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Unveiling the unknown diversity of planktonic
green algae (Chlorophyta) in urban ponds in
the semiarid region of Northeastern Brazil
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Abstract: This study examined the taxonomic composition and ecological aspects of
planktonic green algae (Chlorophyta) in four urban ponds (Parque da Lagoa, Lagoa
Grande, Laguneville, and Pindoba) in Feira de Santana, Bahia State, Brazil. We analyzed
96 samples collected bimonthly in 2022 and identified 54 taxa, with the majority (42)
classified as uncommon or sporadic. The most common species were Monoraphidium
circinale and Lemmermannia komarekii, found in 100% and 95.8% of samples,
respectively. Parque da Lagoa had the highest number of taxa (43), followed by Lagoa
Grande (40), Laguneville (31), and Pindoba (30). Most taxa were found in water with
high levels of oxygenation (5.8-12.3 mg L") and conductivity (400-1000 uS cm™), neutral
to slightly alkaline conditions (pH 7-8), and moderate water temperature (26-27 °C).
Significant differences in the composition of planktonic green algae and limnological
variables were observed among ponds. These studies underscore the importance of
implementing actions aimed at the restoration and conservation of urban ponds in Feira
de Santana to avoid biodiversity loss and eutrophication while ensuring the provision of
critical ecosystem services, such as local climate regulation.

Key words: Chlorophyceae, freshwater algae, eutrophication, phytoplankton,
Trebouxiophyceae.

Sigee 2010, Alencar et al. 2019). It is abundant
in Brazilian continental waters, particularly

Green algae (Chlorophyta) are notable for their
phylogenetic diversity and morphological,
physiological, and ecological variability and can
be found in a wide range of habitats, including
marine, freshwater, and terrestrial environments
(Komarek & Fott 1983, Coesel & Krienitz 2008,
Fang et al. 2017, Leliaert 2019, Fucikova et al.
2019). These algae, specifically planktonic algae,
respondtoenvironmentalfactorssuchasnutrient
concentrations, light intensity, and temperature
variations, which influence their occurrence,
distribution, and abundance, rendering them
useful environmental bioindicators (Bellinger &

in tropical, shallow, and eutrophic systems
(Rodrigues et al. 2010, Domingues & Torgan 2012,
Nogueira et al. 2008).

Eutrophication is characterized by high
primary productivity due to excessive nutrient
accumulation, particularly phosphorus and
nitrogen, in aquatic environments, resulting
in the uncontrolled growth of macrophytes,
microalgae, and cyanobacteria (Wang & Wang
2009, Huszar et al. 2000, Borduqui & Ferragut
2012, Adam et al. 2017).

This process triggers responses that
compromise the water quality and aquatic biota.
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The loss of biodiversity is the most significant,
as it represents the loss of submerged plants,
replacement of algal species, the occurrence of
toxic cyanobacterial blooms, and increases in
biomass and microbial productivity (Qin et al.
2013, Santana et al. 2017). This issue has gained
global attention, particularly in urban lakes,
which are important areas of recreation and
local climate regulation (Mao et al. 2019) but
are undergoing biodiversity loss and reduced
resilience due to environmental degradation
(Dunalska et al. 2015, Roy & Pal 2015).

At the end of the 20th century, studies of
phytoplanktoninurban lakes gained prominence
in Brazil, with particular emphasis on the works
of Giani & Pinto-Coelho (1986), Chamixaes (1990),
Eterovick & Giani (1997), Menezes (1999), Nogueira
& Leandro-Rodrigues (1999), Silva (1999), Ferreira
& Menezes (2000), Tucci et al. (2006), Nogueira
et al. (2008), Gentil et al. (2008), Domingues &
Torgan (2012), Riediger et al. (2014), Goes et al.
(2016), D'Alessandro & Nogueira (2017), Alencar
et al. (2019), Werner et al. (2020) and Vieira et al.
(2021), which include several representatives of
phytoplankton, especially green algae.

In the state of Bahia, the majority of
phytoplankton studies that report the presence
of planktonic chlorophytes originate from
preserved areas such as rivers (Fuentes et al.
2010, Ramos et al. 2021, Aboim 2018), floodplains
(Ramos et al. 2012, 2014, 20154, b, ¢, d, 2016),
and reservoirs (Carraro 2009, Cordeiro-Araljo
et al. 2010, Ramos et al. 2018). To date, studies
on ponds in urban areas are limited, focusing
on the work of Martins et al. (1991) in Salvador,
where 44 taxa (28 Chlorophyceae) were recorded
for the Dique do Tororo.

The present study investigated the species
composition and environmental conditions in
four shallow ponds located in the urban area of
the municipality of Feira de Santana, Bahia, Brazil,
considering the standing of planktonic green
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algae (Chlorophyceae and Trebouxiophyceae)
as important components of aquatic ecosystem
biodiversity.

MATERIALS AND METHODS

We conducted the study in the municipality
of Feira de Santana, Bahia, Brazil (12°16'S,
38°57'W), the headquarters of the Metropolitan
Region, which now includes six municipalities
with a population of over 600.000 (IBGE 2022).
It is located in the transition between the
Atlantic Forest and Caatinga biomes (Fig. 1),
has a tropical climate (AW), and has an average
annual temperature and rainfall of 24 °C and
800 mm, respectively (Brandao et al. 2009).

Six collections were conducted (April, May,
June, September, October, and November/2022)
in four ponds, belonging to two hydrographic
basins: three of these are located in the
Pojuca River basin: José da Costa Falcao Park
(Lagoa Grande, 12°14'59"S, 38°56'17"W), Lagoa
da Pindoba (12°11'29"S, 38°58'12"W), and
Laguneville (12°12'11"S, 38°56'26"'W), while one,
Parque da Lagoa (Erivaldo Cerqueira Municipal
Park, 12°14'12"S, 38°57'50"W) is situated in the
Jacuipe River basin. (Fig. 2). We used the Hanna
portable probe (model HI98130) to measure
temperature (°C), pH, conductivity (EC) (uS cm™)
and total dissolved solids (TDS) (ppt), while the
Instrutherm portable probe (model M0-910)
was used to measure dissolved oxygen (DO) (mg
L"). A Secchi disk was used to measure water
transparency (TRANSP) (m).

A light microscope (LEICA DM-2500)
equipped with an attached digital camera
(LEICA MC170 HD) was used to examine the live
or fixed samples in Transeau’s solution (Bicudo
& Menezes 2017). Taxonomic identification was
based on morphological characteristics from
the specialized literature (Komarek & Fott 1983,
Comas 1996, Ramos et al. 2012, 2015a, d, 2016,
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Figure 1. a) Metropolitan Region of Feira de Santana (RMFS) in the state of Bahia, with the transition between the

Caatinga biome and Atlantic Forest highlighted. b) Feira de Santana Municipality in the RMFS. c) The location of the
investigated ponds in the urban area.

Riediger et al. 2014, Rosini & Tucci 2020). The the four ponds using software available on
classification system proposed by Krienitz & the Bioinformatics and Evolutionary Genomics
Bock (2012) was used. The scanning electron  website (https://bioinformatics.psb.ugent.be/
microscopy analysis was conducted using the webtools/Venn/).
JEOL-6390 LV microscope, following the protocols We calculated the frequency of occurrence
described by Moura et al. (2021). for each taxon using the formula: F= n-100/N,
A Venn diagram was generated to where “n” is the number of samples in which a
demonstrate the diversity of taxa present in taxon was recorded and “N" is the total number
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Figure 2. a. Pojuca, Subaé and Jacuipe River Basins in the Municipality of Feira de Santana (adapted from Santo
2012), and an aerial view and detail of the water slide, respectively, of Parque da Lagoa (b-c), Lagoa Grande (d-e),
Laguneville (f-g), and Pindoba (h-i); the collection points are highlighted in white circles.

of samples analyzed, being classified as follows
by Matteucci & Colma (1982): > 70% - Very
frequent (VF); 70% and > 40% - Frequent (F); 40%
and > 10% - Uncommon (U); 10% - Sporadic or
Rare (S).

Non-metric Multidimensional Scaling
Analysis (NMDS) is useful for visualizing the
differences in community composition among
sampling sites (Clarke 1993). To investigate
the differences in species composition among
the four ponds, we used an NMDS based on
the Jaccard distance, which considers the
presence and absence of species. Multivariate
Permutational Analysis of Variance (PERMANOVA)
with 999 permutations was used to determine
the statistical significance of the NMDS results.

After verifying the data normality
assumptions, we used the Kruskal-Wallis test to
detect significant differences (a = 0.05) in the
abiotic variables between the studied ponds
(Shapiro-Wilk test).

A Principal Component Analysis (PCA) was
used to simplify and reduce the dimensionality
of the measured abiotic data. Except for the
pH, the abiotic data matrix was logarithmically
transformed ([log10(x + 1)]). We excluded
variables with a Variance Inflation Factor (VIF)
exceeding 10, selected those with the highest
correlation with the axes, and best characterized
the environmental gradient between ponds. The
resulting predictor matrix included TDS, pH, and
TRANSP. All statistical analyses were performed
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using R software (R Development Core Team
2023).

RESULTS
Taxonomic composition

The taxonomic diversity in the four ponds
studied was represented by 54 taxa classified into
two classes: Trebouxiophyceae (nine taxa) and
Chlorophyceae (45) (Table I). Scenedesmaceae
was the most abundant of the seven families
studied, accounting for 45% of the total richness
(24 taxa), followed by Selenastraceae at 23% (12
taxa). In contrast, the lowest richness was found in
Schroederiaceae (two taxa) and Neochloridaceae
(one taxon) (Table I, Fig. 3). Desmodesmus and
Monoraphidium were the most represented
genera, each comprising ten taxa, followed by
Scenedesmus (four), Tetradesmus and Tetradron
(three each) (Table I).

Parque da Lagoa had the highest richness
(43 taxa) and the most exclusive taxa (four),
followed by Lagoa Grande (40 taxa, two
exclusive), Laguneville (31 taxa, three exclusive),
and Pindoba (30 taxa, two exclusive). Fifteen taxa
were shared between the four ponds (Fig. 4).

The most frequent taxa were found in
Parque da Lagoa, followed by the Lagoa Grande,
Pindoba, and Laguneville ponds. The latter
contained the most sporadic and unusual taxa
(Table I).

Some taxa stood out for their high
frequency, such as Monoraphidium circinale,
which was found in 100% of the samples from
Parque da Lagoa, Lagoa Grande, and Pindoba.
Lemmermannia komareRii was also classified
as very frequent in the same ponds, exhibiting a
100% frequency of occurrence, except for Parque
da Lagoa, where it was found in 95.8% of the
samples (Table I1).

Six taxa with a high global occurrence
frequency (Desmodesmus communis,
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Lemmermannia komarekii, Monoraphydium
circinale, Tetradesmus lagerheimii, Tetraedron
minimum and Chlorella sp.) were classified as
very common, having been found in all four
ponds studied. While Desmodesmus armatus
var. bicaudatus, Lemmermannia tetrapedia,
Monoraphidium contortum, M. nanum,
Scenedesmus ecornis and Willea crucifera were
classified as frequent. Most of the taxa studied
belonged to the unusual, sporadic, or rare
categories, with 21 taxa in each.

Non-metric Multidimensional Scaling
(NMDS) analysis revealed significant differences
(PERMANOVA, F = 18.553, p < 0.001), with greater
variability in the samples from Laguneville pond
compared to the others, which had a more
aggregated distribution (Fig. 5).

Quality-dependent habitat conditions

Except for water temperature (p = 0.797), all
abiotic variables analyzed differed significantly
between ponds (p < 0.005) (Table I11). Laguneville
had the highest mean pH and DO, 8.93 and 9.05
(mg L"), respectively. On the other hand, Pindoba
had the highest mean values of TDS and EC,
with 1.51 (ppt) and 3000 (uS cm™), respectively.
Regarding TRANSP, Parque da Lagoa and Pindoba
had the highest averages at 0.4 m.

The PCA analysis of the physicochemical
variables among the ponds (Table Il1) revealed
that they had distinct environmental gradients,
with the first two axes explaining 88.6% of the
data variability (Fig. 6). On the positive side
of axis 1, Pindoba and Parque da Lagoa were
related to high TDS and TRANSP, respectively,
whereas Lagoa Grande and Laguneville were
associated with high pH. TRANSP (R=0.88, p<0.05)
and TDS (R=0.75, p<0.05) had the highest positive
correlation with axis 1, whereas pH had the
highest negative correlation (R=-0.84, p<0.05).
No variables showed a significant correlation
with axis 2.
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Number of taxa

GREEN ALGAE IN URBAN PONDS IN THE SEMIARID REGION

[7] SCENEDESMACEAE
[ SELENASTRACEAE
[l HYDRODICTYACEAE
[ SCHROEDERIACEAE
[ 1NEOCHLORIDACEAE
[J] OOCYSTACEAE

[ CHLORELLACEAE

M Incertae cedis

L om

CHLOROPHYCEAE
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Figure 3. Number of Chlorophyta taxa inventoried by class/family in urban ponds of Feira de Santana, Bahia State,

Brazil.

Lagoa Grande

Desmodesmus lunatus,

Desmodesmus spin

Parque da Lago

Hariotina reticulata
Nephrochlamys allanthoid
Schroederia spiralis

Scenedesmus indicus

Pindoba

etrastrum heteracanthum
hneriella dianae

Laguneville
Pediastrum angulosum
Ankistrodesmus arcuatus
Coelastrum sphaericum

Chlorella sp. )
Desmodesmus armatus var. bicaudatus
Desmodesmus communis
Dictyosphaerium ehrenbergianum
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J

Figure 4. Venn diagram of the unique and shared Chlorophyta taxa in the ponds of Feira de Santana, Bahia, Brazil's
Parque da Lagoa, Lagoa Grande, Pindoba, and Laguneville.
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GREEN ALGAE IN URBAN PONDS IN THE SEMIARID REGION

Table lIl. Mean values, standard deviation, and Kruskal-Wallis test of abiotic variables measured in the ponds of
the Parque da Lagoa (PL), Lagoa Grande (LG), Laguneville (LV), and Pindoba (LP) in Feira de Santana, Bahia.

X Ponds Kruskal-wallis test
Variables
PL LG Lv LP X2 df p
pH 76 +0.6 82+0.7 89+0.3 75+03 54.89 3 < 0.001
Dissolved oxygen (mg L") 6.4 +22 59 +2 91+21 3.6 +11 50.86 3 < 0.001
Electrical conductivity (uScm™) | 800 +200 | 800 100 | 500 + 100 | 3000 + 500 74.38 3 < 0.001
Total dissolved solids (ppt) 04 + 01 04 + 01 0.2 15+02 72.95 3 < 0.001
Water temperature (°C) 265+16 | 265+24 269 +12 264+ 1.6 1.02 3 0.797
Water transparency (m) 0.4 0.2 0.2 04 + 01 70.92 3 < 0.001

stress = 0,18

1.04

0.5 '

NMDS2

-0.5+

Urban Ponds
Parque da Lagoa Laguneville
Pindoba

-1.04

Lagoa Grande

-1 0 1
NMDS1

Figure 5. Non-metric Multidimensional Scaling Analysis
(NMDS) based on the presence/absence matrix of taxa
inventoried in the ponds of Feira de Santana, Bahia,
Brazil's Parque da Lagoa, Lagoa Grande, Laguneville,
and Pindoba.

DISCUSSION

We found significant diversity in planktonic
green algae (54 taxa), with a focus on the
class Chlorophyceae (45 taxa), which supports
previous research that found this to be one of
the dominant classes in freshwater ecosystems

(Dunck et al. 2018, Rosini & Tucci 2020, Fernandes
et al. 2022). This dominance can be attributed to
its global distribution, which includes diverse
aquatic habitats ranging from tropical to Arctic
regions (Leliaert 2019).

In the present study, the geographical
distribution of the nine taxa extends to the
northeastern region of Brazil: Desmodesmus
lunatus, Scenedesmus baculiformis, S. indicus,
Tetrastrum heteracanthum, T. staurogeniiforme,
Monactinus simplexvar. echinulatum, Tetraédron
tumidulum, Nephrochlamys allanthoidea, and
Schroederia spiralis. In addition, the following
taxa were newly recorded from the state of
Bahia Coelastrum sphaericum, Desmodesmus
spinosus, Lemmermannia tetrapedia and Willea
apiculata. Thus, our knowledge of the diversity
and distribution of phytoplankton green algae in
the shallow, lentic, and eutrophic environments
of Brazil's semiarid regions is expanding.

Martins et al. (1991) cataloged 44 taxa from
the Dique do Tororo, a eutrophic urban spring
(Silva et al. 2021) in the municipality of Salvador,
of which 28 belong to the class Chlorophyceae,
with a predominance of 53% of Scenedesmaceae
(15 taxa). This family also stood out in the current
study, accounting for 63% of the taxa identified.
The Scenedesmaceae family contains several
species that occur in various environmental
conditions (Rosini et al. 2013, Ramos et al. 2018,

An Acad Bras Cienc (2024) 96(4) €20231398 13| 26
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Axis 1 (68.3%)

Figure 6. Graphical representation of the Principal Component Analysis of abiotic variables measured in the ponds
of Pindoba, Lagoa Grande, Parque da Lagoa, and Laguneville in Feira de Santana, Bahia. TDS = Total dissolved

solids, pH = pH, TRANSP = Water transparency.

Pilatti et al. 2023), particularly in eutrophic
environments, where they typically dominate the
algal community (Tucci et al. 2006, Domingues &
Torgan 2012, D'Alessandro & Nogueira 2017).

The investigated ponds showed significant
differences in most evaluated environmental
variables (Table Il1), indicating a limnological
distinction, particularly in relation to pH,
conductivity, and water transparency, as
illustrated by the PCA diagram (Fig. 6). Despite
their proximity (maximum distance of 6.8
km between Pindoba and Lagoa Grande, and
minimum distance of 2.9 km between Parque da
Lagoa and Lagoa Grande) and urban location,
these ponds displayed distinct limnological
characteristics, which may have been influenced
by their different uses and occupation histories.

An Acad Bras Cienc (2024) 96(4)

The urbanization that began in the 1950s
in Feira de Santana, in the Pojuca and Subaeé
river basins, significantly changed the city's
configuration, directly influencing ponds in the
area. Urban expansion has caused a gradual
increase in anthropogenic pressure on ponds,
significantly reducing their original areas (Santo
2012). Parque da Lagoa and Lagoa Grande, located
in densely populated areas, recovered their
water depths and were converted into municipal
parks. The Pindoba, on the other hand, had its
water depth partially grounded due to urban
expansion in the Novo Horizonte neighborhood,
whereas Laguneville was integrated into a
private condominium.

€20231398 14|26
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Figure 7. Chlorophyta taxa. a) Coelastrum sphaericum, b) Comasiella arcuata var. platydisca, c) Desmodesmus
armatus var. bicaudatus, d) D. communis, e) D. denticulatus, f) D. dispar, g) D. granulatus, h) D. lunatus, i) D.
maximus, j) D. opoliensis var. mononensis, k) D. spinosus, |) D. spinulatus, m) Hariotina reticulata, n) Scenedesmus
baculiformis, 0) S. ecornis, p) S. indicus, q) S. obtusus, r) Tetradesmus dimorphus, s) T. lagerheimii, t) T. obliquus.

Bar: 10 pm.

An Acad Bras Cienc (2024) 96(4) €20231398 15| 26
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Figure 8. Chlorophyta taxa. a) Tetrastrum heteracanthum, b) T. staurogeniiforme, c) Verrucodesmus verrucosus, d)
Ankistrodesmus arcuatus, d) Kirchneriella dianae, f) Monoraphidium caribeum, g) M. circinale, h) M. contortum,

i) M. griffithii, j) M. irregulare, k) M. Romarkovae, 1) M. nanum, m) M. pusillum, n) M. subclavatum, o) M. tortile, p)
Monactinus simplex var. echinulatum, q) Pediastrum angulosum r) P. duplex. Bar: 10 pm.

An Acad Bras Cienc (2024) 96(4) €20231398 16 | 26
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Figure 9. Chlorophyta taxa. a) Stauridium tetras. b) Tetraédron minimum, c) T. triangulare, d) T. tumidulum, e)
Chlorella sp., f) Dictyosphaerium ehrenbergianum, g) Mucidosphaerium pulchellum, h) Golenkinia radiata, i)
Schroederia indica, j) S. spiralis, k) Nephrochlamys allanthoidea, ) Oocystis marssonii, m) Willea apiculata, n) W.

crucifera, o) Lemmermannia komarekii, p) L. tetrapedia. Bar: 10 pm.
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Figure 10. Scanning electron microscopy of Chlorophyta taxa. a) Comasiella arcuata var. platydisca, b)
Desmodesmus maximus, c) D. armatus var. bicaudatus, d) D. dispar, e) D. spinulatus, f) D. spinosus. Bar: 5 pm.
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Figure 11. Scanning electron microscopy of Chlorophyta taxa. a) Hariotina reticulata, b) Scenedesmus baculiformis,
¢) S. obtusus, d) Tetradesmus dimorphus, e) T. lagerheimii, f) T. obliquus. Bar: 5 pm.
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Figure 12. Scanning electron microscopy of Chlorophyta taxa. a) Tetrastrum heteracanthum, b) T. staurogeniiforme,
¢) Monoraphidium griffithii, d) M. circinale, e-f) M. nanum, g) Monactinus simplex var. echinulatum, h) Pediastrum
duplex. Bar:5 pm
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GREEN ALGAE IN URBAN PONDS IN THE SEMIARID REGION

Figure 13. Scanning electron microscopy of Chlorophyta taxa. a) Stauridium tetras. b) Tetraédron minimum, c) T.
tumidulum, d) Chlorella sp., e) Willea crucifera, f) Dictyosphaerium ehrenbergianum. Bar: 5 pm.

Although the Municipal Environmental
Code, through Complementary Law No. 1612/92,
established minimum preservation areas around
water bodies, which are 30 m for lakes and
ponds, 50 m for water holes and springs, and
100 m for some ponds in the urban area, framed
as Permanent Protection Areas (APP), disorderly
urban expansion and a lack of municipal
supervision have caused environmental
degradation in the ponds (Santo et al. 2021).

Analyzing the physicochemical properties
of a body of water and its biotic communities is
an excellent tool for evaluating environmental
changes, whether anthropogenic or natural (Kruk
et al. 2012, Barreto et al. 2013, Silva et al. 2016).
The abiotic variables correlated with the taxa
identified in the present study revealed different
environmental preferences and tolerances.
These occurred inwell-oxygenated environments
(5.8-12.3 mg L"), with high conductivity (400-1000
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uS cm™), pH conditions ranging from neutral to
slightly alkaline (pH 7-8), and an average water
temperature showing little variation (26-27 °C)
(Table I1). Water transparency was reduced,
ranging from 0.16-0.30 (m) in the Lagoa Grande
and Laguneville ponds, and from 0.27-0.55 (m) in
the Parque da Lagoa and Pindoba. This decrease
in transparency can be attributed to the urban
location of the ponds, which are subjected to
continuous anthropogenic pressures. Lagoa
Grande receives large amounts of domestic
sewage (Riley et al. 2022).

The pH, water temperature (°C), and
dissolved oxygen (mg L") values recorded in this
study are similar to those reported by Chellappa
et al. (2008) and Oliveira et al. (2019) for water
bodies in northeastern Brazil's semiarid region,
respectively, the public dam of Cruzeta in Rio
Grande do Norte and the reservoirs of Saco |
and Cachoeira Il in Pernambuco. In terms of
phytoplankton representatives, our findings
were comparable to those of Chellappa et al.
(2008), who identified 42 taxa. Phytoplankton
communities are intrinsically complex and are
shaped by a series of environmental fluctuations
(Celekli et al. 2014, Oterler et al. 2018, Yang et al.
2022).

The NMDS analysis revealed significant
differences in taxa composition among the
ponds (PERMANOVA: F = 18.553, p < 0.001) (Fig. 5).

The Laguneville pond had more variability in
its samples than the other ponds, as evidenced
by its distribution in the NMDS space, indicating
greater heterogeneity in taxonomic composition,
which may reflect disturbances in environmental
conditions (Anderson et al. 2006).

The Parque da Lagoa, Lagoa Grande,
and Pindoba, on the other hand, had a more
aggregated distribution in the NMDS space,
indicating a more homogeneous composition
among the variables analyzed. According to
Legendre & Legendre (2012), an aggregate

GREEN ALGAE IN URBAN PONDS IN THE SEMIARID REGION

distribution may indicate more stable conditions
over time or similar conditions between
sampling sites.

The findings of this study show that despite
anthropogenic pressure, urban aquatic bodies
support diverse phytoplankton communities.
The biodiversity found in ponds demonstrates
the resilience of aquatic environments to
anthropogenic influences. These findings
highlight the critical need to take action to
restore and conserve urban ponds in Feira
de Santana. These measures are critical for
preserving the health of these ecosystems and
preventing biodiversity loss and ensuring the
provision of critical ecosystem services, such as
local climate regulation.

Acknowledgments

This research is based upon work funded by a
Master scholarship grant to the first author (Proc.
88887.650198/2021-00) by the Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES).
We thank the Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico (CNPg) and Fundacao de
Amparo a Pesquisa do Estado da Bahia for their financial
support (FAPESB: Project “Flora da Bahia,” 483909/2012),
as well as, the Programa de Pos-Graduacao em Botanica,
Universidade Estadual de Feira de Santana for the
logistic support. This study was financed in part by the
Coordenacao de Aperfeicoamento de Pessoal de Nivel
Superior - Brasil (CAPES) - Finance Code 001.

REFERENCES

ABOIM IL. 2018. A influéncia da qualidade da agua
sobre a estrutura da comunidade fitoplanctonica em
uma série temporal de 3 anos, no Rio Jequitinhonha,
Bahia. Dissertacao, Programa de Pds-Graduagao em
Geoquimica: Petroleo e Meio Ambiente (POSPETRO),
Universidade Federal da Bahia. (Unpublished).

ADAM MS, HIFNEY AF, FAWZY MA & AL-BADAANI AA. 2017.
Seasonal biodiversity and ecological studies on the
epiphytc microalgae communities in polluted and
unpolluted aquatic ecosystem at Assiut, Egypt. Eur J Ecol
3: 92-106.

An Acad Bras Cienc (2024) 96(4) €20231398 22 | 26



ADONES J.S. PEREIRA et al.

ALENCAR SA, RODRIGUES JLG, VIEIRA RS, OLIVEIRA ECC, SILVA
MAP & LACERDA SR. 2019. Microalgas planctonicas
(cloroficeas) como bioindicadoras da qualidade da agua
em reservatorio do semiarido cearense. Cad Cult Cien
18: 41-51.

ANDERSON M), ELLINGSEN KE & MCARDLE BH. 2006.
Multivariate dispersion as a measure of beta diversity.
Ecol Lett 9: 683-693.

BARRETO LV, BARROS FM, BONOMO P, ROCHA FA & AMORIM
JS. 2013. Eutrofizacao em rios brasileiros. Enciclopédia
Biosfera 9: 2165-2179.

BELLINGER EG & SIGEE DC. 2010. Freshwater algae:
identification and use as bioindicators. Chichester:
Wiley-Blackwell, 284 p.

BICUDO CEM & MENEZES M. 2017. Géneros de algas de
aguas continentais do Brasil: chave para identificacao e
descricoes, 3rd ed. Sao Carlos: RiMa.

BORDUQUI M & FERRAGUT C. 2012. Factors determining
periphytic algae succession in a tropical hypereutrophic
reservoir. Hydrobiologia 683: 109-122.

BRANDAO TF, OLIVEIRA AM & SANTOS RL. 2009. Estudo do
comportamento da precipitacao no municipio de Feira
de Santana - BA. An 13 Simp Bras Geogr Fis, p. 445-466.

CARRARO FGP. 2009. Estrutura do fitoplancton e a sua
utilizacao como indicador de condicoes ecologicas no
reservatorio de Pedra, Bahia. Dissertagao, Universidade
Federal Rural de Pernambuco. (Unpublished).

GELEKLI A, OZTURK B & KAPI M. 2014. Relationship between
phytoplankton composition and environmental variables
in an artificial pond. Algal Res 5: 37-41.

CHAMIXAES CBCB. 1990. Ficoflorula do agude de Apipucos
(Recife-PE). Rev Bras Biol 50(1): 45-60.

CHELLAPPA NT, BORBA JM & ROCHA 0. 2008. Phytoplankton
community and physical-chemical characteristics of
water in the public reservoir of Cruzeta, RN, Brazil. Braz )
Biol 68(3): 477-494.

CLARKE KR. 1993. Non-parametric multivariate analyses of
changes in community structure. Aust J Ecol 18: 117-143.

COESEL PFM & KRIENITZ L. 2008. Diversity and geographic
distribution of desmids and other coccoid green algae.
Biodivers Conserv 17: 381-392.

COMAS A. 1996. Las Chlorococcales dulciacuicolas de
Cuba. Bibliotheca Phycologica, 99. Berlin: ] Cramer, 265 p.

CORDEIRO-ARAUJO MK, FUENTES EV, ARAGAO NKV, BITTENCOURT-
OLIVEIRA MC & MOURA AN. 2010. Dinamica fitoplanctdnica
relacionada as condigdes ambientais em reservatorio

GREEN ALGAE IN URBAN PONDS IN THE SEMIARID REGION

de abastecimento piblico do semiarido brasileiro. Rev
Bras Cienc Agrar 5(4): 592-599.

D'ALESSANDRO EB & NOGUEIRA IS. 2017. Algas planctdnicas
flageladas e cocoides verdes de um lago no Parque
Beija-Flor, Goidnia, GO, Brasil. Hoehnea 44(3): 415-430.

DOMINGUES CD & TORGAN LC. 2012. Chlorophyta de um lago
artificial hipereutrofico no sul do Brasil. Heringia Sér Bot
67(1): 75-91.

DUNALSKA JA, GROCHOWSKA J, WISNIEWSKI G & NAPIORKOWSKA-
KRZEBIETKE A. 2015. Can we restore badly degraded urban
lakes? Ecol Eng 82: 432-441.

DUNCK B ET AL. 2018. Periphytic and planktonic algae
records from the upper Parana river floodplain, Brazil:
an update. Hoehnea 45(4): 560-590.

ETEROVICK PC & GIANI A. 1997. Levantamento taxonomico
das Chlorophyta (Volvocales, Chlorococcales,
Zygnematales) do Reservatdorio da Pampulha, MG. Rev
Bras Bot 20: 79-90.

FANG L, LELIAERT F, ZHANG ZH, PENNY D & ZHONG BJ. 2017.
Evolution of the Chlorophyta: Insights from chloroplast
phylogenomic analyses. J Syst Evol 55(4): 322-332.

FERNANDES VO, CAMARGO-SANTOS D & ZORZAL-ALMEIDA S.
2022. Microalgas e cianobactérias continentais no estado
do Espirito Santo: passado, presente e futuro. Oecol Aust
26(2): 213-226.

FERREIRA ACS & MENEZES M. 2000. Flora planctonica de um
reservatorio eutrofico, lagoa Guandu, municipio de Nova
lguacu, RJ. Hoehnea 27: 45-76.

FUCIKOVA K, LEWIS PO, NEUPANE S, KAROL KG & LEWIS LA.
2019. Order, please! Uncertainty in the ordinal-level
classification of Chlorophyceae. Peer] 7: €6899.

FUENTES EV, OLIVEIRA HSB, CORDEIRO-ARAUJO MK, SEVERI
W & MOURA AN. 2010. Variacao Espacial e Temporal do
Fitoplancton do Rio de Contas, Bahia, Brasil. Rev Bras
Eng Pesca 5(2): 13-25.

GENTIL RC, TUCCI A & SANT'ANNA CL. 2008. Dinamica da
comunidade fitoplanctonica e aspectos sanitarios de
um lago urbano eutrofico em Sao Paulo, SP. Hoehnea
35(2): 265-280.

GIANI A & PINTO-COELHO RM. 1986. Contribuicao ao
conhecimento das algas fitoplanctdnicas do reservatorio
do Paranoa, Brasilia, Brasil: Chlorophyta, Euglenophyta,
Pirrophyta e Schizophyta. Rev Bras Bot 9: 45-62.

GOES MIL, NASCIMENTO KJ, RANGEL AJ, FERREIRA R}, SANTOS TML
& LACERDA SR. 2016. Planktonic microalgae in recreational
fishponds of the Crato municipality, Ceara state/Brazil.
Rev Agro Amb 9(1): 163-179.

An Acad Bras Cienc (2024) 96(4) €20231398 23| 26



ADONES J.S. PEREIRA et al.

HUSZAR VLM, SILVA LHS, MARINHO MM, DOMINGOS P &
SANT'ANNA CL. 2000. Cyanoprokaryote assemblages in
eight productive tropical Brazilian waters. In: Reynolds
CS, Dokulil M & Padisak J (Eds.). The Trophic Spectrum
Revisited: The Influence of Trophic State on the Assembly
of Phytoplankton Communities. Dordrecht: Kluwer
Academic Publishers, p. 67-77.

IBGE - INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA.
2022. Censo Demografico. Available at: https://www.
ibge.gov.br/estatisticas/sociais/trabalho/22827-censo-
demografico-2022.html. Accessed on: August 29, 2023.

KOMAREK ) & FOTT B. 1983. Chlorophyceae (Grinalgen),
Ordiniung: Chlorococcales. In: Huber-Pestalozzi G,
Heynig H, Mollenhauer D & Stuttgart E (Eds.), Das
Phytoplankton des Susswasser: systematik und biologie.
Schweizerbart'sche Verlagsbuchlandlung, p. 1-1044.

KRIENITZ L & BOCK C. 2012. Present state of the systematics
of planktonic coccoid green algae of inland waters.
Hydrobiologia 698: 295-326.

KRUK C, SEGURA AM, PEETERS ETHM, HUSZAR VLM, COSTA LS,
KOSTEN S, LACEROT G & SCHEFFER M. 2012. Phytoplankton
species predictability increases towards warmer regions.
Limnol Oceanogr 57(4): 1126-1135.

LEGENDRE P & LEGENDRE L. 2012. Numerical Ecology, 3rd ed.
Amsterdam: Elsevier. ISBN: 978-0-444-53868-0.

LELIAERT F. 2019. Green algae: Chlorophyta and
Streptophyta. In: Schmidt TM, editor. Encyclopedia of
Microbiology, 4th ed. Burlington (MA): Academic Press,
p. 457-468.

MAOQ X, WEI X, JIN X, TAO Y, ZHANG Z & WANG W. 2019. Monitoring
urban wetlands restoration in Qinghai Plateau: integrated
performance from ecological characters, ecological
processes to ecosystem services. Ecol Indic 101: 623-631.

MARTINS DV, SANT'ANNA CL & DE OLIVEIRA OC. 1991. Estudo
qualitativo do fitoplancton do dique do Tororo, Salvador,
Bahia, Brasil. Rev Bras Biol 51(2): 445-453.

MATTEUCCI SD & COLMA A. 1982. Metodologia para el estudio
de la vegetacion. Washington: Série Biologia, p. 167.

MENEZES M. 1999. Flora ficologica da Quinta da Boa
Vista, RJ: taxonomia e estratégias de populacoes de
Chlorophyceae flageladas em um lago artificial com
déficit hidrico. Hoehnea 26: 107-120.

MOURA CWN, RAMOS GJP & SANTOS MF. 2021. Protocolo de
Preparacdo de Amostras de Desmidias (Desmidiaceae,
Zygnematophyceae) para Estudos Morfologicos por
meio de Microscopia Eletronica de Varredura. Hoehnea
48: €1342020.

GREEN ALGAE IN URBAN PONDS IN THE SEMIARID REGION

NOGUEIRA IS & LEANDRO-RODRIGUES NC. 1999. Algas
Planctonicas de um lago artificial do Jardim Botanico
Chico Mendes, Goiania, Goias: floristica e algumas
consideracbes ecologicas. Rev Bras Biol 59(3): 377-395.

NOGUEIRA 1S, NABOUT JC, OLIVEIRA JE & SILVA KD. 2008.
Diversidade (alfa, beta e gama) da comunidade
fitoplanctonica de quatro lagos artificiais urbanos do
municipio de Goidnia, GO. Hoehnea 35(2): 219-233.

OLIVEIRA CYB, OLIVEIRA CDL, ALMEIDA AJG, GALVEZ AO & DANTAS
DM. 2019. Phytoplankton responses to an extreme
drought season: A case study at two reservoirs from
a semiarid region, Northeastern Brazil. ) Limnol 78(2):
176-184.

OTERLER B, ELIPEK BC & ARAT SM. 2018. Influence of
Environmental Conditions on the Phytoplankton
Community Assemblages in Siloglu Reservoir (Edirne,
Turkey). Turk J Fish Aquat Sci 18: 969-982.

PILATTI MC, SILVA TT, BORTOLINI JC, MEDEIROS G, AMARAL
MWW, NARDELLI MS & BUENO NC. 2023. Taxonomic study
and local environmental conditions of occurrence of
Chlorophyceae (Chlorophyta) from subtropical lotic
environments, Parana, Brazil. Biota Neotrop 23(2):
€20221419.

QIN BQ, GAO G, ZHU GW, ZHANG YL, SONG YZ, TANG XM, XU H
& DENG JM. 2013. Lake eutrophication and its ecosystem
response. Chin Sci Bull 58: 961-970.

R DEVELOPMENT CORE TEAM. 2023. R: a language and
environment for statistical computing. Vienna: R
Foundation for Statistical Computing. Available at:
https://www.r-project.org/.

RAMOS GJP, BICUDO CEM, GOES-NETO A & MOURA CWN. 2012.
Monoraphidium and Ankistrodesmus (Chlorophyceae,
Chlorophyta) from Pantanal dos Marimbus, Chapada
Diamantina, Bahia State, Brazil. Hoehnea 39: 421-434.

RAMOS GJP, BICUDO CEM, GOES-NETO A & MOURA CWN. 2014,
New additions of coccoid green algae to the phycoflora
of Brazil and the Neotropics. Acta Bot Bras (Impresso)
28: 8-16.

RAMOS GJP, BICUDO CEM & MOURA CWN. 2015a. Novos
registros de algas verdes cocoides (Chlorophyceae,
Chlorophyta) para o estado da Bahia e para o Brasil.
Sitientibus Ser Cienc Biol 15: 1-13.

RAMOS GJP, BICUDO CEM & MOURA CWN. 2015b.
Trebouxiophyceae (Chlorophyta) do Pantanal dos
Marimbus, Chapada Diamantina, Bahia, Brasil. Iheringia
Ser Bot 70: 57-72.

RAMOS GJP, BICUDO CEM & MOURA CWN. 2015c. Oocystis
apicurvata sp. Nov. (Oocystaceae, Trebouxiophyceae), a

An Acad Bras Cienc (2024) 96(4) €20231398 24 | 26



ADONES J.S. PEREIRA et al.

new species of green algae from Chapada Diamantina,
northeast Brazil. Braz ) Bot 38: 171-173.

RAMOS GJP, BICUDO CEM & MOURA CWN. 2015d.
Scenedesmaceae (Chlorophyta, Chlorophyceae) de duas
areas do Pantanal dos Marimbus (Baiano e Remanso),
Chapada Diamantina, Estado da Bahia, Brasil. Hoehnea
42: 549-566.

RAMOS GJP, BICUDO CEM & MOURA CWN. 2016. Hydrodictyaceae
(Chlorophyceae, Chlorophyta) do Pantanal dos
Marimbus, Chapada Diamantina, Bahia, Brasil. Iheringia
Ser Bot 71: 13-21.

RAMOS GJP, BICUDO CEM & MOURA CWN. 2018. Diversity of
green algae (Chlorophyta) from bromeliad phytotelmata
in areas of rocky outcrops and “restinga”, Bahia state,
Brazil. Rodriguésia 69(4): 1973-1985.

RAMOS GJP, OLIVEIRA IB & MOURA CWN. 2021. On the
occurrence of the genus Gloeotaenium (Oocystaceae,
Trebouxiophyceae) in Brazil. Rodriguésia 72: €00362020.

RIEDIGER W, BUENO NC, JATI S & SEBASTIEN NY. 2014,
Fitoplancton de lagoas de estabilizacao da Estacao de
Tratamento de Esgoto (ETE) no oeste do Parana, Brasil:
classes Chlorophyceae e Euglenophyceae. Iheringia Ser
Bot 69(2): 329-340.

RILEY MC, SILVA SA, JESUS TB & SANTOS LTSO. 2022. Analise
da qualidade da agua superficial das lagoas Grande e
Salgada em Feira de Santana-BA. Cad Prudentino Geogr
44(1): 162-193.

RODRIGUES LL, SANT'ANNA CL & TUCCI A. 2010. Chlorophyceae
das Represas Billings (Braco-Taquacetuba) e
Guarapiranga, SP, Brasil. Rev Bras Bot 33(2): 247-264.

ROSINI EF, SANT'ANNA CL & TUCCI A. 2013. Scenedesmaceae
(Chlorococcales, Chlorophyceae) de pesqueiros
da Regiao Metropolitana de Sao Paulo, SP, Brasil:
levantamento floristico. Hoehnea 40(4): 661-678.

ROSINI EF & TUCCI A. 2020. Fitoplancton do Parque Aquicola
Ponte Pensa, Reservatorio de Ilha Solteira, SP. Pesquisas
Botanica 74: 381-421.

ROY AS & PAL R. 2015. Planktonic Chlorophytes from Indian
Ramsar Site. Phykos 45(2): 29-42.

SANTANA LM, NABOUT JC & FERRAGUT C. 2017. Taxonomic and
functional classifications of phytoplankton in tropical
reservoirs with different trophic states. Braz J Bot 41(1):
91-102.

SANTO SM. 2012. A expansao urbana, o estado e as
aguas em Feira de Santana - Bahia (1940-2010). Tese de
Doutorado. Programa de Pos-Graduagao em Arquitetura
e Urbanismo, Universidade Federal da Bahia.

GREEN ALGAE IN URBAN PONDS IN THE SEMIARID REGION

SANTO SM, CARELLI L, SANTOS RL & ARAUJO DS. 2021.
Recuperacao e preservacao de recursos hidricos urbanos
parceria entre Universidade e Prefeitura para criagao e
manutencao de areas de lazer nas lagoas de Feira de
Santana/BA. Braz ) Dev 6(12): 103860-103876.

SILVA ACM, AZEVEDO IHS, GONCALVES MVP & CRUZ MJM. 2021.
Variabilidade sazonal da qualidade de agua em lagoas
urbanas no Nordeste Do Brasil. Geociéncias 40(1):
207-220.

SILVA LS. 1999. Fitoplancton de um reservatorio eutrofico
(lago Monte Alegre), Ribeirdao Preto, Sao Paulo, Brasil. Rev
Bras Biol 59: 281-303.

SILVA TFG ET AL. 2016. Modelagem da Lagoa da Pampulha:
uma ferramenta para avaliar o impacto da bacia
hidrografica na dinamica do fitoplancton. Eng Sanit
Ambient 21(1): 95-108.

TUCCI A, SANT'ANNA CL, GENTIL RC & AZEVEDO MTP. 2006.
Fitoplancton do Lago das Garcas, Sao Paulo, Brasil: um
reservatorio urbano eutrofico. Hoehnea 33(2): 147-175.

VIEIRA RS, RICARTE EMF, OLIVEIRA NM, RODRIGUES JLG, OLIVEIRA
ECC, GOES MIL, SILVA TA & LACERDA SR. 2021. Composicao
do fitoplancton em reservatorio de abastecimento no
semiarido nordestino. Braz J Dev 7(7): 65397-65414.

WANG H & WANG H. 2009. Mitigation of lake eutrophication:
Loosen nitrogen control and focus on phosphorus
abatement. Prog Nat Sci 19: 1445-1451.

WERNER VR, TUCCI A, SILVA LM, YUNES JS, NEUHAUS EB, BERTHOLD
DE & LAUGHINGHOUSE HDIV. 2020. Morphological, ecological
and toxicological aspects of Raphidiopsis raciborskii
(Cyanobacteria) in a eutrophic urban subtropical lake
in southern Brazil. Iheringia Ser Bot 75(e2020018): 1-12.

YANG Y, CHEN H, ABDULLAH AL M, NDAYISHIMIYE JC, YANG JR,
ISABWE A & LUO A. 2022. Urbanization reduces resource
use efficiency of phytoplankton community by altering
the environment and decreasing biodiversity. J Environ
Sci 112: 140-151.

How to cite

PEREIRA AJS, RAMOS GJP, LIMA MAS, BRITO KLM, VILLA PM, TUCCI A &
MOURA CWN. 2024. Unveiling the unknown diversity of planktonic
green algae (Chlorophyta) in urban ponds in the semiarid region of
Northeastern Brazil. An Acad Bras Cienc 96: €20231398. DOI 10.1590/0001-
3765202420231398.

Manuscript received on January 4, 2024;
accepted for publication on May 16, 2024

ADONES J.S. PEREIRA'
https://orcid.org/0009-0005-2738-5769

An Acad Bras Cienc (2024) 96(4) €20231398 25 | 26



ADONES J.S. PEREIRA et al.

GERALDO ]OSE P. RAMOS?
https://orcid.org/0000-0003-2089-0461

MARIA APARECIDA S. LIMA!
https://orcid.org/0000-0001-9354-7192

KATIA LIDIANE M. BRITO'
https://orcid.org/0009-0004-9213-1872

PEDRO MANUEL VILLA'
https://orcid.org/0000-0003-4826-3187

ANDREA TUCCP
https://orcid.org/0000-0003-4187-8250

CARLOS WALLACE N. MOURA'
https://orcid.org/0000-0001-6904-6603

GREEN ALGAE IN URBAN PONDS IN THE SEMIARID REGION

'Universidade Estadual de Feira de Santana, Programa de Pos-
Graduagao em Botanica, Departamento de Ciéncias Biologicas,
Av. Transnordestina, 44036-900 Feira de Santana, BA, Brazil

Universidade Estadual do Sudoeste da Bahia, Departamento
de Ciéncias Naturais, Estrada Bem Querer, km 4, s/n, Bairro
Universitario, 45031-300 Vitoria da Conquista, BA, Brazil

*Instituto de Pesquisas Ambientais, Nicleo de Conservacao
da Biodiversidade, Centro de Pesquisas, Av. Miguel
Estéfano, 3687, 04301-012 Sao Paulo, SP, Brazil

Correspondence to: Geraldo José Peixoto Ramos
E-mail: geraldo.ramos@uesb.edu.br

Author contributions

AJSP and CWNM contributed to the concept, data collection,
analysis, figures, and manuscript writing; GJPR, MAS, KLMB,
and AT assisted in taxonomic identification and writing of the
manuscript; PMV contributed to the study statistics and writing;
AJSP wrote the first draft of the manuscript; and all authors
provided feedback on previous drafts. The final manuscript has
been read and approved by all authors.

[@)ey |

An Acad Bras Cienc (2024) 96(4) €20231398 26 | 26



