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Abstract

This study aimed to evaluate and compare the intertidal macroalgae community from reef structures subject to different urban-
ization degrees. Samplings were made in 11 beaches from the Pernambuco coast, northeastern Brazil. The sites were classified
according to the level of urbanization into three classes of increasing urbanization pressure: non urbanized (NU), in urbanization
process (UP), and consolidated urbanization (UC). Macroalgae were identified in situ non-destructively. A total of 53 taxa were
identified, 41 of these were macroalgae. Significant differences were observed in the composition of macroalgae according to the
urbanization levels, with Palisada perforata, Gelidiella acerosa, and Caulerpa spp. dominating NU and UP sites, whereas
Chondracanthus acicularis, Bryopsis sp., and Ulva spp. dominated UC sites. This work shows that urbanization can have a
strong effect on the structure of rocky intertidal macroalgal assemblages and highlights some macroalgae species that can be used
as bioindicators for assessing the impact of urbanization on coastal shores.

Keywords Coast occupation - Bioindicators - Phytobenthos - Coastal reefs

Introduction

Nearly a quarter of the Brazilian population lives on the coastal
zone, being the Northeastern region one of the most densely
occupied. This region is rich in consolidated substrates
(Branner 1904; Laborel 1969; Dominguez et al. 1990; Castro
and Pires 2001), supporting a rich benthic biodiversity. The
reefs in urban areas are highly susceptible to anthropogenic
impacts such as elevated sedimentation rates and nutrient run-
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off that can modify the structure and diversity of these ecosys-
tems (Worm et al. 1999; Airoldi 2003; Connell et al. 2008;
Krause-Jensen et al. 2008; Goatley and Bellwood 2013).
These impacts generally lead to the establishment and domi-
nance of opportunistic species (Borowitzka 1972), which may
boost low levels of diversity.

Biodiversity of coastal ecosystems close to large urban cen-
ters is often affected by several anthropic pressures, like pollu-
tion (Johnston and Roberts 2009; Martins et al. 2012), overex-
ploitation, habitat destruction, and climate change (Scherner
et al. 2013) which, cumulatively, can lead to the degradation
of these productive ecosystems (Shanmugam et al. 2007,
Halpern et al. 2012; Turra et al. 2013). For instance, there is
great concern about the widespread loss of canopy-forming
algae from many rocky coastlines and how it may be related
to urbanization (Benedetti-Cecchi etal. 2001; Airoldi and Beck
2007; Connell et al. 2008).

Macroalgae play a fundamental ecological role as pri-
mary producers, by providing sheltering, nursery grounds,
and substrate for a diverse assemblage of species (Schiel
2006). Many algal species (i.e., canopy-forming algae) are
commonly recognized as key for ecosystem engineers as
they play an important structuring role in intertidal
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communities (Davison and Pearson 1996). Like many oth-
er organisms, however, macroalgae are exposed to several
disturbances of both natural and human origins. Intertidal
macroalgal assemblages generally respond rapidly to those
disturbances, as they are regularly exposed to potential
stressful conditions, such as nutrient limitation, tempera-
ture range, desiccation, osmotic pressure variations, and
anthropic contaminants (Areces 2001; Scherner et al.
2013).

The effects of anthropogenic disturbances on the
phycoflora can result in changes of dominance, specific com-
position of assemblages, and variations in the distribution pat-
terns. Some macroalgal groups are particularly susceptible to
anthropogenic disturbances. For instance, the canopy-forming
Cystoseira spp. has been shown to decline and replaced by
turf-forming species with increasing anthropogenic pressure
along the Mediterranean (i.e., Benedetti-Cecchi et al. 2001).
In tropical areas, canopies formed by macroalgae (Sargassum
spp.) are also important, and their loss has led to long-term
changes in structure and functioning of benthic communities,
with consequences reaching far up the food chain (Tait and

Schiel 2011). Thus, this study aimed to evaluate and compare
the structure of intertidal reef macroalgal assemblages affected
by different levels of coastal urbanization.

Material and methods
Study area

The Pernambuco coast comprises 187 km long (7°32'52" S
34°50"27" W and 8°54'57" S, 35°09'76" W), and it is located
in the Tropical Southwest Atlantic biogeographic province
and Brazil’s Northeastern ecoregion (Fig. 1) (Spalding et al.
2007). The local climate is classified as humid tropical (As')
(Koppen 1948), with average annual temperatures ranging
between 25 °C (minimum) and 30 °C (maximum) (CPRH
2003). The region has a semidiurnal tidal regime, with a pre-
dominant E-SE swell, and an average superficial sea temper-
ature between 27 and 29 °C (Manso et al. 2006). The
Pernambuco coastal area represents only 4% of the state ter-
ritory; however, it hosts 46% of the Pernambuco population,
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Fig. 1 Sampling sites along with metropolitan and south sectors of Pernambuco’s coast

@ Springer



J Appl Phycol (2019) 31:893-903

895

figuring the second most densely populated city of the
Brazilian coast (IBGE 2010). The Pernambuco coastal reefs
are basically rocky bodies composed mostly by quartz sand
grains, cemented by calcium carbonate. These reef formations
are abundant in the northeastern Brazilian coast (Branner
1904; Laborel 1969; Dominguez et al. 1990).

Sampling design

Non-destructive sampling was performed in 11 sampling
sites, all reefs located on the metropolitan and south sec-
tors of Pernambuco coast (8°5'18.14"S, 34°52'44.31" W
and 8°54'16.59"S, 35° 8'16.26"W) (ITEP 2012). The 11
reefs were classified according to the human occupation
levels and population density based on urbanization
criteria (Projeto Orla 2002). This classification was
achieved using a combination of field visits and consult-
ing demographic data (IBGE 2010), local technical re-
ports (SNIS 2011), and processing remote sensing images
(Google Earth 2013). Demographic surveys were made in
each sector until 1 km away of the sampling site in both
directions parallel to the shore, and locations were accord-
ingly classified into three levels of urbanization: non ur-
banized coast (NU), coast in urbanization process (UP),
and consolidated urbanization coast (UC).

The “Line Point Transect” method (Ambrose 2002) was
used to quantify the relative abundance of species in the
macroalgae community. In this non-destructive method, the
observer records in situ the species present in previously de-
fined points at the lowest level (naked eye). Macroalgae were
later assigned to a morpho-functional group (MFG) (adapted

from Steneck and Dethier 1994; Benedetti-Cecchi2001; Balata
etal.2011),to each sessile invertebrate a feeding guild (FG) was
assigned (Paine 1980). A total of seven transects of 10 m each,
perpendicular to the coastline, were done in each reef, starting at
the lowest shore levels of the intertidal region. In each transect,
we recorded the benthic sessile organism present every 10 cm.

To assess temporal generality of the results, each reef was
sampled twice (November 2013 until February 2014 and be-
tween May 2014 and August 2014), to avoid pseudoreplication
analyses of seasonal changes that were not the target of the
present study.

Data analysis

Priorto analyses, data were transformed into relative abundance
Ray=N/Ta, where Ray, is the taxa frequency, Ny is the num-
ber of times the taxa showed up on the sample, and 7a is the
amount of points occupied by macroalgae on the transect. The
tested hypothesis was: macroalgae dominance patterns differ
and vary according to the level of urbanization.

For species taxonomic variables, a two-way permutational
multivariate analysis of variance (PERMANOVA) with the fac-
tors: “Urbanization” (fixed, 3 levels) and “Time” (random, 2
levels) was performed with 9999 and Monte Carlo permutation.
The morpho-functional group/feeding guild (MFG/FG) was
compared using ANOVA one-way with the factor urbanization
(3 levels). Analyses for species taxonomic variables were per-
formed on fourth-root transformed data by using the Bray-
Curtis similarity coefficient. The permutational analysis of mul-
tivariate dispersions (PERMADISP) was used to test the homo-
geneity of urbanization and time factors. The similarity

Table1  Types of urbanization degree according to proxy variables and variables used to classify the locations near the reefs into non urbanized (NU),
urbanization process (UP), and consolidated urbanization (UC) in Brazilian Northeastern reef environments

Location Urbanization Demographic Population (inhab.)* Occupied Sewage Coordinates

degree density (inhab km 2) residences collected ®

Pina ucC > 500 29,176 86.4% 35.5% (8.08804 S, 34.87887 W)
Boa Viagem ucC > 500 122,922 86% 35.5% (8.12451 S, 34.89583 W)
Piedade ucC > 500 64,503 89.4% 6.9% (8.17715 S, 34.91479 W)
Paiva NU 10.1to 15 421 22.1% 8.8% (8.27993 S, 34.94484 W)
Enseada dos Corais UP 250.1 to 500 3700 29.1% 8.8% (8.31891 S, 34.94822 W)
Suape UP 100.1 to 250 1631 54.9% 8.8% (8.37005 S, 34.94938 W)
Serrambi® UpP 20.1 to 50 80,637 76.8% - (8.56313 S, 35.00510 W)
Toquinho! NU 100.1 to 250 80,637 76.8% - (8.56885 S, 35.03069 W)
Tamandaré (Campas)® ¢ UP 100.1 to 250 20,715 47.4% 3.9% (8.74357 S, 35.07965 W)
Tamandaré (Mamucabas)© ¢ NU 51t0 10 20,715 47.4% 3.9% (8.78626 S, 35.09741 W)
S3o José da Coroa Grande™ ¢ UP 250.1 to 500 18,712 60.8% - (8.90432 S, 35.13771 W)

*Source: Atlas from 2010 Demographic Census (IBGE 2010)

® Source: 2011 Water and Sewage Services Diagnosis (SNIS 2011)
¢ Environmental Protection Areas

9 Demographic data from all city sectors IBGE 2010)
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Table 2 Macroalgae and their respective morpho-functional group
(MFG) and sessile animal feeding guild (FG) identified recorded at each
reef urbanization category: non urbanized (NU), urbanization process

(UP), and consolidated urbanization (UC). The symbols (¢) and (—) de-
note presence and absence

Macroalgae Morpho-functional MFG/  Non Urbanization Consolidated
group FG urbanized process urbanization
Chlorophyta  Anadyomene J.V.Lamouroux Foliose FO * -
Bryopsis sp. J.V.Lamouroux Siphonous SI * *
Caulerpa racemosa (Forsskal) J.Agardh Siphonous SI - * *
Caulerpa cupressoides (Vahl) C.Agardh Siphonous SI - *
Chaetomorpha antennina (Bory de Saint-Vincent) Kiitzing  Filamentous FI * -
Cladophora Kiitzing Filamentous FI - * -
Dictyosphaeria Decaisne Corticated CcO * -
Halimeda J.V.Lamouroux Articulated AC * -
Calcareous
Rhizoclonium Kiitzing Filamentous FI - . -
Ulva lactuca Linnaeus Foliose FO ¢+ ¢ *
Ulva lingulata A.P. de Candolle Filamentous FI - * -
Ochrophyta ~ Chnoospora J.Agardh Canopy CA - * -
Dictyopteris delicatula J.V.Lamouroux Corticated Foliose CF - * *
Dictyota J.V.Lamouroux Corticated Foliose CF - ¢ *
Ectocarpales C.E.Bessey Filamentous FI - * -
Padina Adanson Corticated Foliose ~CF . * -
Sargassum C.Agardh Canopy CA . ¢ *
Rhodophyta  Acanthophora spicifera (M.Vahl) Bergesen Corticated CcoO . * *
Amansia J.V.Lamouroux Corticated (0(0] . * *
Bryothamnion seaforthii (Turner) Kiitzing Corticated (0(0] . * *
Bryothamnion triquetrum (S.G.Gmelin) M.A.Howe Corticated CcO . * -
Corallinaceae J.V.Lamouroux Articulated AC - * *
Calcareous
Centroceras clavulatum (C.Agardh) Montagne Filamentous FI * L ¢
Ceramiaceae Dumortier Filamentous FI - * *
Chondracanthus acicularis (Roth) Fredericq. Corticated CcO ¢ ¢
Corallina Linnaeus Articulated AC - ¢
Calcareous
Cryptonemia seminervis (C.Agardh) J.Agardh Corticated CO - . *
Digenea simplex (Wulfen) C.Agardh Corticated CO - ¢ -
Gelidiella acerosa (Forsskal) Feldmann & G.Hamel Corticated CO * ¢ ¢
Gelidiopsis F.Schmitz Corticated CcoO . - *
Gelidium J.V.Lamouroux Corticated CO . . .
Gracilaria Greville Corticated CO . * *
Hypnea musciformis (Wulfen) J.V.Lamouroux Corticated (0(0] . ¢ *
Jania J.V.Lamouroux Articulated AC . * -
Calcareous
Laurencia dendroidea J.Agardh Corticated CcO ¢ * *
Laurencia translucida M.T.Fujii & Cordeiro-Marino Corticated (0(0] - ¢ -
Palisada flagellifera (J.Agardh) K.W.Nam Corticated CcO ¢ - -
Palisada furcata (Cordeiro-Marino & M.T.Fujii) Cassano & Corticated CcO - * *
M.T.Fujii
Palisada perforata (Bory de Saint-Vincent) K.W.Nam Corticated CcO ¢ * *
Polysiphonia Greville Filamentous FI - * -
Wrangelia C.Agardh Filamentous FI - * -
“Turf” Filamentous FI * ¢ -
Sessile Brachidontes Swainson Filter FL - - *

Animals
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Table 2 (continued)

Macroalgae Morpho-functional MFG/  Non Urbanization Consolidated
group FG urbanized process urbanization
Zoanthus Cuvier Coral CR ¢ - -
Cirripedia (infra-Class) Filter FL ¢ ¢ ¢
Porifera (Phylum) Filter FL - - ¢
Echinometra lucunter Linneaus Herbivores HE * ¢ *
Palythoa Lamoroux Coral CN . * *
Petaloconchus Lea Filter FL . - -
Polychaeta (Class) Filter FL . - -
Protopalythoa Verril Coral CR . - *
a b
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percentage analysis (SIMPER) was used to highlight the con-
tribution of each MFG/FG for differences within levels ofurban
factor (Clarke and Gorley 2006). An unconstrained ordination
(principal coordinates, PCO) was used to graphically represent
the results of multivariate data. All analyses were performed
using the software PRIMER-E v6 (Clarke and Warwick 2005)
PERMANOVA+ (Anderson et al. 2008).

Results

The variables used to classify the scale of environmental stress
in the sampling sites are in according to the urbanization de-
grees and they are listed on Table 1. The beaches Pina, Boa
Viagem, and Piedade were classified as UC urbanization de-
gree, due to its high demographic density, with over than 500

Table 3 Summary of ANOVA results and Tukey post hoc test of morpho-functional group and feeding guilds that show significant differences in

abundance by urbanization degree levels

Corticated df SS MS
Urbanization 2 0.005 0.003
Error 97 0.888 0.009
Total 99 0.893

Foliose
Urbanization 2 8.353 4.176
Error 97 10.346 0.107
Total 99 18.699

Filter
Urbanization 2 0.341 0.171
Error 97 9.719 0.100
Total 99 10.060
Siphonous
Urbanization 2 1.744 0.872
Error 97 14.104 0.145
Total 99 15.848

Filamentous
Urbanization 2 0.332 0.166
Error 97 18.978 0.196
Total 99 19.310

Canopy
Urbanization 2 3.936 1.968
Error 97 15.738 0.162
Total 99 19.673

Articulated
Urbanization degree 2 0.390 0.195
Error 97 17.266 0.178
Total 99 17.656

Corticated foliose
Urbanization 2 0.995 0.497
Error 97 17.514 0.181
Total 99 18.509

Herbivorous
Urbanization 2 0.241 0.121
Error 97 5.542 0.057
Total 99 5.784

Chnidaria
Urbanization 2 1.279 0.639
Error 97 14.655 0.151
Total 99 15.934

F p Tukey post hoc test
0.284 0.75
NU UP ucC
39.157 0.00 NU
UP 0.170
ucC 0.000 0.000
1.702 0.19
NU UP ucC
5.997 0.00 NU
UP 0.273
ucC 0.002 0.117
0.849 0.43
NU UP ucC
12.128 0.00 NU
UP 0.483
ucC 0.002 0.000
1.096 0.34
2.755 0.07
2.111 0.13
NU UP ucC
4232 0.02 NU
UpP 0.021
ucC 0.065 0.935
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Fig. 4 Principal coordinates

(PCO) plot. (circle) Consolidated 60—
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inhabitants km™ 2, over 85% of occupied residences, and in
Piedade, only 6.9% of the sewage are collected. Enseada dos
Corais, Suape, Serrambi, Tamandaré (Campas), and Sao José
da Coroa Grande beaches were classified as UP for its urban-
ization degree. Those beaches had demographic densities
varying about 20 to 500 inhabitants km > and with 29.1 to
76.8% of occupied residences. Finally, the beaches classified
as NU urbanization degree were Paiva, Toquinho, and
Tamandaré (Mamucabas), with the lowest demographic den-
sities, varying from 5 to 250 inhabitants km 2 (Table 1).

A total of 100 transects were obtained across the 11 sam-
pled reefs, where 51 taxa were identified including 24
Rhodophyta, 11 Chlorophyta, and 6 Ochrophyta, and sessile
animals as Porifera, Annelida, Mollusca (2), Cnidaria (3),
Echinodermata, and Arthropoda. The macroalgae and their
respective MFG/FG identified according to the degree of ur-
banization are shown in Table 2.

Regarding the urbanization degree, identified macroalgae
are distributed in the three phyla in this way: 19 Rhodophyta,

—_— uc
- ~ 1
s
N\ up
J° N\ NU
o QT | Time
o Solid Symbol: Time |

Urbanization Degree

Blank Symbol: Time Il

Chon,U‘/v Fo ‘

\ “

|

CR— ~ - Sar |
C. rac CA/

-20 0 20 40 60
PCO1 (33.5% of total variation)

7 Chlorophyta, and 3 Ochrophyta at the NU environment; 22
Rhodophyta, 10 Chlorophyta, and 6 Ochrophyta at the UP
environment; and 16 Rhodophyta, 4 Chlorophyta, and 3
Ochrophyta at the UC environment (Table 2). Their relative
frequencies were: 63% Rhodophyta, 21% Chlorophyta, and
16% Ochrophyta at NU environment; 62% Rhodophyta, 22%
Chlorophyta, and 16% Ochrophyta at UP environment; and
64% Rhodophyta, 32% Chlorophyta, and 4% Ochrophyta at
UC environment (Fig. 2).

The red macroalgae Palisada perforata and Gelidiella
acerosa were abundant at all studied sites, but mostly in UP
and UC sites, they decreased in abundance with increasing of
urbanization levels whereas other macroalgae, such as green
Ulva spp., Bryopsis sp., and the red Chondracanthus
acicularis became the dominant taxa with increasing of urban-
ization levels (UC sites). Concerning the MFG, the Foliose,
Siphonous, Canopy, and Cnidaria groups presented responses
in abundance when compared at different levels of urbaniza-
tion (Fig. 3, Table 3). The Foliose and Siphonous groups were

Table 4 Results from the

permutational multivariate PERMANOVA table of results

analysis of variance Factors df SS
(PERMANQVA) between factors Time 1 3316.5
time, urbanization degree (NU =
non urbanized, UP = urbanization Ur 2 36,510
process, and UC = consolidated TixUr 2 2831.5
urbanization), which affect the Res 94 122,850
macrpglgae community on the Total 99 167.120
Brazilian Northeastern reefs o
Pairwise
Groups t P(MC)
NU, UC 4.49 0.004
UP, UC 3.52 0.014
NU, UP 1.783 0.125

MS Pseudo-F P(perm) Unique perms P(MC)
3316,5 2.538 0.042 9954 0.054
18,255 12.89 0.016 360 0.003
1415.7 1.08 0.352 9934 0.341
1306.9

Unique perms
6
6
6
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Table 5 Results from the

permutational analysis of PERMADISP table of results

multivariate dispersions Factors df
(PERMADISP) between factors Time 1
time, urbanization degree (NU =
non urbanized, UP = urbanization
process, and UC = consolidated Urbanization 2
urbanization), which affect the
macroalgae community on the
Brazilian Northeastern reefs L
Pairwise
Groups T
UC, NU 7.12
ucC, up 8.05
NU, UP 0.83

F Pperm) Group Avarage SE

10.452 0.003 1 36.593 1.22
1 41.95 1.13

33.366 0.001 ucC 25.04 1.05
NU 39.65 1.72
UP 37.94 1.18

P(perm)

0.001

0.001

0.446

more abundant at UC sites, gradually decreasing with the en-
vironment quality. Canopy and Cnidaria groups had higher
abundance at sites with lower urbanization degree.

Macroalgae community structure significantly varied
among levels of urbanization (F=12.89; p=0.003), which
were consistent in time (time x urbanization F'=1.08; p =
0.37). There were significant differences in the structure of
macroalgal assemblages between UP and UC (¢=3.52 and
p=0.014) and between NU and UC (=4.49 and p =0.004),
but not between NU and UP (¢=1.78 and p=0.12) (Fig. 4,
Table 4). The dispersion of urbanization levels was different
(F=33.366; p=0.001). UC level was different than UP (¢=
8.05; Pperm=0.001) and NU (¢=7.12; pperm = 0.001), while
NU and UP levels did not differ, and UC level had the lowest
dispersion between the urbanization levels (Table 5).

The PCO and SIMPER analyses (Table 6) revealed that in
UC, there was generally a greater dominance of filamentous
(i.e., Bryopsis sp.), turf-forming (i.e., Chondracanthus sp.),
and foliose (i.e. Ulva spp.) algae. In contrast, the canopy alga

Sargassum sp. was completely absent from UC, but dominat-
ed assemblages in UP and NU situations.

In the PCO plot is possible to identify two groups. Group 1
is formed by all samples from UC sites, and group 2 is com-
posed of samples from NU and UP sites (Fig. 4).

Discussion

Reefs classified as UC were located among one of the largest
metropolitan regions of Brazil (Recife’s Metropolitan
Region). Despite sewage treatments, only 36% ofthe sewage
is currently collected (SNIS 2011) leaving a substantial pro-
portion of sewage still running free into the coastal region.
UP reefs receive seasonal population booms (activity during
summer), and due to their greater distance to larger urban
centers, the sewage collecting system is poor. The few places
classified as NU were essentially remote locations with little
levels of visitation, even during summer.

Table 6 Differences in

abundance of major macroalgal Urbanization degree

species based on SIMPER
analysis. The similarity among

Average abundance (%)

Contribution dissimilarity (%)

and dissimilarity among the

analyzed factors (NU =non NU up uc NU = UP UPxUC NUxUC

urbanized, UP = urbanization

process, and UC = consolidated Bryopsis sp. 37 43 84 42 4 4.7

urbanization) Caulerpa spp. 54 59 - 42 53 4.8
Chondracanthus sp. - - 88 1.5 7.6 7
Dictyosphaeria sp. 45 45 - 4.1 4 42
Gelidiella acerosa 75 68 64 33 32 3
Gelidium sp. 47 41 64 42 38 3.8
Gracilaria sp. 56 50 81 3.8 33 33
Hypnea musciformis 48 54 55 42 35 3.8
Palisada perforata 83 88 74 14 1.8 1.92
Sargassum sp. 41 50 - 4.6 43 3.7
Ulva spp. - - 88 2.8 6.1 7.1
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Morpho-functional groups of phytobenthos and feeding
guilds of zoobenthos responded, in parts, to the cover vari-
ation of the substrate according to the urbanization degree.
The Cnidaria group, composed by Zoanthus, Palythoa, and
Protopalythoa, were more frequent at places of low urban-
ization degree, even though they were still present, at lower
frequency, at urbanized places (Portugal et al. 2016). When
found in places with low impact, Zoanthus spp. directly
compete with macroalgae such as Canopy (Sargassum, in
tropical environments), at lower regions of the intertidal
zone (Santos et al. 2015).

The studied places supported macroalgal assemblages typ-
ical from the tropical phycogeographic region (Horta et al.
2001), although there were variations on the phyla proportions
when places were analyzed for their urbanization degree.

The studied reef formation presented high abundance
values of macroalgae such as Palisada perforata, Gelidiella
acerosa, Gracilaria sp., and Caulerpa racemosa, which are
dominant algae of the reef plateau from tropical regions
(Pereira et al. 2002, 2008; Villaga et al. 2010; Fonseca et al.
2012).

On the low mesolitoral region reefs, we found species
(Sargassum sp., Padina sp., and Hypnea musciformis) that
dominate places with great influence from littoral, in other
words, places on the reef that are constantly washed by waves,
allowing organisms to be wet (Vasconcelos et al. 2013). At the
same way as the Fucales, Cystoseira are key species at temper-
ate and subtropical places, responding differently to the envi-
ronment impacts (Mangialajo et al. 2008), Sargassum species
perform this same structuring role at shallow infralittoral envi-
ronments from tropical places. They are resilient to a series of
natural impacts (Lofflerand Hoey 2018), but anthropic pressure
could decrease their population (Coelho et al. 2000).

We also identified another group of macroalgae composed
by Ceramiaceae species, Ulva spp. and Gelidium sp., which
cannot stand great hydrodynamics, or cannot compete to col-
onize the reef edge surroundings, often placing themselves
next to plateau and top of the reef, tolerating the desiccation
stress.

The abundance of P. perforata on reef formations is directly
connected to high-temperature environments (above 28 °C) and
air exposure (Tsai etal. 2005), typical of a mesolittoral environ-
ment. However, this macroalgae relative abundance responded
negatively to the UC urbanization level on the sampled loca-
tions. In a reef environment dominated by Gracilaria
coronopifolia J. Agardh and P. perforata (previously reported
as Laurencia papillosa) (Tsai et al. 2005), the first one takes
advantage when there is a eutrophication process in the area,
leading to diminish the occurrence of P. perforata, showing that
this alga decreases its dominance on impacted environments,
based on diverse descriptors (Cabrera et al. 2005).

The dominant taxa P. perforata, Sargassum sp., and
Amansia sp. on the beaches with NU and UP urbanization

degrees were replaced by Ulva spp., Bryopsis spp., and
C. acicularis on the UC beaches. Macroalgae from Ulva and
Bryopsis genus have been well documented and classified as
opportunistic algae that take advantage in eutrophicated envi-
ronments (Ortega 2000; Areces 2001; Juanes et al. 2008) and
that are greatly related to urbanized environments (Martins
et al. 2012; Scherner et al. 2013; Orlandi et al. 2014).
Chondracanthus acicularis was classified as opportunistic al-
gae (Orfanidis et al. 2003), with fast growth rate and short life
cycles, present in areas with organic contamination, indicating
environmental impact (Portugal et al. 2016). Gracilaria sp.
was also present in high urbanization degree environments.
Those macroalgae genera are capable to resist changes in sa-
linity, temperature oscillations, high nutrient concentration,
and even landfilling by suspension particles (Lapointe 1989;
Santelices and Doty 1989; Peckol and Rivers 1996; Moreira
et al. 20006).

Impacts associated to UC sites lead to the domination of
opportunistic species, which causes huge ecological con-
sequences, since the disappearance of these structural and
engineering species involves the loss of entire communi-
ties, the regression of other species, and the homogeniza-
tion of the underwater landscape (Thibaut et al. 2005).

Using a fast and easy data achievement method (Line
Point Transect) and a relative abundance descriptor, it was
possible to verify changes on macroalgae dominance in the
coastal reef environments classified into different urbani-
zation degrees. The present study results also appoint to
importance not only of the taxa occurrence, but mostly of
the indicator dominant taxa relative abundance. The reef
formation leads the community to a natural heterogeneity,
but in the presence of an urbanization gradient, it tends to
shift and simplify the community in the reefs observed.

Associated to our findings, future monitoring studies
that consider temporal/seasonal scales could elucidate
the community dynamics against urbanization impacts,
and hence take measures to preserve tropical coastal en-
vironments. Also, it becomes necessary to find a way to
quali-quantitatively evaluate the evolution of those envi-
ronments due to increasing coast area urbanization,
through environmental quality indexes using key elements
from ecosystems.
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