ecological processes, but only in 
useful species (Nabham 2000). In addition to 
knowledge about species and their uses, other levels 
of the biological organization can help in 
understanding ecological systems (Tilman et al. 
1997) and cultures (Christensen et al. 1996). These 
levels of organization may involve inherent aspects 
of species, such as richness and attributes that show 
adaptation, as well as subtler aspects, such as 
genetic variation between populations, habitat 
heterogeneity, ecosystem diversity, and ecological 
interactions that are more difficult to measure and 
monitor (Nabham 2000).  
 
Complex networks can be used as tools to delineate 
ecological interactions (Vasquez et al. 2009) 
because they possess the flexibility and generality to 
virtually represent natural structures, including 
dynamic changes in their topology (Costa et al. 
2010). This approach was recently used to explore 
the relationship between knowledge and palm 
species across several Neotropical communities 
(Cámara-Leret et al. 2019). In ethnoecology, there 
are also attempts to consider ecological interactions 
and human perspectives using complex networks. 
Orr and Hallmark (2014) studied the perception of 
ecological interactions in a community of Balinese 
farmers, analyzing interaction networks based on 
their observation processes, and found that this 
knowledge had an adaptive character. Atran et al. 
(2002) compared ecological models of food networks 
and cultural variation of three groups that shared the 
same forest in Guatemala, with a focus on ecological 
knowledge, and found that these factors can 
determine the importance of the culture in the use of 
the forest, which is relevant for conservation. 
 
Direct interactions between people and nature are 
critical and have different dimensions of 
immediateness, consciousness, intentionality, 
degree of human mediation, and direction of the 
outcomes (Soga & Gaston 2020).  Local ecological 
knowledge on species interactions embed several of 
these dimensions and can add to the understanding 
of how supporting ecosystem services are 
perceived. Among the different categories of 
ecosystem services, supporting and regulating 
services can be less perceived, sometimes 
representing the western scientists` view rather than 
local perspectives (Herbst et al. 2020, Oliveira & 
Berkes 2014). 
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Through the ecological network's approach, complex 
systems can be understood in a simple way, 
identifying the most important species and 
interactions to the function and organization of such 
such ecological systems.Thus, exploring ecological 
interactions from the perspective of local knowledge 
and perceptions helps to understand the links 
between environmental perceptions and ecosystem 
processes. Within these dynamic systems, the 
effects on the local knowledge are explored 
concerning rural-urban mobility (Nasuti et al. 2015), 
globalization (Saynes-Vásquez et al. 2013), and 
threats from urbanization and the interaction 
between people and natural areas (Furusawa et al. 
2014).  
 
This study is part of a research on Quilombola 
ethnobotany (see Ávila et al. 2015, 2017, Zank et al. 
2016) that identified the most well-known plants in 
three communities in southern Brazil. Quilombolas 
are groups of Afro-descendant origin, with black 
ancestry and historical background that is generally 
related to oppression during the time of slavery in 
Brazil (Brasil 2003, Marques 2009). They occupy 
both rural and urbanized areas, and although their 
right to land is legally guaranteed, the Quilombola 
communities struggle for this and the maintenance 
and perpetuation of their culture and history, which 
has influenced various aspects of their natural and 
cultural environment, as illustrated in their 
agricultural, religious and social practices (Diegues 
et al. 2000).  
 
We aim to identify the perceived ecological 
interactions between plants-and-animals and plants-
and-plants, among Quilombolas who live in different 
distances from urban areas. Starting from their 
ethnobotanical repertoire, we hypothesize that 
people in territories further to urbanized areas would 
perceive more ecological interactions because of 
their proximity with the forest environments and their 
reliance to farming practices, although the most 
urbanized community reported the highest richness 
of plants, mostly cultivated and introduced (Ávila et 
al. 2015, 2017). The most well-known plants may 
comprise a greater number and variety of perceived 
ecological interactions, thus reinforcing the role of 
the ethnobotanical knowledge in understanding 
ecological functions and processes. The 
comprehension of these ecological functions and 
processes and the absorption of such 
comprehension into the body of local knowledge 
comprise several steps, which involve a conceptual 
structure relating cognition and representations. 
Perception is one of these steps, and since 
perceptual information guides decisions and actions, 
and shapes beliefs (Tacca 2011), it is deeply related 
to knowledge, but not as a simple synonym. 

Study Area 
In Brazil there are more than 3300 Quilombola 
communities recognized, however, only a few have 
their territories legally established (Fundação 
Cultural Palmares, 2019). Although their practices 
are recognized, changes induced by urbanization 
and industrialization have affected their livelihoods 
(Steward 2007). This process is similar to what is 
observed in other parts of Brazil, where the 
maintenance of traditional systems of resource 
management and their forms of political organization 
are become more fragile (Brondizio et al. 2009).  
 
Among the 16 Quilombola communities of Santa 
Catarina State (Southern Brazil), Aldeia (hereafter 
AL), Morro do Fortunato (MF) and Santa Cruz (SC) 
are located in the municipalities of Garopaba and 
Paulo Lopes, in areas originally with dense humid 
forest and Restinga phytophysiognomies (Figure 1). 
The estimated number of inhabitants in each 
community is 120 people at AL, 130 at SC, and 90 at 
MF. The distance among these communities is 20km 
on average, through paved and unpaved roads. The 
process of legal recognition of their territories is 
undergoing, thus the territories sizes are not legally 
defined yet. In the last 30 years, the livelihoods in the 
three communities have changed, which until the 
1960s were based on small-scale agriculture, 
livestock practices, and artisanal fishing for family 
consumption. Lately, regional changes, including 
growth in tourism, urbanization, and industrial 
activities have led some families to have more urban 
livelihoods (Ávila et al. 2015). 
 
Materials and Methods 
Data collection  
After obtaining the prior consent of the communities 
and legal authorizations (see Declarations), we 
interviewed all residents over 18 years of age (both 
sexes) that agreed to participate in the study using a 
semi-structured protocol (available upon request). 
We estimate that between 77% and 80% of all adults 
were interviewed. The 184 interviews (65 interviews 
in AL, 56 in SC, and 63 in MF) consisted of a 
freelisting of known and used plants (used for any 
purpose), followed by questions about the 
interactions of each plant. For each free-listed plant, 
we asked about the perceptions of the interviewee 
on the interactions between the plant and other 
species of animals or plants.  When the interviewee 
did not understand the meaning of interactions, we 
asked about the plant's helpful or harmful 
relationships with other living beings, both plants or 
animals. Sometimes it was also necessary to give 
examples, but we were always aware to give 
examples of both positive and negative interactions 
(for example, if part of the plant was eaten by an 
animal, or if there was an animal that helped that 
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plant in some way). Additional questions explored 
details of these interactions to allow an a posteriori 
classification. Based on the literature (Begon et al. 
2006, Bertness & Callaway 1994, Bronstein 2009, 
Odum & Barret 2007, Ricklefs 2003), each 
interaction between a pair of plant and animal 
species was classified as herbivory, inquilinism, 
parasitism, pollination, dispersal, or amensalism; 
and each interaction between a pair of species of 
plants was classified as competition, parasitism, 

inquilinism, or facilitation. After the interviews were 
completed, we did a participatory workshop in each 
community to compile additional qualitative 
information about the perceived interactions, such as 
impressions about costs and benefits of the 
interactions to the plants and to humans. All 
residents from the communities were invited to the 
workshop, and 17 adults in Aldeia, 12 in Morro do 
Fortunato and 14 and Santa Cruz participated. 

 

 
Figure 1. Study site. Pink circle: Aldeia; yellow circle: Morro do Fortunato, red circle: Santa Cruz. 
 
The statements of the interviewees about the types 
of interactions were identified by codes, where the 
first two capital letters refer to the community (AL for 
Aldeia, SC for Santa Cruz and MF for Morro do 
Fortunato), followed by age and sex of the participant 
(M or F for masculine and feminine, respectively). 
For example, “#45MF76M” refers to interviewee 
number 45, a man from Morro do Fortunato with 76 
years old. 
 
Free-listed plants were collected or photographed 
(when well-known cultivated plants) for identification. 
Species determination followed the APG III system 
and was checked with literature (Lorenzi 1992, 2013, 

Lorenzi & Matos 2008) and by consulting specialists. 
Voucher specimens were deposited in the 
herbariums FLOR (Universidade Federal de Santa 
Catarina) and EAFM (Instituto Federal de Educação, 
Ciência e Tecnologia do Amazonas) under the 
numbers FLOR60860 to FLOR60896 and 
EAFM12978 to EAFM13459. The animals were 
identified with help of key informants, showing them 
illustrated guides (Antweb 2020, Marques et al. 
2001, Reis et al. 2006, Souza 1998, Wikiaves 2020) 
and, subsequently, checking with additional 
literature (CBRO 2014, Caceres et al. 2007, Cherem 
et al. 2004, Melo & Gonçalves 2005, Rafael 2012, 
Ruppert et al. 2005, Sick 2001) and consulting 
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specialists. Data were collected for approximately 70 
days, between 2013 and 2014. 
 
Data analysis 
After a Shapiro-Wilk normality test, we compared the 
proportions of reported interactions among the 
communities using the Kruskal-Wallis test, and 
Dunn’s test a posteriori. We verified the homogeneity 
of the reports of the plant-animal interactions in the 
three communities with a chi-squared test for 
independence. We verified the independence of the 
frequency of the animal interactions with plants in the 
reports through a G-test, as well as the frequency of 
different taxonomic groups of animals. Significance 
levels for all of the tests were 5%.   
 
We constructed interspecific, plant-animal and plant-
plant interaction networks for the three communities 
using the program NODE XL version 1.0.1.334 
(Hansen et al. 2011). We used weighted matrices in 
which the nodes were the plant and animal species 
mentioned by all interviewees, expressed at the most 
detailed taxonomic level (class, order, or family, 
according to each case). The edges between the 
nodes represent the ecological interactions among 
the species. Denser edges represent a larger 
number of different types of interactions reported. 
We analyzed the structure or topology of the 
networks or the arrangement of links based on the 
organization of the information (Petchey et al. 2010). 
We used two centrality indexes to address which 
species are more important to the organization of the 
knowledge network: closeness centrality and 
betweenness centrality. Closeness centrality is 
based on the sum of the direct or indirect interactions 

(e.g. shortest distances) between one species and 
all other species in the network and indicates how 
quickly a perturbation might spread to the overall 
network while betweenness centrality is the number 
of shortest paths between two nodes that pass 
through a node of interest. Species with high 
betweenness centrality values are recognized as 
connectors, being important to network cohesion. 
Both metrics can be used to study the role and 
impact of species loss as well as to identify species 
hub (e.g. species that have much more interactions 
when compared with other species of the same 
network) (Delmas et al. 2019, González et al. 2010). 

 
Results 
The general characterization of the interviewees, as 
well as preliminary information about the 
ethnobotany of the communities, has been 
previously described (Ávila et al. 2015) and is 
summarized in Table 1. Among the 184 
interviewees, 141 people (77%) reported interactions 
between plants and animals (Table 2). These 
interactions are related to 176 plants, most of them 
cultivated (62% for AL, 66% for SC, and 55% for MF). 
An example of a report of plant-animal interaction is 
illustrated by the interview #70MF50M for Phaseolus 
vulgaris: “caterpillar cuts the leaf, aracuã eats the 
leaf”, referring to animals (Lepidoptera larvae and 
the bird Ortalis squamata that interact with beans by 
eating the leaves (two interactions of herbivory); and, 
for the same species: “you have to plant them wider 
apart so they do not disrupt each other” classified as 
intraspecific competition for space. 

 
Table 1. Summary of characteristics of the studied Quilombola communities 
 

 Aldeia Santa Cruz Morro do Fortunato 

Distance from urban area 0km 1km 7km 

Number of households (approx.) 40 24 32 

Number of interviews 65 56 63 

Gender proportion (women/men) 1.32 1.44 1.17 

Average age (standard deviation) 46.8 (17.7) 39.6 (16.1) 45.7 (17.3) 

Percentage of people with income from urban jobs 66 50 48 

Average number of plants cited per interview 19.9 9.3 13.4 

Number of plant species with perceived interactions 110 88 104 
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Table 2. Classification of the ecological interactions according to information from the interviewees and the 
literature.  
 

Ecological 
interactions 

Characterization Examples 

Plant-Animal interactions 

Herbivory A type of predation where the animal 
eats all or part of the plant (Ricklefs, 
2003). When the predator is the primary 
consumer (normally an animal) and the 
prey is the primary producer (plants) 
(Odum; Barret, 2007). 

“The birds ... sabiá, saracura, tié, tucano... eat 
the fruits” (#69MF70F, referring to (Eriobotrya 
japonica (Thunb.) Lindl.) eaten by different 
birds. 
 
“Saracura arrived and ate it all” (#114MF70M), 
referring to Aramides cajanea (Statius Muller, 
1776) that eats corn (Zea mays L.). 

Inquilinism A particular type of commensalism 
where one organism lives inside or on 
another, definitively or temporarily, and 
does not cause serious damage (Dales, 
1957). 

“Opossum build nest[s] in the hollow, [and] live 
there inside” (#37SC43M), referring to figs 
(Ficus spp.) and opossum (Didelphis spp.).  
 
“Woodpeckers and hawks build nest[s]” 
(#37SC43M), referring to individuals of Celeus 
spp. and Falco spp., inquilines of a palm 
(Syagrus romanzoffiana (Cham.) Glassman. 

Parasitism A type of predation where the animal 
feeds on plant tissue, generally causing 
sickness but not necessarily death 
(Ricklefs, 2003). Interaction between 
two species where a population (of 
parasites) benefits and another (host) is 
impaired but generally does not die 
(Odum; Barret, 2007). 

“Plague attacks, become weak” (#4AL29F), 
referring to lime tree (Citrus sp. 3). 
 
“Larvae grow inside the fruit, you have to 
collect when still immature” (#12AL40F), 
referring to Drosophila melanogaster (Meigen, 
1830) that parasitizes guava fruits (Psidium 
guajava L.). 

Pollination A type of mutualism where the plant is 
assured pollination by offering 
resources (e.g., nectar) to flower 
visitors (Begon et al., 2006). 

“Mango tree needs another mango tree on its 
side so the bee can exchange and the mango 
tree gives fruit” (#191MF40F), referring to 
mango trees (Mangifera indica L.). 
 
“Hummingbird[s] visit the flowers” (#39AL54F), 
referring to species of the family Trochilidae 
that pollinate Malva parviflora L. 

Dispersal A type of mutualism where a plant 
disperses its seeds by offering food 
resources to animals (Begon, 2006). 

“The birds bring the seeds” (#13AL69F), 
referring to Eugenia uniflora L. and species of 
Passeriformes. 
 
“Bird that planted” (#158SC21F), referring to 
species of Passeriformes that disperse 
sunflowers (Helianthus annuus L.) 

Amensalism A population is inhibited by another and 
the other is not affected. A species has 
an evident negative effect on another 
but there is no detectable reciprocal 
effect (Odum; Barret 2007). The 
organism produces substances that 
have a toxic or repellent effect that can 
potentially affect other individuals 
(Begon, 2006). 

“Animals never get close because of the smell” 
(#28SC30F), referring to Ruta graveolens L. 
 
“Animals do not go, because it is poisonous” 
(#3 AL29F), referring to Dieffenbachia amoena 
Bull. 
 
“Animals do not eat, because of the smell” 
(#10SC27F), referring to Melissa officinalis L. 
 
“Strong plant, smell goes far, scares away the 
animals” (#10SC27F), referring to Petiveria 
alliacea L. 
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Plant-Plant interactions 

Competition An individual suffering from diminished 
fertility, growth or survival that results in 
exploring for resources or interfering 
with the other individual (Begon, 2006). 
Interaction between two species that is 
mutually harmful to both populations 
(Odum; Barret, 2007). 

“Cannot plant chayote near passionfruit, 
because the two are vines [and] tangle” 
(#36SC30F), referring to chayote (Sechium 
edule (Jacq.) Sw.) and passionfruit (Passiflora 
spp.). 
 
“Plant potato separate from corn, because 
[they] disturb [each other]” (#40AL57F), 
referring to sweet potato (Ipoema batatas L.) 
and corn (Zea mays). 

Parasitism An organism using resources and 
shelter of another organism that suffers 
tangible effects, such as sickness 
(Begon, 2006). Interaction between two 
species where one population (the 
parasite) benefits and the other (host) is 
hurt but generally does not die (Odum; 
Barret, 2007). 

“It sucks from the tree” (#5AL70F), referring to 
staghorn (Platycerium bifurcatum (Cav.) C. 
Chr.). 
 
“Sucks sap from the other trees” (#24AL40F), 
referring to Catleya intermedia Grah. 

Inquilinism A particular type of commensalism 
where one organism lives inside or on 
another, definitively or temporarily, and 
does not cause serious damage (Dales, 
1957). 

“…grows on the lime tree” (#64 MF35M), 
referring to Tillandsia usneoides (L.). 
 
“Climbs on other plants” (#2AL61F), referring 
to Cissus sisyoides L. 

Facilitation One or more species that are permitted 
to establish, grow or develop with other 
species with different ecological 
characteristics than the former species 
(Connell and Slatyer 1977, Bertness 
and Callaway 1994). An interaction 
where the presence of a species alters 
the environment in a manner that 
increases the growth, survival or 
reproduction of a second neighboring 
species (Bronstein 2009). 

“Plant together with corn” (#30SC76M), 
referring to beans (Phaseolus vulgaris L.) and 
corn (Zea mays). 
 
“Grows together with other native plants” 
(#140AL53M), referring to Schizolobium 
parahyba (Vell.) Blake 
 
“You can cultivate corn together with cassava 
and manioc, they get along” (#23AL46M), 
referring to Zea mays L. and Manihot 
esculenta Crantz. 

 
There was a significant difference between the 
average proportions of the reports of interactions 
among the communities (Kruskal Wallis H=6.993, 
p=0.0312), with the highest proportion of ecological 
interactions for MF (the most rural community) 
compared to AL (the community closest to the urban 
area), but with no significant difference between SC 
and the other two communities. The interviewees 
perceived the ecological roles of plants including 
food source to humans and wild and domesticated 
animals; host plants that serve as shelter, support 
and nursery for diverse species of animals and other 
plants; mutualistic plants that exchange resources 
and benefits with other species through dispersal 
and pollination interactions; plants competing for 
space, light, and nutrients; and companion plants 

and plants that facilitate the establishment, growth, 
and development of other plants. 
 
The distribution of the plant-animal interactions 
(Figure 2A) was significantly different for the type of 
interaction (χ2 = 52.997, p< 0.0001), with the 
perception of herbivory notably higher when 
compared to the other interactions (AL=64%, SC 
=58%, MF =66% of the total interactions reported). 
The frequency of reports of interacting animals by 
zoological class had significant differences among 
the communities (G = 35.1357, p<0.0001, Figure 3). 
AL and SC had a lower frequency of reports related 
to mammals; and MF had a higher frequency of 
reports of interactions of plants with mammals, 
reptiles, and mollusks. A higher frequency of insect 
interactions was observed for SC (Figure 3).
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Figure 2. Frequency of citations of plants in different categories (A) of plant-animal interactions (AL= 276, SC=275, 
MF= 217 reported plant-animal interactions); (B) of plant-plant interactions (AL= 72, SC=87, MF=175 reported 
plant-plant interactions). COM- Competition, PAR- Parasitism, INQ- Inquilinism, FAC- Facilitation, HER- Hebivory, 
POL- Pollination, DIS- Dispersal, AME- Amensalism. 

 
Figure 3. Frequency of reports of animals identified according to zoological class (AL=129 reported animals, 
SC=122, MF=115). The red line corresponds to the average percentage. 
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The distribution of the plant-plant interactions (Figure 
2B) showed significant differences between the 
observed and expected frequencies for the different 
types of interactions (G = 32.8728, p<0.0001). The 
perception of competition was notably higher than 
the other interactions in all communities (AL =57%, 
SC =75%, MF =56% of the total of interactions 
reported for each community). The majority of 
reports about plant interactions refer to local crops, 
such as “one plant can smother another” 
(#186MF43F), referring to Arachis hypogaea. Some 
descriptions of interactions of competition were not 
related to a given species, for example, “the plants 
are born and grow more beautifully when they are 
separate from the weeds” (#55MF52F). The 
perceptions of facilitation were notable for MF, with 
32% of the reports for this community and 70% of the 
total for reports of this interaction. In MF, a 
combination of plants are grown in the same plot, 
such as Ipomoea batatas, Manihot esculenta, 
Phaseolus vulgaris, Saccharum officinarum, and Zea 
mays, which were widely mentioned as companion 
plants:“planting manioc and corn or beans and corn 
together” (#138MF35M). 
 
A group of plants had higher degrees (number of 
links) and higher values of betweenness centrality 
and are predominantly found in the backyards (Table 
3). Higher values of betweenness centrality allow for 
the identification of more central species in the 
networks. The majority of these plants are amongst 
the most well-known plants in the communities and 
were cited by at least 25% of the interviewees (Ávila 
et al. 2015), such as Ipomoea batatas, Citrus 
sinensis, Musa paradisiaca, Psidium guajava, 
Lactuca sativa, Citrus spp., Andropogon citratus, 
Laurus nobilis, Manihot esculenta, Phaseolus 
vulgaris, Zea mays, Melissa officinalis, and 
Plectranthus barbatus. The main plants with 
perceived interactions are cultivated species, with 

also some native species (e.g., Ficus cestrifolia).  
 
The density of the networks was similar for the three 
communities (Table 4), showing that the networks 
are alike in accessibility among the vertices. The 
networks exhibited characteristics of free-scale 
networks formed by a reduced number of highly 
connected vertices (hubs) and a large number of 
poorly connected vertices. 
 
The network of perceived interactions between 
plants-plants and plants-animals in Aldeia (Table 4, 
Figure 4) had the highest number of vertices and of 
interactions (links) when compared to the other 
communities, but the average betweenness 
centrality (Kruskal Wallis H = 0.2130, d.f. = 2, 
p>0.05) did not differ among communities. The 
densities of the three networks showed similar low 
values (Table 4), reflecting the high richness of 
species that are not fully connected. 
 
Most plants with the highest values of centrality are 
cultivated plants (Table 3), showing their relevance 
in local ethnobotanical repertoires. The networks 
also showed groups of animals with a high number 
of interactions, considered as hubs that are linking a 
great number of vertices (Figures 4-6). For instance, 
the order Passeriformes (34, 29, and 24 links in AL, 
SC, and MF, respectively), with various species of 
Turdus spp., Euphonia spp., Saltator spp. and 
Tangara spp. Insect groups were also frequently 
mentioned, such as Lepidoptera (with 17, 20 and 6 
links in AL, SC, and MF, respectively) and 
Hymenoptera, the latter represented by Apidae (with 
7, 9 and 11 links in AL, SC, and MF, respectively), 
notably Apis mellifera and Xylocopa spp.), and 
Formicidae (with 19, 21 and 7 links in AL, SC, and 
MF, respectively), mostly by Acromyrmex spp., 
Solenopsis spp. and Azteca spp. (Figures 4-6). 

 
Table 3. Plants with higher centrality (degree > 5) in the networks. Illustrations highlight the plants of centrality, 
based on their degree and betweenness centrality. 
 

Community/species Illustrated topology  Degree Betweenness centrality  

Aldeia     

Citrus sinensis L. (Osbeck) 

 

 11 991.361 

Psidium guajava L.  

 

 7 432.348 
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Eriobotrya japonica (Thunb.) 
Lindl.  

 

 6 349.481 

Manihot esculenta Crantz 

 

 7 314.791 

Musa paradisiaca L.  

 

 5 251.886 

Brassica oleracea L.  

 

 5 176.951 

Lactuca sativa L.  

 

 5 141.354 

Zea mays L.  

 

 5 84.179 

Santa Cruz     

Plinia trunciflora (O. Berg) 
Kausel  

 

 6 522.608 

Citrus sinensis L. (Osbeck) 

 

 5 325.802 

Rosmarinus officinalis L.  

 

 7 287.814 

Manihot esculenta Crantz 

 

 5 189.402 

Zea mays L.  

 

 6 167.752 

Morro do Fortunato     

Phaseolus vulgaris L.  

 

 9 424.401 

Manihot esculenta Crantz 

 

 10 288.661 

Psidium guajava L.  

 

 7 264.951 
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Zea mays L.  

 

 10 260.422 

Passiflora edulis Sims 

 

  
5 

256.944 

Saccharum officinarum L.  

 

 8 216.792 

Ficus cestrifolia  Schott ex 
Spreng.  

 

 5 203.468 

Andropogon citratus DC. 

 

 8 124.447 

 
Table 4. Summary of metrics of the networks of perceived interactions between plants-and-plants and plants-and-
animals in Aldeia (N=50 interviews), Santa Cruz (N=41 interviews) and Morro do Fortunato (N=50 interviews). 
 

Community Nº of 
vertices 

Nº of links Average 
degree 

Density Average betweenness 
centrality  

Aldeia 98 148 2.918 0.030  119.398 

Santa Cruz 87 141 3.034 0.035 99.586 

Morro do Fortunato 82 129 3.651 0.044 77.744 

 

 
Figure 4. Network of ecological interactions between plants-and-plants and plants-and-animals, perceived by 50 
interviewees of Aldeia community. Bolder links indicate a species with more interactions; blue=Insecta, 
grey=Reptilia, orange=Araneae, brown=Mollusca, black=Plantae, green=Aves, red=Mammalia. See full legend for 
species names below Figure 6. 
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Figure 5. Network of ecological interactions between plants-and-plants and plants-and-animals, perceived by 41 
interviewees of Santa Cruz community. Bolder links indicate a species with more interactions; blue=Insecta, 
grey=Reptilia, orange=Araneae, brown=Mollusca, black=Plantae, green=Aves, red=Mammalia. See full legend for 
species names below Figure 6. 
 

 
Figure 6. Network of ecological interactions between plants-and-plants and plants-and-animals, perceived by 50 
interviewees of Morro do Fortunato. Bolder links indicate a species with more interactions; blue=Insecta, 
grey=Reptilia, orange=Araneae, brown=Mollusca, black=Plantae, green=Aves, red=Mammalia. See full legend for 
species names on supplementary material. 
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Species Names for Figure 4-6. 
Ach_sat- Achyrocline satureioides, Ale_for- Aleurites fordii, All_cat- Allamanda cathartica, All_cep- Allium cepa, 
All_fis- Allium fistulosum, All_sat- Allium sativum, Alt_bra- Alternanthera brasiliana, Ana_com- Ananas comosus, 
And_cit- Andropogon citratus, Art_het- Artocarpus heterophyllus, Asc_cur- Asclepias curassavica, Bau_for- 
Bauhinia forficata, Bet_vul- Beta vulgaris, Bid_pil- Bidens pilosa, Bra_ole- Brassica oleracea, But_cat- Butia 
catarinensis, Car_pap- Carica papaya, Cec_pac- Cecropia pachystachya, Ced_fis- Cedrela fissilis, Cit_lan- 
Citrullus lanatus, Cit_sin- Citrus sinensis, Cit_sp3- Citrus sp. 3, Cit_sp4- Citrus sp. 4, Cni_ben- Cnicus benedictus, 
Cof_ara- Coffea arabica, Cot_aus- Cotula australis, Cuc_spp- Cucurbita spp., Dau_car- Daucus carota, Die_amo- 
Dieffenbachia amoena, Dill_ind- Dillenia indica, Dur_rep- Duranta repens, Eri_jap- Eriobotrya japonica, Eru_ves- 
Eruca vesicaria, Eug_uni- Eugenia uniflora, Eup_pul- Euphorbia pulcherrima, Fra_spp- Fragaria spp., Hed_sp- 
Hedychium sp., Hib_sp- Hibiscus sp., Ipo_bat- Ipomoea batatas, Lac_sat- Lactuca sativa, Mal_ema- Malpighia 
emarginata, Mal_com- Malus communis, Mal_par- Malva parviflora, Man_ind- Mangifera indica, Man_esc- Manihot 
esculenta, Mat_rec- Matricaria recutita, Mel_aze- Melia azedarach, Mel_off- Melissa officinalis, Men_spp- Mentha 
spp., Mic_lig- Miconia ligustroides,  Mor_nig- Morus nigra, Mus_par- Musa paradisiaca, Nas_off - Nasturtium 
officinale, Nec_opp- Nectandra oppositifolia, Pas_spp- Passiflora spp., Pen_pur- Pennisetum purpureum, 
Per_ame- Persea americana, Pet_cri- Petroselinum crispum, Pho_pip- Phoradendron piperoides, Plan_spp- 
Plantago spp., Plec_bar- Plectranthus barbatus, Pru_per- Prunus persica, Psi_gua- Psidium guajava, Ros_spp- 
Rosa spp., Ros_off- Rosmarinus officinalis, Rut_gra- Ruta graveolens, Sac_off- Saccharum officinarum, Sam_aus- 
Sambucus australis, Sch_arb- Schefflera arboricola, Sch_ter- Schinus terebinthifolius, Sch_par- Schizolobium 
parahyba, Sol_lyc- Solanum lycopersicum, Sol_pse- Solanum pseudoquina, Syg_cum- Syzygium cumini, Till_aer- 
Tillandsia aeranthos, Uro_sp- Urochloa sp., Vit_sp- Vitis sp., Zea_may- Zea mays. 
 
Discussion 
The most rural community (MF, Morro do Fortunato) 
reported the highest proportion of ecological 
interactions and had a higher frequency of reports of 
interactions of plants with mammals, reptiles, and 
mollusks. Mammals require a larger habitat and have 
less ability to adapt to disturbed environments such 
as fragmented areas (Lawrance 1994). On the other 
hand, birds are usually more conspicuous than 
mammals and were frequently perceived in all 
communities. The outstanding proportion of 
interactions with insects in Aldeia can be related to 
the perceived herbivory in cultivated plants.  
 
This proximity with forested areas can provide more 
opportunities for native species observation, which 
explains the presence of these animal groups in MF. 
However, the community closest to the urban area 
(AL, Aldeia, which was also the community with the 
highest richness of reported plants, see Ávila et al. 
2015, 2017) reported the highest number of species 
interacting with plants. The Quilombolas perceived 
the ecological interactions around the plants in 
different ways, which is influenced by which plants 
are the most important in their ethnobotanical 
repertoire, mostly cultivated plants. All of the 
communities have access to areas of forest, where 
plants are collected, although in AL this area is 
smaller and no longer belongs to the territory. The 
proximity to forest areas allows making more 
observations about nature that leads to a better, 
often refined understanding of ecological 
interactions (Atran et al. 2002, Orr & Hallmark 2014). 
Additionally, the proximity with urban areas could 
explain differences in the perceptions of the plant-
plant and plant-animal interactions, due to the lack in 

the immediateness of these interactions, or the 
degree of physical interaction between a person and 
nature (Soga & Gaston 2020). Indeed, the 
community farther from the urban area is also close 
to more forested areas (Ávila et al. 2015). In this 
community there was also a predominance of 
cultivated plants in larger farming plots, favoring a 
more accurate perception of how cultivated plants 
interact with other species: more dependence on 
farming can contribute to the consciousness and 
intentionality of the perceived interactions (Soga & 
Gaston 2020). In MF, the different frequencies of 
animal interactions reveal that the nuances in the 
spatial configuration of the communities allow for the 
observation of wild and native species of fauna.  
 
Focusing on perceived interactions between pairs of 
species allows us to go beyond the plants and 
animals known by a given human group. Perceptions 
of interactions are related not only to ecological 
patterns (e.g. the richness of plants and animals 
known) but also to processes (e.g. how these 
elements participate in ecosystem functioning) 
(Vellend 2010). This new perspective can add to the 
comprehension of the biological diversity, and 
ecosystem support services, as well as cultural 
ecosystem services (Kumar & Nair 2004), and 
provision services directly accessed when asking for 
uses of plants for example.  
 
Some species of plants and animals have high 
centrality values because they have more links that 
make connections to other vertices stronger and 
exert control over the flow between the other vertices 
(Freeman 1978). The networks formed are complex 
and exhibit characteristics of free-scale networks 
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(Barabási & Albert 1999), formed by a small number 
of highly connected hubs and a large number of 
poorly connected vertices. Networks that have such 
patterns of interactions are robust and can handle 
the random removal of links; however, they are 
vulnerable to attacks directed at hubs (Janssen et al. 
2006, Memmott et al. 2004), such as those animals 
and plants with a high degree of centrality. If on one 
hand, it can provide more safety to the local 
agroecosystem structure, on the other hand, the loss 
of central plant species could cause disruptions in 
the network. 
 
The networks have ecologically similar species in the 
three communities, that exhibit functional and 
utilitarian redundancy (Nascimento et al. 2013), 
which contributes to their ability to adapt to change 
(Folke 2006, Janssen et al. 2006). These species are 
predominantly cultivated in home gardens in the 
territories and are used every day by the 
Quilombolas, reflecting this characteristic of the 
groups of using many cultivated and introduced 
species (Ávila et al. 2017, Zank et al. 2016). In 
addition to native species, these plants contribute to 
increasing the diversity of the cultivated 
environment, which is part of the local socio-
ecological system and help connect the users to 
resource units (Ostrom 2009). 
 
The elements with high centrality are important to the 
cohesion of the network system (Albert & Barabási 
2002) and exhibit characteristics of complex 
networks (Boccaletti et al. 2006, Newman 2003, 
Strogatz 2001), such as irregular and dynamic 
structure. Complex networks prove to be an 
interesting tool for understanding ecological 
interactions based on the human perception that, 
when combined with other concepts, allows for more 
comprehensive ethnoecological analyses. Including 
the human element in these networks is interesting 
to mark links between environmental perception and 
the socio-ecological systems of the Quilombolas. 
Although the relationships are not simple, some 
measurements may capture essential functional 
implications related to the resilience of the structure 
of the socio-ecological network (Janssen et al. 
2006). The identification of a group of plants with 
greater ecological centrality in the communities could 
contribute as a local element used in policy 
development (Brasil 2007, Little 2002), in a context 
where these communities want to not only maintain 
the group identity but also aim to rescue cultivation 
and use practices of ecologically and culturally 
important plants.  
 
Conclusions 
Deepening the analysis of perceived interactions 
between pairs of species allows going beyond the 

plants and animals known and used, adding to the 
understanding of ecological patterns and processes 
from a local perspective. This approach can help in 
better understanding ecosystem support services, 
especially for those services less accommodated in 
local perceptions such as regulation and support. 
Additionally, this approach can support conservation 
actions from the perspective of community 
participation (Berkes 2004), to incorporate the needs 
of the Quilombolas into conservation objectives (and 
vice versa), such as the implementation of integrated 
conservation and development projects that 
associate the plants with ecological centrality to the 
sociocultural context of the communities. Such 
projects should consider the dimension, amplitude, 
and complexity of the local knowledge, within the 
Quilombola socio-ecological systems, to guarantee 
harmony between local development and the 
conservation of biodiversity. This information could 
contribute with elements of local governance 
(Graham et al. 2003) through the incorporation of 
local ecological perspectives to make decisions 
(Newing & Firtsch 2009), not only in everyday 
practices but also as a way of empowerment and 
recognition of the wealth of local ecological 
knowledge the community members have. This 
would strengthen the consolidation of the rights of 
the traditional communities, allowing agreements 
around the use and conservation of natural 
resources, something that is often neglected. 
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