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Abstract

Urbanization directly affects the structure of vegetation, which makes essential studies focused on understanding and
conserving the biodiversity along urban environments. This study aimed to describe the structure of the vegetation and
identify the predominant herbaceous species in non-urbanized and urbanized sand dune areas, analyzing their diversity
and richness in Maranhdo Island. The study was conducted in six dunes area, in which were allocated where 150 plots
were allocated in three urbanized area, and 150 plots in three non-urbanized area. We counted all the herbs in each plot (1
m?), recording data on richness, diversity and vegetation cover. To evaluate the difference in the composition of the areas,
the following tests were used: Shapiro-Wilk W test (data distribution), Student t test (species richness) and Hutcheson t
test (diversity comparison). We recorded 3,643 individuals: of this total, 2,075 individuals in urbanized dunes and 1,568
individuals in non-urbanized dunes; we found 91 species, 59 genera and 27 families. Richness was higher in urbanized
areas; however, non-urbanized areas showed greater diversity and uniformity. The floristic composition of the areas dif-
fered, according to the species indicator, showing 19 typical urbanized dune species and 9 non-urbanized dune species.
NMDS showed that the urbanized and non-urbanized dunes presented distinct species compositions and densities; the
ANOSIM revealed a significant correlation between the type of dune and the degree of taxonomic similarity between
plots. The diversity of the herbaceous vegetation provides important data that can be used to guide research on conserva-
tion and management of dune areas.
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Introduction

The coastal zone is of great importance to humanity, given
the various existing ecosystems. Among these ecosys-
tems, dune areas deserve special attention because they are
considered transition zone, as they connect terrestrial and
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in the world (Defeo et al. 2009; Buffa et al. 2012); caus-
ing the loss of flora and fauna species and the consequent
decrease in biodiversity in several patches of vegetation off
the Brazilian coast (Sacramento et al. 2007).

Coastal dunes provide diverse ecosystem services of
great importance to people. Among these ecosystem ser-
vices, we can mention water quality, environmental beauty,
recreation, and coastal zone protection, against storms and
rising sea levels, helping to control flooding and erosion in
this ecosystem (Everard et al. 2010; Feagin et al. 2019; Gal-
lego-Fernandez et al. 2019). Added to this, there is the pos-
sibility of using native species of the dunes with ornamental
potential, thus presenting a direct relationship between con-
servation and knowledge of the local flora (Sousa and Ver-
sieux 2020).

The herbaceous vegetation also helps to stabilize the
dune soil. These environments are subject to considerable
stress levels, mainly due to nutrient deficiency, low organic
matter content, and a wide range of humidity and tempera-
ture, besides wind high intensity (Acosta et al. 2007; Pye
and Tsoar 2009).

In Brazil, the decline of coastal vegetation is occurring
along most of the coastline, contributing to the extinction
of several species (Sacramento et al. 2007). The lack of
knowledge about the floristic richness, plant structure and
its potential has further compromised the maintenance and
conservation of these coastal areas (Sacramento et al. 2007;
Serra et al. 2016). In addition, directing research towards
dunes that are further away from urban centers limits knowl-
edge of the local flora in view of the need to also conserve
plants that develop in urbanized coastal areas.

The present study will test the hypothesis that urban dunes
are structurally distinct from non-urban dunes, showing less
richness and diversity. The data obtained in this study will
contribute with more information about the herbaceous veg-
etation, subsidizing projects aimed at the conservation and
recovery of the dune areas of the northeastern coast.

Materials and methods
Study areas

The study was developed between May 2015 and May
2016, in six different dune areas of Maranhio Island, North-
eastern Brazil. Three dunes were considered as non-urban-
ized, by being far from the urban center and having difficult
access: Panaquatira Beach (02°28°23”’S; 44°03°13,8”W;
municipality of S3o Jos¢ do Ribamar), Catra Beach
(02°33°15,2’S; 44°02°50,2W; Séo Jos¢ do Ribamar) and
Curupu Beach (02°24°09”°S; 44°01°19”W; municipality of
Raposa). Three dunes were considered urbanized, by being
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near to the urban center: Sdo Marcos Beach (02°29°7"S;
44°15°59"W; municipality of Sdo Luis, Araujo et al. 2016),
Guia Beach (02°31°59,2”’S; 44°20°57,7”W; Sao Luis), and
Aragagi Beach (02°27°56°°S; 44°10°55” W; municipality of
Pago do Lumiar) (Fig. 1).

The climate of Maranh@o Island is type Aw, tropical hot
and humid, according to the Kdppen classification system
(Alvares et al. 2013). The average annual temperature is
28°C, with a variation of 25-33 °C (INMET 2015). Mara-
nhao Island has two distinct seasons: a rainy period, which
extends from January to June, and a dry season, comprising
the period from July to December. Annual precipitation var-
ies from 1,250 to 2,000 mm (INMET 2015).

Sampling of the herbaceous vegetation

Herbaceous sampling in each selected area was conducted
by establishing 50 plots of 1x 1 m, distributed in transects
that varied from 30 to 50 m in length, and which were set
10 m apart, running perpendicular to the shoreline. The
position (right and left) of each plot in the transect was
determined according to random draw. Transect size varied
due to the different extension of herbaceous vegetation and
to the irregularity of the chosen areas.

We considered as herbaceous those plants that did not
present woody stem throughout their length (Gongalves and
Lorenzi 2011). We considered as an individual each plant
that was individually distinguishable at the ground level,
including the ramets of the rhizomatous or stoloniferous
species (frequent in the areas). In the case of individuals
with aggregated pattern, such as the species of the family
Poaceae, each individual ramet was considered as an indi-
vidual, even belonging to the same genet. The vegetation
cover (VC) was obtained through visual estimation (Brower
and Zar 1984), with the help of a 1m? plot subdivided into
100 smaller than 10x 10 cm, each corresponding to 1% of
the plot (Pereira et al. 2004).

A sample of each species was collected and herborized,
serving as reference testimonials (Peixoto and Maia 2013),
for later identification. The organization of the families fol-
lowed the APG IV (2016) classification system. Correct
spelling of the species names was verified by consulting the
site Flora e Funga do Brasil (http://floradobrasil.jbrj.gov.
br/); subsequently, exsiccated specimens were deposited in
the MAR Herbarium collection at the “Universidade Fed-
eral do Maranhdo”.

In terms of the structural parameters, we calculated: rela-
tive frequency (RF), relative cover (RC), and importance
value (IV) of each sampled species (Menezes and Araujo
1999). The density data of herbs at each site was obtained
by counting the individuals rooted within each plot (Lima
et al. 2015). The importance value (IV) was obtained by
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Fig. 1 Map of the dunes of the Maranhdo Amazonian coast, Maranhao State, Brazil. The location of the collection areas. Non-urbanized: beaches
of Panaquatira, Catira and Curupu. Urbanized areas: beaches of Sdo Marcos, Guia and Aragagi

summing the relative frequency and relative dominance
(Menezes and Araujo 1999; Assumpgdo and Nascimento
2000; Pereira et al. 2004; Cordeiro 2005).

To analyze diversity, the Shannon index (H’) was cal-
culated. Pielou index (J’) represented the uniformity of the
individuals’ distribution in the areas. For both indexes, veg-
etation cover and species frequency data were used to mea-
sure abundance (Magurran 1988).

Data analysis

To verify whether the sample data followed a normal dis-
tribution, the Shapiro-Wilk (W-test) was performed (Ayres
et al. 2007). To verify whether richness and species density
differed between urbanized dunes and not urbanized, the
Student’s t-test was used. All the cited tests were performed
in Biostat 5.0 (Ayres et al. 2007).

Species richness at the spatial scale of the habitat was
assessed by comparing species-individual accumulation
curves, after 1000 randomizations in the Vegan package of
the program R (v. 3.1.1); these curves were also used to infer

species turnover (Lima et al. 2015). To compare between
the Shannon-Weaver diversity index (H’) values of the two
habitats (urbanized and non-urbanized), the Hutchinson
t-test was used (Zar 1996), with 0.=0.05.

To ascertain whether the urbanized dunes were structur-
ally distinct from the non-urbanized dunes, a non-metric
multidimensional scaling (NMDS) analysis was performed,
in which all 300 plots were rank ordered according to the
Bray-Curtis dissimilarity matrix, which was created based
on a matrix of species density per plot (Krebs 1989). The
density of individuals was standardized and transformed
into square root (Clarke and Gorley 2005) to avoid any bias
related to high density of individuals in the plots (Santos et
al. 2008). To test the effect of habitat type (urbanized and
non-urbanized) on the species similarity between plots, a
similarity analysis (ANOSIM) was performed, with the
habitat type as one factor. Both the NMDS and the ANO-
SIM were performed in Primer 6.0 software (Clarke and
Gorley 2005).

Finally, we performed an indicator species analysis
(Dufréne and Legendre 1997) based on the two types of
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surveyed environment: one consisting of the data set for the
plots on urbanized dunes, and the other, for the plots on non-
urbanized dunes.

Results
Structural arrangement

In the 300 surveyed plots, we recorded 3,643 individuals,
representing 93 species and 28 families. The families with
the greatest number of species were Fabaceae (21 species),
Cyperaceae (14), Poaceae (13) and Rubiaceae (5). The
urbanized dunes presented 2,075 individuals belonging to
75 species and 19 families; the not urbanized dunes pre-
sented 1,568 individuals representing 58 species and 19
families (Table 1).

In terms of structural arrangement, the species that pre-
sented the greatest importance values in the two habitats
were Paspalum maritimum, and Chamaecrista hispidula.
However, the species Alternanthera tenella also stood out
in the urbanized areas, while Centrosema brasilianum and
Aeschynomene paniculata were notable in the not urbanized
areas (Table 1).

The density of herbs was statistically higher (T =1.7846;
p=0.0384) on the urbanized dunes. Considering each plot,
the density showed a variation of 0-87 herbs/m* on the
urbanized dunes (13.8+18; Average+SD) and of 1-107
herbs/m? on the not urbanized dunes (11 + 15).

The species richness was significantly greater on the
urbanized dunes (4.9 +2.8; Average + SD) than on the non-
urbanized dunes (3.9+1.8) (T=3.7394; p=0.0001). This
difference was also observed in the accumulation curves, in
which the non-urbanized dunes showed lower herbaceous
species richness, exhibiting low species turnover through-
out the plots (Fig. 2). At greater spatial scales, the non-
urbanized dunes tend to support approximately 3/4 of the
richness observed on the urbanized dunes.

Analyzing the diversity (H’) between areas, non-urban-
ized dunes (3.464 nats/ind.) presented significantly greater
diversity (T = -2.6111; v=3625.592; p<0.05) than the
urbanized dunes (3.374 nats/ind.). Furthermore, the even-
ness recorded for the not urbanized dunes (J° = 1.940)
showed more homogeneity than the urbanized dunes (J° =
1,799).

Floristic composition
The NMDS ordination analysis revealed that the urban-
ized and not urbanized dunes were distinct in terms of spe-

cies composition and the density of some taxa, with visible
segregation of groups of urbanized and not urbanized sites
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(Fig. 3). Additionally, the ANOSIM revealed a significant
correlation between the type of dune and the degree of taxo-
nomic similarity between plots (r=0.158; p=0.001), con-
ferring greater reliability to the rank ordering of the data.

Indicator species analysis

The indicator species analysis highlighted the occurrence
of 19 species that can be considered typical of urbanized
dunes, and nine indicator species of non-urbanized dunes
(Table 2; Fig. 4). Indicator species are classified as native,
except Calotropis procera, which is categorized as natural-
ized. In the structural sampling, Calotropis procera was
recorded only on Guia beach, however, this species is part
of the floristic list of plants identified in the dunes of Séao
Marcos, Aragagi and Panaquatira.

Among the indicator species of non-urbanized habitat
is the species Sporobolus virginicus, which, in addition to
presenting the highest indication value, is the most repre-
sentative species. Turnera melochioides (with the second
highest indication value), [pomoea pes-caprae, and Indigo-
fera microcarpa (with third and fourth highest indication
values).

Among the indicator species of urbanized dunes, Cen-
trosema brasilianum (species with the highest IV® and
greatest representation in the sample), Cassytha filiformis,
Ipomoea imperati, and Borreria verticillata stand out. Not
only are these species cited as indicators of urbanized envi-
ronments, they also presented the highest importance values
for the different habitats when the structural arrangement of
the vegetation was considered.

Discussion

The obtained results suggest that anthropization is an
important factor inducing the structural modification of the
herbaceous component in dune environments, given the sig-
nificant differences found in the richness, diversity, density
and floristic composition of the analyzed dune areas. Fur-
thermore, the elevated number of herbaceous species found
in the studied environments highlights the considerable
richness and diversity of the plant assemblage occurring on
dunes, regardless of their conservation status (Rocha et al.
2007).

The vegetation density of the herbaceous assembly in
the present study is in agreement with studies previously
conducted in different environments (Indcio and Jarenkow
2008; Lima et al. 2015), in which a few species are predomi-
nant and a few rare species occur.

The high representation of herbs on urbanized dunes
probably reflects the dispersal, establishment and survival
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Table 1 List of species of the dunes of the Island of Maranh&o, Maranhdo State, Brazil. Their respective values of importance (VI) in the dunes
urbanized and non- urbanized of the coastal dunes Amazonian Maranhdo. Herbaceous sampling in each area was conducted by establishing 50

plots of 1 x 1 m. Values of species with the highest VI are in bold

Species Family Urbanized Non-Dunes Urbanized Dunes
Panaq Cur Caar S.Mar Ara Gui
VI VI VI VI VI VI
Paspalum maritimum Trin. Poaceae 53.07 8.32 51.66 57.02 20.21 46.55
Ipomoea pes-caprae (L.) R.Br. Convolvulaceae - 52.88 - - - 27.43
Turnera melochioides Cambess. Turneraceae 22,58 - - - - -
Paspalum ligulare Nees Poaceae 4.26 6.43 - 21.9 - -
Sporobolus virginicus (L.) Kunth Poaceae - 27.61 1143 - - 1.58
Chamaecrista diphylla (L.) Greene. L. Fabaceae - 2.0 6.17 - 19.33  1.68
Chamaecrista hispidula (Vahl) H.S. Irwin e Barneby Fabaceae 1831 8.7 18 18.65 8.87 0.7
Ipomoea imperati (Vahl) Griseb. Convolvulaceae 1559 - 2.32 1.87 16.48 24.04
Turnera pumilea L. Turneraceae - 14.25 - 5.02 1.47 0.83
Alternanthera tenella Colla Amaranthaceae 13.48 - - 2.78 1.33 7.55
Alternanthera brasiliana (L.) Kuntze Amaranthaceae 12.58 - - - - -
Euploca polyphylla (Lehm.) J.I.M.Melo & Semir Boraginaceae - 4.71 1.75 9.85 - -
Centrosema brasilianum (L.) Benth. Fabaceae 7.98 0.77 16.84 8.1 5.32 27.96
Calotropis procera (Aiton) W.T. Aiton Apocynaceae - - - - - 11.35
Portulaca halimoides L. Portulacaceae 291 - 6.56 - - 0.73
Passiflora foetida L. Passifloraceae 10.77  1.89 - 0.37 1.88 0.96
Cenchrus echinatus L. Poaceae - 11.28 - - 4.92 -
Indigofera microcarpa Desv. Fabaceae 4.59 10.16 - - - -
Kyllinga odorata Vahl Cyperaceae - 6.52 22 - 10.8 -
Galactia striata (Jacq.) Urb. Fabaceae - - 8.87 4.72 - 0.7
Pombalia calceolaria (L.) Paula-Souza Violaceae 10.12  5.62 - 3.35 4.15 11.34
Canavalia rosea (Sw.) DC. Fabaceae 1046 - - - 0.72 10.02
Blutaparon portulacoides (A.St.-Hil.) Mears Amaranthaceae - - 5.69 - - -
Mitracarpus salzmannianus DC. Rubiaceae 1.61 - - 2.01 1.41 -
Fimbristylis cymosa R.Br. Cyperaceae - 3.87 5.28 - 3.47 -
Macroptilium gracile (Poepp. Ex Benth.) Urb. Fabaceae 3.55 5.75 - 2.87 - -
Borreria verticillata (L.) G. Mey. Rubiaceae - - 3.01 6.26 6.54 0.67
Asemeia martiana (A.W. Benn.) J.F.B. Pastore ¢ J.R. Abbott Polygalaceae 2.49 - 1.14 0.36 222 -
Pavonia cancellata (L.) Cav. Malvaceae - - - 4.64 0.36 -
Clitoria laurifolia Poir. Fabaceae - - - 2.44 6.24 -
Turnera subulata Sm. Turneraceae - 2.18 1.14 2.04 22 5.07
Xyris anceps Lam. Xyridaceae - - 2.44 - - -
Crotalaria retusa L. Fabaceae - 6.34 0.57 - 5.22 4.1
Pycreus polystachyos (Rottb.) P.Beauv. Cyperaceae - 441 - - 3.42 -
Mollugo verticillata L. Molluginaceae - 4.17 - - - -
Cyperus ligularis L. Cyperaceae 0.47 2.02 0.93 - 1.22 3.68
Marsypianthes chamaedrys (Vahl) Kuntze. Lamiaceae 3.44 - 316 23 2.87 -
Aeschynomene paniculata Willd. ex Vogel Fabaceae 2.42 - - - 0.9 -
Commelina erecta L. Commelinaceae 1.41 - - - 1.3 0.7
Mimosa candolei R. Grether Fabaceae 3.37 - - 0.4 3.72 -
Cnidoscolus urens (L.) Arthur Euphorbiaceae 322 2.26 - 0.37 -
Chamaecrista flexuosa (L.) Greene Fabaceae 1.13 - - 5.57 1.35 0.89
Cyperus articulatus L. Cyperaceae 1.05 - - - - -
Ambrosia microcephala DC. Asteraceae 4.0 - - - - -
Lepidaploa arenaria (Mart. ex DC.) H. Rob. Asteraceae - - - 291 - -
Stylosanthes angustifolia Vogel Fabaceae 2,33 - 0,57 241 4,74 -
Zornia latifolia Sm. Fabaceae 1,81 - - - - -
Sesuvium portulacastrum (L.) L. Aizoaceae - - 0.64 - - -
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Table 1 (continued)

Species Family Urbanized Non-Dunes Urbanized Dunes
Panaq Cur Cair S.Mar Ara Gui
VI VI VI VI VI VI
Emilia fosbergii Nicolson Asteraceae - - - 0.59 2.88 -
Wedelia villosa Gardner Asteraceae - - - 3.17 - -
Cucumis anguria L. Cucurbitaceae - - 0.6 - - -
Cucurbitaceael Cucurbitaceae - - 0.62 - - -
Ceratosanthes palmata (L.) Urb. Cucurbitaceae - - - - - 1.55
Bulbostylis capillaris (L.) C.B.Clarke Cyperaceae - - 1.45 - - -
Cyperus aggregatus (Willd.) Endl. Cyperaceae - - 3.73 - 0.9 -
Cyperus surinamensis Rottb Cyperaceae - - - 4.5 - -
Lipocarpha micrantha Vahl. Cyperaceae - 0.61 - - - -
Pycreus sp. Cyperaceae - 3.26 5.95 - 2.88 -
Chamaesyce hyssopifolia (L.) Small Euphorbiaceae - - - - 0.37 -
Microstachys corniculata (Vahl) Griseb. Euphorbiaceae - - - - 0.36 -
Chamaecrista ramosa (Vogel) H.S.Irwin & Barneby Fabaceae - - 337 - - -
Chamaecrista rotundifolia (Pers.) Greene Fabaceae - - - - 1.66 -
Desmodium barbatum (L.) Benth. Fabaceae - 0.61 1.71 1.11 1.15 -
Phaseolus vulgaris L. Fabaceae - - - - 0.93 -
Mimosa pudica var. tetrandra (Humb. & Bonpl. ex Willd.) DC. Fabaceae - - - 1.52 - -
Zornia guanipensis Pittier Fabaceae - - 3.0 - - -
Zornia reticulata Sm. Fabaceae - - - 0,37 - 0,37
Schultesia guianensis (Aubl.) Malme Gentianaceae - - 2.33 - 0.36 -
Cassytha filiformis L. Lauraceae - - 1.76 2.3 2.87 -
Spigelia anthelmia L. Loganiaceae - - - - 0.49 -
Waltheria indica L. Malvaceae - - - 0.74 - -
Ludwigia leptocarpa (Nutt.) H.Hara Onagraceae - 0.72 3.37 - - -
Buchnera nordestina Scatigna Orobanchaceae - - 0.88 - 0.41 -
Digitaria horizontalis Willd. Poaceae - - - - 2.88 -
Setaria vulpiseta (Lam.) Roem. e Schult. Poaceae - - - 0.4 - -
Borreria latifolia (Aubl.) K. Schum. Rubiaceae - - - 0.42 - -
Richardia grandiflora (Cham. & Schltdl.) Steud. Rubiaceae - - - - 1.16 -
Euphorbiaceae 1 Euphorbiaceae - - - 0.37 - 7.92
Morphospecie 2 - - - - 4.23 - -
Panicum sp. Poaceae - - - - 2.22 -
Phyllanthus sp. Phyllanthaceae - - - - 1.86 -
Chlioris sp. Poaceae - - - - 0.36 -
Diodella sp. Rubiaceae - - 1.67 - 0.4 -
Croton sp. Euphorbiaceae - - - - 1.81 -
Paspalum sp. Poaceae - - - - - 1.32
Cyperus sp. Cyperaceae - - - 0.37 - -
Cyperus sp. 1 Cyperaceae - - - 0.37 - -
Cyperus sp. 2 Cyperaceae - - - 0.75 - -
Cyperaceae 8 Cyperaceae - - - 0.44 - -
Paspalum sp. 1 Poaceae - - - - 0.78 -
Poaceae 3 Poaceae - - - - 0.77 -
Poaceae 2 Poaceae - - - - 0.49 -
Paspalum sp. 2 Poaceae - - - - 1.4 -
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characteristics of species that compose these environments
(Amorim et al. 2016a). For some herbaceous species of the
family Poaceae, rhizomes enable them to respond more rap-
idly to disturbance, to quickly colonize and dominate open
spaces (Lima et al. 2015; Amorim et al. 2016a; Araujo et al.
2016). Such a characteristic propote the densification of spe-
cies (probably pioneers) that can withstand strong pressures
imposed by the dune environment as well as those related
to anthropization (Amorim et al. 2016a). This is contrary

to the non-urbanized dunes, which suffer less human influ-
ence, confirming that the difference in diversity between the
environments may be a response to anthropization (Carboni
et al. 2010).

The high richness of herbaceous species in urban-
ized environments may be a consequence of the domi-
nance of some species such as Centrosema brasilianum,
Cassytha filiformis, Ipomoea imperati, Borreria verticillata,
Chamaecrista diphylla, and Turnera subulata. These plants

@ Springer



Urban Ecosystems

Table 2 Herbaceous indicative INDICATOR SPECIES ORIGIN HABITAT Iv* P (Value )
species recorded in urbamzed Centrosema brasilianum Native UD 0.316 0.001
dunes and non-urbanized dunes ) ) .
on the Maranhio Amazonian Cassytha filiformis Native UD 0.205 0.001
coast. Legend: UD: Urbanized Ipomoea imperati Native UD 0.188 0.009
dunes; NU: Non-urbanized Borreria verticillata Native UD 0.180 0.001
dunes. IV*: Indication value. Chamaecrista diphylla Native UD 0.118 0.009
a=Significance values for the Turnera subulata Native UD 0.103 0.002
1nd1cat0rksp601es, according to Desmodium barbatum Native UD 0.094 0.002
the Dufréne and Legendre (1997) Chamaecrista flexuosa Native UD 0.087 0.002
Kyllinga odorata Native UD 0.085 0.005
Euploca polyphylla Native uD 0.082 0.028
Calotropis procera Naturalized UD 0.081 0.001
Pavonia cancellata Native UD 0.081 0.001
Clitoria laurifolia Native UD 0.074 0.001
Mimosa pudica Native UD 0.068 0.001
Stylosanthes angustifolia Native UD 0.067 0.03
Morphospecie 2 - UD 0.054 0.009
Wedelia villosa Native UD 0.047 0.007
Lepidaploa arenaria Native UD 0.040 0.013
Panicum sp. - UD 0.040 0.012
Sporobolus virginicus Native NU 0.214 0.001
Turnera melochioides Native NU 0.193 0.001
Ipomoea pes-caprae Native NU 0.182 0.001
Indigofera microcarpa Native NU 0.086 0.001
Portulaca halimoides Native NU 0.075 0.004
Passiflora foetida Native NU 0.073 0.03
Cenchrus echinatus Native NU 0.063 0.008
Alternanthera brasiliana Native NU 0.053 0.009
Blutaparon portulacoides Native NU 0.040 0.031

Relative Density

Fig. 4 Ranking curve of herbaceous species recorded in urbanized
dunes (A) and Non-urbanized dunes (B) on the Amazonian coast of
Maranhao State. The abbreviations for the indicator species of both
habitats are as follows: Cebr, Centrosema brasilianum; Cafi, Cassytha
filiformis; Ipim, Ipomoea imperati; Bove, Borreria verticillata; Chdi,
Chamaecrista diphylla; Tusu, Turnera subulata; Deba, Desmodium
barbatum; Chfl, Chamaecrista flexuosa, Kyod, Kyllinga odorata;
Eupo, Euploca polyphylla; Capr, Calotropis procera; Paca, Pavonia
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cancellata; Clla, Clitoria laurifolia; Mipu, Mimosa pudica; Stan, Sty-
losanthes angustifolia; Mor2, Morphospecie 2; Wevi, Wedelia villosa;
Lear, Lepidaploa arenaria; Panl, Panicum 1; Spvi, Sporobolus virgin-
icus; Tume, Turnera melochioides; Ippc, Ipomoea pes caprae; Inmi,
Indigofera microcarpa; Poha, Portulaca halimoides; Pafo, Passiflora
foetida; Ceec, Cenchrus echinatus; Albr, Alternanthera brasiliana;

Blpo, Blutaparon portulacoide
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are classified as ruderal and may be indicative of disturbed
environments. This compromises the establishment of local
native species that are important for the dunes (Araujo et
al. 2016; Menezes et al. 2012). This pattern of richness
has already been mentioned in other studies carried out in
coastal areas, both for herbaceous and arboreal flora (Borém
and Oliveira-Filho 2002; Buffa et al. 2012).

Although dunes environments are naturally hostile to
many plants, due to the scarcity of nutrients, low water avail-
ability, and high luminosity and temperature (Brunbjerg et
al. 2015), vegetation surveys of the dunes on Maranhdo
Island revealed greater heterogeneity than results observed
in studies conducted in other coastal environments (Assis et
al. 2004; Pereira et al. 2004). Considering these characteris-
tics, associated with the structural arrangement, there was a
predominance of herbaceous indicator species of urbanized
dunes relative to not urbanized dunes.

The indicator species analysis confirmed the existence
of a set of species most representative of each environment
(see Table 2; Fig. 4), emphasizing the differences found in
the distribution pattern of species density and in the simi-
larity (McGill et al. 2007; Lima et al. 2015). In addition,
the species contribute to dune stabilization, for being typi-
cal of these environments, assist to provide initial shade,
enabling the establishment of other seeds. It is worth noting
that increase in urbanization, the green spaces that are main-
tained in urban areas should be considered as a possibility
of ex-situ conservation of native species that managed to
establish and develop (Sousa and Versieux 2020).

Given the diversity values found in this study, more
attention must be paid to the continuing anthropization of
dunes, which may lead to a loss of environmental quality in
the long term, through colonization by ruderal species. Such
species may become invasive in the future and thus deter
colonization by both the native herbaceous and other strata
(Rosa and Cordazzo 2007; Buffa et al. 2012). The impedi-
ment of colonization of native plants in the urbanized dunes
may be associated with the misuse of exotic species in land-
scaping projects in the gardens of summer houses and in
public areas. What offers more risks of biological invasion
(Sousa and Versieux 2020).

In this context, the species Calotropis procera can be
considered a threat due to its rapid establishment in areas.
In addition, because Calotropis procera does not have natu-
ral predators in areas of coastal vegetation, the population
invests more energy in growth and reproduction, and can
spread quickly in dune areas (Cavalcanti and Major 2006;
Leal et al. 2010). This species was also identified in floristic
studies carried out in different areas of dunes and restingas
in Maranh3o state (Amorim et al. 2016b; Silva et al. 2016;
Lima and Almeida Jr 2018). The may be an indication of
a future threat to non-urbanized dunes, and should serve

as a warning for the protection of these areas in the face
of anthropic actions already observed. Although this spe-
cies apparently does not bring immediate risks to the dunes,
flora monitoring studies and analyzes on the flowering and
fruiting of potentially invasive species must be developed in
order to protect the richness of the local flora of the dunes.

Despite presenting differences in diversity between the
two habitats. The indices obtained in this study presented
similar values when compared to other dune areas, whose
values varied from 1.69 nats/ind. (Araujo et al. 2016) to
3.25 nats/ind. (Klein et al. 2007), with most studies present-
ing a diversity value within that interval (Pereira et al. 2004;
Palma and Jarenkow 2008; Carvalho and Sa 2011; Amorim
etal. 2016a).

In general, the non-urbanized areas are less affected by
anthropogenic disturbances and have higher diversity indi-
ces (Melo 2008), and they demonstrated greater uniformity
in the distribution of their individuals, considering the spe-
cies. The lower evenness exhibited in the urbanized areas
may be related to a reduction of species typical of dunes,
favoring the establishment of species considered as ruderal
(Paspalum maritimum, Chamaecrista diphylla, Turnera
subulata), which tolerate sudden changes and compete more
effectively for resources than the native species (Laurance
2002; Amorim et al. 2016a). The maintenance of native spe-
cies can bring benefits to urbanized dunes, because they do
not cause competition and benefit the local fauna, in addi-
tion to preserving the natural characteristics of coastal areas
and regional biological identity (Kabashima et al. 2011;
Loges et al. 2013).

Based on the above, it may be concluded that the vegeta-
tion of urbanized dunes differs from non-urbanized in terms
of floristic composition, richness, diversity, evenness, and
density. However, the urbanized areas presented greater spe-
cies richness relative to the non-urbanized dunes, due to the
occurrence of plants considered as ruderal, which are more
resistance to environmental changes. The low diversity (H*)
indices were also caused by the presence of these oppor-
tunistic plants, which influenced the floristic and structural
composition of the herbaceous assemblage. The two sets
of indicator species highlight the differences between the
environments.

Thus, despite anthropic activity, it is still possible the
find a rich herbaceous assemblage in dune areas. However
this fragile ecosystems and of great importance for human
communities, this environment require better effort for
conservation.
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