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ABSTRACT 
 

MUSSI-DIAS, V.; FREIRE, M.G.M. Richness index of endophytic fungi from Rio de Janeiro 
restinga. Online Perspectives: Biology & Health, v.12, n.43, p. 1 - 17, 2022. 
 

The preservation of the Restinga biome is 
of great importance, both ecologically and 
socially, and this ecosystem is threatened 
mainly by anthropic actions, with little 
known about its fungal diversity. 
Endophytic fungi, besides contributing to 
the prospecting of new efficient 
compounds in industry and agriculture, can 
indicate the richness and abundance of 
species in the areas where they are found. 
Thus, the objective of this work was to 
carry out an inventory of endophytic fungi 
prospecting from plant species in the Açu, 
Gargaú, Grussaí, and Jurubatiba restingas, 

located in the north of Rio de Janeiro State, 
Brazil. Leaves of 78 plant species were 
collected, from which 1787 isolates were 
obtained in culture medium, identified in 
36 different genera. After analyzing the 
data of richness and abundance of the 
fungi found, the biodiversity of the four 
restingas was estimated, indicating a high 
diversity in the ecosystem, being the 
restinga of Açu the most preserved and the 
restinga of Gargaú the most degraded 
when evaluated by Margalef Richness 
Index.  
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ÍNDICE DA RIQUEZA DE FUNGOS ENDOFÍTICOS DE RESTINGA DO RIO DE 
JANEIRO 

Vicente Mussi-Dias e Maria das Graças Machado Freire 
 
 

RESUMO 

MUSSI-DIAS, V.; FREIRE, M.G.M. Índice da riqueza de fungos endofíticos de restinga do 
Rio de Janeiro. Perspectivas Online: Biológicas & Saúde, v.12, n.43, p. 1 - 17, 2022. 
 
A preservação do bioma Restinga é de 
grande importância, tanto ecológica quanto 
social, estando este ecossistema ameaçado 
principalmente por ações antrópicas, com o 
pouco que se sabe sobre sua diversidade de 
fungos. Os fungos endofíticos, além de 
contribuir com a prospecção de novos 
compostos eficientes na indústria e na 
agricultura, podem indicar riqueza e 
abundância de espécies nas áreas onde se 
encontram. Assim, o objetivo deste 
trabalho for realizar um inventário de 
prospecção de fungos endofíticos de 
espécies vegetais nas restingas do Açu, 

Gargaú, Grussaí e de Jurubatiba, 
localizadas no norte do estado do Rio de 
Janeiro, Brasil. Coletaram-se folhas de 78 
espécies vegetais, das quais foram obtidos 
em meio de cultura 1787 isolados, 
identificados em 36 diferentes gêneros. 
Após análise dos dados de riqueza e 
abundância dos fungos encontrados, 
estimou-se a biodiversidade das quatro 
restingas, indicando alta diversidade no 
ecossistema, sendo a restinga do Açu a 
mais preservada e a restinga de Gargaú a 
mais degradada quando avaliadas pelo 
Índice de Riqueza de Margalef.

 

Palavras-chave: Biodiversidade; Comparações locais-regionais; Índices de diversidade.  
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1. INTRODUCTION 

Brazil has enormous biodiversity, which allows it to be characterized as a great 
potential of natural resources. However, its unsustainable growth has led to the loss of most of 
its biomes (Amazon, Atlantic Forest, Cerrado, Caatinga, Pantanal, and Pampa) and the 
biological groups that make up the Brazilian biodiversity, still little explored, including 
endophytic fungi (ALEIXO et al., 2010; PILATTI et al., 2011). 

Endophytic fungi are defined as the fungi which live the whole or part of their 
lifecycle inhabiting intra-and/or inter-cellularly inside the healthy plants, naturally causing no 
apparent symptoms of disease (KAMEL et al., 2013). 

Some studies on endophytes in different Brazilian biomes have already been 
published. In the Amazon, more specifically in the state of Tocantins, endophytic 
microorganisms associated with Bellucia grossularioides (L.) Triana was isolated and tested 
against the growth of bacteria of the genus Staphylococcus Rosenbach 1884 and fungi of the 
genera Candida Berkhout and Aspergillus P. Micheli ex Haller (MARTINS et al., 2016). Vaz 
et al. (2018) also investigated the fungal endophytic communities in two preservation areas 
(Anavilhanas National Park - ANP and Caxiuanã National Forest - CNF), in the same biome. 

In Pantanal biome, Galvão et al. (2014) verified the presence of dark septate 
endophytic fungi collected in the Pantanal of Poconé. In the Cerrado, Detmann et al. (2008) 
studied the mycorrhizal association of different native species collected in the National Forest 
of Paraopeba-MG.  Cafêu, et al. (2005) isolated endophytes from Palicourea marcgravii St. 
Hil., with emphasis on studies with the fungus Xylaria Hill ex Schrank, due to the activity of 
its metabolites against the phytopathogenic fungi Cladosporium cladosporioides (Fresen.) 
G.A. de Vries and C. sphaerospermum Penz.  

In Caatinga, in Ceará state, Gonçalves et al. (2016) studied the pathogenicity of more 
than 70 fungi isolated from plants and Pires et al. (2015) studied fungi from the cacti Cereus 
jamacaru DC, Opuntia ficus-indica (L.) Mill. and Pilosocereus gounellei (F.A.C. Weber) 
Byles & G.D. Rowley, from the Brazilian Dry Tropical Forest against different bacteria. 
Meanwhile, in the Pampa biome, Varreira (2018) evaluated the enzymatic production of four 
genera of the fungi Acremoniun Link., Aspergillus, Fusarium Link. and Penicillium Link. 
from that vegetation. 

And finally, in the Atlantic Forest biome, Vaz et al. (2009) examine the antimicrobial 
activity of endophytic fungi isolated from 54 species of Orchidaceae collected on The 
Ecological Reserve of Caraça's Sanctuary (Minas Gerais). Gomes and Fortuna (2020) 
identified endophytic microfungi associated with two species of bromeliads, Aechmea alba 
Mez and Vriesea procera Mez, in the state of Bahia. 

In this same Atlantic Forest biome is found, among others, the Restinga ecosystem 
(MARTINS, 2012), "defined as sandy coastal plain of marine origin, covering beaches, sandy 
ridges, dunes, depressions between ridges and depressions between dunes with their 
respective marshes, ponds, swamps, and lagoons, whose vegetation and fauna are adapted to 
local environmental conditions starting at the seashore and may reach the first elevations of 
the Serra do Mar" (CONAMA 2009; CONAMA, 2012). 

In the North Fluminense region, these restingas compose a unique environment with 
native plants adapted to the harsh conditions of this environment, such as strong winds, high 
temperatures luminosity, and higher salinity, where microbial communities are little explored 
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(FREIRE et al., 2016; MUSSI-DIAS et al., 2018; BEZERRA et al., 2020). Such conditions, 
may induce plant-fungus relationship adaptations and provide the discovery of new fungal 
species, as well as metabolites produced by them, because the numerous applications of 
secondary metabolites produced by endophytic fungi, have raised interest in natural products 
for applications in industry (RANA et al., 2019) constituting, therefore, another need to know 
and disclose the presence and relationship between species in areas little explored. 

Combining the plant diversity of the restingas with the interests of mycological 
prospection for scientific purposes, the objective of this work was to explore the endophytic 
fungi communities of different native plants from the restingas of the North Fluminense 
region in order to start an inventory of this unknown and still little explored diversity, as well 
as to apply the richness and abundance of these fungi to distinguish between these areas of the 
ecosystem.  

 

2. MATERIAL AND METHODS 

2.1.  Sample collection and endophyte isolation 

The plants were collected between the months of June 2013 and June 2015 in four 
distinct areas of restinga in the northern Fluminense, between the municipalities of Macaé 
(22° 22' 18'' South and 41° 47' 9'' West) and São João da Barra (21° 38' 24" South and 41° 03' 
03" West). 

At collection, the selected leaf samples were alive, healthy, or without apparent lesions 
and adhered to the plant. All plant species were compared and identified based on species 
already deposited in the Herbarium of the Botanical Garden of Rio de Janeiro. 

2.2.  Isolation and identification of endophytic fungi 

The isolation of endophytic fungi followed the methodology described by Freire et al., 
2017. Fresh leaves were collected from healthy plants, washed with running tap water and cut 
into 0.6 cm diameter pieces, which were surfacesterilized with sequential washes of 70% 
EtOH (2 min.), 10% bleach (1% NaOCl; 2 min.), 70% EtOH (30 s) and sterile distilled water 
(MUSSI-DIAS, et al., 2012). The segments were plated onto 2% potato dextrose agar (PDA) 
and incubated at room temperature (aproximadamente 28o C) with approximately 12 h 
light/dark cycles. The morphological identification of the isolates was carried out by 
observations of the structures of the axenic colonies. Samples of all fungi isolates were 
deposited in the culture collection in the Laboratory of Chemistry and Biomolecules 
(LAQUIBIO/ISECENSA), Brazil, which are kept under sterile distilled water 
(CASTELLANI, 1964). 

The identification of the fungal specimens, at the genus level, was performed based on the 
joint morphology of the reproductive and colonial structures according to specialized 
literature, made with the aid of optical light and stereoscopic microscopes (SUTTON, 1980; 
HANLIN & MENEZES, 1996; BARNETT & HUNTER, 1998). 
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2.3. Statistics 

The data regarding the sandbanks collected plant species, isolated and identified 
endophytic fungi were prepared in a Microsoft Excel® spreadsheet for frequency analysis and 
graphs preparation. To evaluate the diversity of fungal isolates obtained from plant samples in 
the four collection areas, the PAST software (HAMMER et al., 2001) was used, calculating 
the Margalef Richness Index (d), by the equation: d = (S-1)/ln(N), where S = number of 
species (genus) and N = number of individuals (fungal isolates). 

 

3. RESULTS AND DISCUSSION 

 
The number of sampled plant species varied in each sandbank: Grussaí (33), Açu (32), 

Gargaú (37), and Jurubatiba (31).  In all plants, endophytic fungi cultivable in culture medium 
were obtained, whose relative frequency ranged from 9 to 39%, depending on the sandbank 
explored. Higher numbers of isolates were obtained from plants collected in Restinga do Açu, 
Jurubatiba, Grussaí, and Gargaú, respectively (Figure 1). Brazilian biomes such as Caatinga 
(SANTOS, 2012), Amazon Rainforest (BANHOS et al., 2014), and Atlantic Forest 
(OLIVEIRA et al., 2014), have been little studied, but in all the surveyed plants endophytic 
fungi have been found, varying in frequency and richness, usually related to studies of 
bioprospecting of biotic compounds produced by these microorganisms, not having been 
found in the literature studies considering the relationship of a large number of plant species 
and their endophytic fungi in the same ecosystem. 
  

 
Figure 1: Quantitation of endophytic fungal isolates obtained from four restinga ecosystems in 

northern Rio de Janeiro State, Brazil. 
 

 
In our survey, we obtained and recorded a total of 1787 endophytic fungal isolates 

from 78 plant species belonging to 39 botanical families (Figure 2A), found in the explored 
restingas (Table 1). 
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By morphological analysis of most isolates and by the similarity between colonies of 
these fungi it was possible to group them into 36 different genera. Of this total, half were 
identified as Nigrospora Zimm or as non-sporulated species. The other half, comprised other 
genera (Figure 2B; Figure 3). 

The fungus Nigrospora is commonly isolated from the environment and is considered 
a fungus with cosmopolitan distribution and a wide range of ecological niches, from 
endophytic and saprophytic (THALAVAIPANDIAN et al., 2011; UZOR et al., 2015) to plant 
and human pathogen (KINDO et al., 2014; WANG et al., 2017). It has also been studied as 
extremely interesting as a source of natural products and because of its potential industrial 
applications (CHEN et al., 2016). Such importance can be attributed to the other genera of 
fungi found in smaller quantities in this work, being, most of them already reported as 
endophytes. 

 

 
 

Figure 2: Relative frequency of endophytic fungi distributed among botanical families (A) 
and identified by genera (B), obtained from plant species of four different restinga ecosystems 

of northern Rio de Janeiro State, Brazil. 
 

The number of fungi not identified due to lack of sporulation (morphological 
identification) was high. Similar results were obtained by other authors (PEREIRA et al., 
1993; SURYANARAYANAN and KUMARESAN, 2000; PHOTITA et al., 2001). Hanada et 
al. (2010) studied endophytic fungi of Theobroma cacao L. and Theobroma grandiflorum 
(Willd. ex Spreng.) K. Schum. from Amazonas and Bahia, cited 35% of isolates that showed 
no sporulation. These values are higher than those found in our survey (25%). This absence of 
spore production may indicate the lack of adaptation of these fungi to the artificial culture 
medium and the conditions used in the isolation, since the environment inside the plant tends 
to be different (COSTA et al., 2012). On the other hand, they may be related to those fungi 
that do not sporulate, classified within the group "Mycelia sterilia". 

The highest percentage of fungi occurred on plants in the Fabaceae and Myrtaceae 
families, with absolute frequencies ranging from 2 to 372 isolates per family. The plant 
species Cynophalla flexuosa (L.) J. Presl and Andira fraxinifolia Benth provided, 
individually, higher numbers of isolates (Figure 4). The restinga plant community exhibits 
high endophytic fungal diversity, as more than 30% of the species were colonized by more 
than 20 fungal isolates. The endophytic niche is a rich source of microorganisms that can 
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promote benefits to plants (BARROW et al. 2008), as well as being more diverse in tropical 
plants than in temperate plants (OLIVEIRA et al., 2014). 

  

 
 
 
Figure 3: Endophytic fungal colonies were obtained from several plant species from restinga 

ecosystems in northern Rio de Janeiro state, Brazil. Genera: A) Exserohilum; B) Gliocladium; 
C, D and E) Pestalotiopsis; F) Cladosporium; G) Curvularia; H) Penicillium; I and J) Phoma; 

K) Trichoderma; L) Aspergillus; M) Bipolaris; N, O and P) Guignardia; Q) Beauveria; R) 
Alternaria; S) Colletotrichum; T) Nigrospora; U and V) Fusarium; W, X and Y) Phomopsis; 
Z, AA, AB, AC and AD) non sporulated isolates. Reprinted with permission of Freire et al., 

(2016). 
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Figure 4: Absolute frequency of endophytic fungal isolates obtained from host plants in 
restinga ecosystems in northern Rio de Janeiro State, Brazil. (NI= plant in process of 

identification). 
 
From all plants collected, 36 genera of fungi were identified: Acremonium Link, 

Alternaria Nees, Aspergillus, Chaetomium Kunze, Cladosporium Link, Cochliobolus 
Drechsler, Colletotrichum Corda, Curvularia Boedijn, Diaporthe Fuckel, Eurotium Link, 
Exserohilum K.J. Leonard & Suggs, Fusarium, Glomerella Spauld. & H. Schrenk, 
Guignardia Viala & Ravaz, Helminthosporium Link, Lasiodiplodia Ellis & Everh., Lentinus 
Fr., Macrophoma (Sacc.) Berl. & Voglino, Mortierella Coem., Neofusicoccum Crous, 
Slippers & A.J.L. Phillips, Nigrospora, Penicillium, Periconia Tode, Pestalotiopsis Steyaert, 
Phaeobotryosphaeria Speg., Phanerochaete P. Karst., Phoma Sacc., Phomopsis Sacc. & 
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Roum., Phyllosticta Pers., Rhinocladiella Nannf., Setosphaeria K.J. Leonard & Suggs, 
Stemphylium Wallr., Stenella Syd., Talaromyces C.R.Benj., Torula Pers. and Trichoderma 
Pers. 

Nine genera were common to all four restingas, regardless of the plant from which 
they were isolated. In addition, eight other genera occurred exclusively in the Gargaú and 
Grussaí restingas. In the Açu sandbank, five exclusive genera were found and in Jurubatiba, 
no exclusive genera were recorded (Figure 5). 

All fungal genera found in this study have been reported as endophytes of plants in 
several natural environments or under anthropogenic action (HANADA et al., 2010; HUANG 
et al., 2008; BEZERRA et al., 2012; PERŠOH, 2013; VIEIRA et al., 2012; GAUTAM, 2013; 
VIEIRA et al, 2014; LUO et al., 2015; RAJAMANIKYAM et al., 2017; MAADON et al., 
2018). 

Environmental factors linked to the host may be involved in the endophytic 
composition, however, the plant contributes to the establishment of the fungi, since its 
endogenous community differs among plants growing in the same area, as found in the work 
performed by Costa et al., (2012), whose fungal similarity index among mangrove plant 
species was relatively low. In our survey, the pattern of host preference was evaluated only at 
the level of the number of fungal isolates, regardless of their identification (Figure 4). Further 
analyses should be carried out to obtain diversity indices, considering each plant as an isolated 
environment (alpha diversity). So far, there was no correlation between host species 
preference as a source of specific genera of endophytic fungi from restinga, suggesting a more 
detailed view of the diversity that was not known until now in this environment. 

 
 

 
 
Figure 5: Distribution diagram of the 36 endophytic fungal genera isolated from plants of four 

restingas in the north of Rio de Janeiro State, Brazil. Each rectangle with a colored border 
represents a restinga and the overlap between them gives rise to intersections defined by the 

common or exclusive occurrence of the fungi among them. (NE = unsporulated fungus). 
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Table 1: Plant species collected from four restinga ecosystems in the north of Rio de Janeiro 
State, Brazil, which were used to study the diversity of endophytic fungi 

 

PLANT SPECIES BOTANICAL FAMILY 
RESTINGA* 

1 2 3 4 
Acrostichum danaeifolium Pteridaceae   x  
Allagoptera arenaria Arecaceae x   x 
Allophylus sp. Sapindaceae    x 
Anacardium occidentale Anacardiaceae   x  
Andira fraxinifolia  Fabaceae x x   
Annona glabra Annonaceae   x  
Avicennia schaueriana Acanthaceae  x x  
Blutaparon portulacoides Amaranthaceae x x  x 
Byrsonima sericea Malpighiaceae x x x x 
Calotropis procera Apocynaceae  x   
Canavalia rosea  Fabaceae x x  x 
Centrosema virginianum Fabaceae x x x x 
Chamaecrista flexuosa Fabaceae x    
Chamaecrista ramosa Fabaceae    x 
Chiococca alba Rubiaceae  x   
Clusia hilariana Clusiaceae x x x x 
Coccoloba alnifolia  Polygonaceae x x x  
Commelina erecta Commelinaceae x x   
Cupania emarginata Sapindaceae    x 
Cynophalla flexuosa Capparaceae x x  x 
Cyperus ligularis Cyperaceae   x  
Cyperus sp. Cyperaceae   x  
Dalbergia ecastaphyllum Fabaceae  x x  
Diospyros inconstans Ebenaceae x    
Erythroxylum ovalifolium Erythroxylaceae    x 
Eugenia astringens Myrtaceae x  x x 
Eugenia dichroma  Myrtaceae x    
Eugenia pruniformis Myrtaceae   x  
Eugenia punicifolia  Myrtaceae x x   
Eugenia selloi Myrtaceae    x 
Eugenia uniflora Myrtaceae x x x x 
Euphorbia tirucalli Euphorbiaceae  x   
Guapira pernambucensis Nyctaginaceae    x 
Hibiscus pernambucensis Malvaceae  x x  
Hybanthus calceolaria Violaceae  x   
Hydrocotyle bonariensis  Araliaceae x x   
Inga laurina Fabaceae x x  x 
Inga maritima Fabaceae    x 
Ipomoea imperati Convolvulaceae x x  x 
Ipomoea pes-caprae  Convolvulaceae x x x x 
Jacquinia armillaris Primulaceae    x 
Laguncularia racemosa Combretaceae  x   
Manilkara subsericea Sapotaceae x x  x 
Maytenus obtusifolia  Celastraceae x x   
Mitracarpus frigidus Rubiaceae x    
Myrciaria tenella Myrtaceae   x  
Myrsine parvifolia Primulaceae x   x 
Myrsine rubra Primulaceae    x 
Myrsine umbellata Primulaceae    x 
**NI 1 Fabaceae   x  
**NI 2 Fabaceae   x  
**NI 3 Asteraceae   x  
**NI 4 **NI   x  
**NI 5 Cyperaceae   x  
**NI 6 Fabaceae   x  
**NI 7 Myrtaceae  x   
Passiflora sp. Passifloraceae   x  
Paullinia weinmanniifolia Sapindaceae x x   
Pera glabrata Peraceae x x x  
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*RESTINGA: 1 = Açu Restinga; 2 = Grussaí Restinga; 3 = Gargaú Restinga; 4 = Jurubatiba restinga; **NI: 
unidentified. 

 
The biodiversity of endophytic fungi from the four restingas, based on the 

identification of isolates, as a function of the total number of endophytes obtained from all 
sampled plants, was high. 

When the Margalef Richness Index was applied to all fungi obtained from the four 
studied areas, regardless of the plant species, higher diversity was observed when compared to 
the indices obtained for each restinga separately (Figure 6). The highest diversity index was 
detected for the restinga of Gargaú, followed by the restingas of Grussaí, Açu, and Jurubatiba. 
There was some variability in the diversity related to each restinga, and, under this 
generalized view of the collected volume of isolate, the restinga of Gargaú presented the 
highest diversity value, while the restingas of Grussaí, Açu, and Jurubatiba presented 
decreasing indices, respectively. This diversity is represented by the four circular crowns 
(Figure 6), whose colors, in each one, represent the abundance of the most frequent fungal 
species (genera). 

  

 

Protium heptaphyllum  Burseraceae x   x 
Pseudobombax grandiflorum Malvaceae   x  
Psidium cattleyanum Myrtaceae   x  
Psidium guajava Myrtaceae   x  
Pyrostegia venusta Bignoniaceae   x  
Remirea maritima Cyperaceae x x  x 
Rhizophora mangle Rhizophoraceae   x  
Schinus terebinthifolia Anacardiaceae x x x x 
Schoenoplectus californicus Cyperaceae   x  
Scutia arenicola Rhamnaceae x x   
Sideroxylon obtusifolium  Sapotaceae x   x 
Smilax rufescens Smilacaceae x x x x 
Sophora tomentosa Fabaceae    x 
Stigmaphyllon sp. Malpighiaceae   x  
Struthanthus flexicaulis Loranthaceae  x   
Syzygium cumini Myrtaceae   x  
Temnadenia stellaris Apocynaceae   x  
Tocoyena bullata Rubiaceae    x 
Typha dominguensis Typhaceae   x  
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Figure 6: Endophytic fungal diversity of restinga ecosystems from northern Rio de Janeiro 
State, Brazil. Each circular crown represents a sandbank and its sections the intensity of 

occurrence of the identified genera. 
 

The restingas of Açu and Jurubatiba are more preserved when compared to the 
restingas of Grussaí and Gargaú, the latter two with accentuated human degradation. If we 
consider the richness indices presented in Figure 6, the diversity of fungi seems to be 
inversely proportional to the stage or degree of degradation of the restingas, because, 
according to Odum (1988), diversity is usually higher in natural ecosystems that show great 
stability, while in ecosystems with anthropic interference the uniformity is low, resulting in 
the high dominance of a few species. 

Analyzing this way and considering the variations between the plant species collected 
in different areas, to obtain the fungi, most of the time, what we have is only an estimate of 
the diversity in these areas, which is necessary for the analysis of patterns that may arise 
(MELO, 2008). 

From this view, it was possible to select, for a more standardized comparison, only the 
fungi obtained from the same plant species occurring in the four restingas. Thus, the patterns 
of fungal richness among the restingas (Figure 7), under this restriction, the restinga of Açu 
can be considered with higher diversity, and the most preserved, because the general index for 
diversity was almost the same. The least diversity was presented by the Gargaú restinga, 
which is considered the most degraded. 

The Margalef Index (1956) shows the specific richness and refers to the total number 
of individuals. The higher its value, the greater the diversity of the sampled community. 
Margalef's Richness Index was useful for comparing the sandbanks because it distinguished 
the communities by the number of fungal genera per number of individuals found, 
considering the size of each sample. Thus, there is a tendency to assume a constant value 
about to increases in sampling effort (MELO, 2008). Besides this, other diversity indexes 
(Fisher, Menhinick, and Shannon) were tested and, in all of them, the same trends were 
followed for fungal diversity in the four restingas (data not shown). 
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Figure 7: Diversity of endophytic fungi, obtained from the same plant species in four 
sandbanks in the north of Rio de Janeiro State, Brazil. Each circular crown represents a 

sandbank and its sections the intensity of occurrence of the identified genera. 

4. CONSIDERATIONS 

Although there has been a small increase in the number of studies on endophytic fungi 
in restinga areas, practically nothing is known about the presence and identification of these 
organisms associated with plant species of this ecosystem. This represents a potential source 
of species diversity and raises the need to know their presence, relationships, and 
applicability, since the restingas are considered unique spaces because they converge with 
other biomes, making it a different environment for the prospection of new fungal species. 
Thus, the limits of diversity (species richness) observed in the composition of these 
environments can serve as a preliminary parameter in the evaluation and comparison of 
biodiversity and preservation of these areas. 
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