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Abstract: Fresh water biodiversity is an increasing concern due to growing human impact. Herein, we
report a long-term survey (ca. 90 years) of sedimentary diatoms and the modern flora from surface
sediments and their biodiversity changes along a eutrophication gradient. Study was carried out in one of
the most important water supply reservoirs (Guarapiranga Reservoir) of Sdo Paulo Metropolitan
Region, Brazil. Results are based on 75 core subsamples (subfossil assemblages from core) previously
dated by 2!°Pb and 14 samples from surface sediments (modern assemblages). Overall, 84 taxa were
reported, belonging to 30 genera, 71 species and eight non-typical varieties, besides five probable new
taxa. Results expanded two new additions for the Brazilian diatom flora (Chamaepinnularia submuscicula
and Stauroneis acidoclinata) and 30 infrageneric taxa for the state of Sao Paulo. 47.6% of total taxa
inventoried were accounted exclusively for the subfossil assemblages indicating a significant biodiversity
change over time. Access to past oligotrophic conditions and to contemporary mesotrophic regions of
the Guarapiranga Reservoir accounted for these new additions representing 25% of the total diatom
flora. Decline in the total species number along the trophic state gradient occurred for subfossil and
modern assemblages. This pattern was even clearer when considering the changes in species richness over
time. Eunotia with 21 taxa was the far most represented genera particularly in the oligotrophic phase.
During the transitional period (1947-1974), richness gradually declined. With the onset (in the 1970s) and
the major eutrophication period (since ca. 1990) occurred a drastic reduction in richness and the
replacement of oligotrophic to eutrophic species. Human management also caused abrupt changes in
richness. Marked decline occurred (1933) assotiated with hydrological impacts (water discharge increase)
with the initial use of the reservoir as a public water supply. Unlike, sudden increase occurred probably
associated with the application of algaecide to control cyanobacterial blooms. Present findings highlight
the need for surveying the diatom assemblages in protected environments or in less degraded conditions
for biodiversity assessment. Furthermore, reinforce the use of paleolimnological approach as in many
cases the only tool to assess biodiversity changes encompassing time scales relevant to human-induced
degradation and pre-anthropogenic impacts.

Keywords: Bacillariophyta, biodiversity change, eutrophication, Guarapiranga Reservoir, paleolimnology,
species richness.
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Resumo: A biodiversidade de aguas continentais vem se tornando uma preocupagdo crescente devido ao
grande aumento do impacto antropogénico nesses ambientes. Nosso objetivo foi documentar o inventario e a
mudanga da biodiversidade das comunidades de diatomaceas subfosseis ao longo de 90 anos e das
diatomaceas recentes de sedimentos superficiais ao longo de um gradiente de eutrofizagdo. O estudo foi
realizado em um dos mais importantes reservatorios de abastecimento publico (represa Guarapiranga) da
Regido Metropolitana de Sao Paulo, Brasil. Baseou-se na analise de 75 subamostras de um perfil sedimentar
(comunidades subfosseis) previamente datado pelo 2'°Pb e em 14 amostras de sedimento superificial
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(comunidades recentes). Ao todo, identificamos 84 taxons, distribuidos em 30 géneros, 71 espécies e oito
variedades nao tipicas, além de cinco provaveis novidades taxonomicas. Os resultados acresceram duas novas
citagdes para a florula diatomologica do Brasil (Chamaepinnularia submuscicula e Stauroneis acidoclinata) e 30
taxons infragenéricos para o Estado de Sao Paulo. Desse total, 47,6% foram identificados exclusivamente
para as comunidades subfosseis indicando uma mudanga significativa da biodiversidade ao longo do tempo.
O acesso as condigdes oligotroficas pretéritas e as regides mesotroficas recentes da represa foi responsavel
pelas novas adi¢des que representaram 25% do total da diatomoflorula. Declinio do ntimero total de espécies
ao longo do gradiente de estado trofico foi observado para as comunidades de diatoméaceas subfosseis e
modernas. Esta tendéncia foi ainda mais evidente com base na alteragio da riqueza de espécies ao longo do
tempo. Eunotia com 21 taxons foi o género mais representado particularmente na fase oligotrofica da represa.
Durante o periodo de transicdo (1947-1974) houve diminuigdo gradativa da riqueza. Com o inicio da
eutrofizagio (década de 1970) e do periodo de maior eutrofizagao (desde 1990) ocorreu drastica redugao da
riqueza e substituigao de espécies oligotroficas por eutroficas. Mudangas abruptas de riqueza de diatomaceas
também foram observadas devido ao manejo da represa. Declinio marcado ocorreu (1933) associado a
impactos hidrologicos (aumento da vazao) com o inicio do uso do reservatorio para abastecimento publico.
De forma diferente, aumento repentino de riqueza ocorreu associado a aplicag@o de algicida para controlar as
floragdes de cianobactérias. Os presentes resultados salientam a necessidade de levantamentos das
comunidades de diatomaceas de ambientes protegidos ou em condi¢cdes menos degradadas em estudos que
visem o acesso a biodiversidade. Ademais, reforcam o uso da paleolimnologia como a tUnica ferramenta, em
muitos casos, que possibilita avaliar as mudangas da biodiversidade em escalas relevantes para acessar a
degradagao induzida pelo homem e periodos pré-impactados.

Palavras-chave: Bacillariophyta, mudang¢a de biodiversidade, eutrofiza¢do, represa Guarapiranga, paleo-

limnologia, riqueza de espécies.

Introduction

Despite covering just 0.8% of the Earth’s surface, freshwater
ecosystems are considered hotspots for biodiversity supporting ~ 6%
of all described species (Dudgeon et al. 2006). However, the growing
anthropogenic impacts in the last century has led to growing threats
to fresh water biodiversity as well as to the largely “unknown”
diversity worldwide (Strayer & Dudgeon 2010). Decreases in
biodiversity are so widespread that they are now considered a form
of global change (Gregory-Eaves & Beisner 2011). Therefore,
information on biodiversity changes in long timescales has become
an important issue of freshwater ecology and conservation.

Given long-term community data are sparse and usually span
no more than five years, the paleolimnological approach has
recently been highlithed as an emerging field for biodiversity
science (Gregory-Eaves & Beisner 2011). Lake sediments
integrate organisms over time and space, different habitats, pro-
viding whole-lake, annual to multi-annual assemblage informa-
tion more efficiently than neolimnological studies (Bennion 1995,
Gregory-Eaves & Beisner 2011). They can provide valuable
information about past and contemporary environmental con-
ditions, having good records of biodiversity (Froyd & Willis
2008, Liu et al. 2012, Davidson et al. 2013) and floristic changes
(Schmidt et al. 1990).

Among the biological groups preserved in the sediments,
diatoms have been widely used because of their taxonomic
distinction, abundance, good preservation in sediments and their
rapid response to environmental changes (Reid 2005, Bennion &
Simpson 2011). The use of diatoms as indicators of environmental
changes require high taxonomic precision (Birks 1994), since
misidentifications can modify the interpretation in obtaining
reliable data on modern diatom biodiversity (Buczk6é & Magyari
2007, Wetzel & Ector 2014). Also relevant is the auto-ecological
knowledge of diatom species in order to use them as modern
analogues in quantitative paleo-environmental reconstruction
using sediment records of past communities (Birks 1994). More-
over, past communities are very often the only available tool to
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provide information on natural biodiversity before human
impacts, such as cultural eutrophication. For those purposes,
floristic surveys in long time series are considered crucial (Schmidt
et al. 1990), though rarely available in the world, especially in
tropical regions

There has been an increasing knowledge of the diatom flora
in some regions of Brazil (e.g. Ferrari & Ludwig 2007, Melo et
al. 2010, Wetzel et al. 2010, Santos et al. 2011, Bartozek et al.
2013). However, only recently taxonomical studies of surface
sediments have began (Fontana & Bicudo 2009, 2012, Silva &
Bicudo 2014), including the addition of new species (Wengrat
et al. 2015, Almeida et al. 2015).

Despite the studies on paleoenvironmental reconstruction
using diatoms (e.g. Costa-Boddeker et al. 2012, Fontana et al.
2014), to our knowledge floristic and taxonomical studies of
sedimentary diatoms in long timescale in Brazil and probably in
tropical regions have not been published. We presently documen-
ted the floristic survey and the spatial-temporal distribution
of diatoms from the surface sediments (modern flora) and core
(ca. 90 years, subfossil flora) of the Guarapiranga Reservoir along
a spatial and temporal eutrophication gradient. The subfossil
diatom assemblage was taxonomically studied and revised based
on the ecological study of Fontana et al. (2014). The Guarapir-
anga Reservoir is one of the most important public water supplies
for the metropolitan region of Sao Paulo. Present study expands
the knowledge of biodiversity changes, taxonomical and ecological
information of tropical diatoms, contributing to their use in water
quality bioassessment and paleoenvironmental reconstruction.

Material and Methods

Guarapiranga Reservoir is a strategic public water supply
located in one of the most urbanized cities worldwide, the Sao
Paulo Metropolitan Region (SPMR), in the state of Sdo Paulo,
southeastern Brazil (23°41°S, 46°43W) (Figure 1). The SPMR is
one of the most important financial, commercial and industrial
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Figure 1. Map showing the location of the state of Sao Paulo in Brazil
and the city of Sao Paulo metropolitan region (SPMR) with location of
Guarapiranga Reservoir. Enlarged map of the reservoir with sampling
sites: solid circles for surface sediments (1 to 14) and solid red square
for core (Cy).

centers in Brazil, and one of the most densely populated areas
of the country, with nearly 20 million inhabitants (IBGE 2014).
The reservoir has an area of 36.18 km?, mean and maximum
depth of 7 and 13 m, respectively, and a water volume of 253 x
106 m® (Mozeto et al. 2001). It was built in 1906-1909 for
energy production, and dam construction flooded a large
portion of Atlantic Forest habitat (Whately & Cunha 2006). In
1927, the city of Sdo Paulo began to use the reservoir as a
public water supply, and today the reservoir is the main water
source for the city, supplying drinking water to about 25% of the
population. Fontana et al. (2014) inferred the major ecological
shifts (using diatoms and geochemical proxies) in the water body
over the last 90 years related to multiple stressors, mainly the
influence of forest flooding and eutrophication. The reservoir was
oligotrophic from 1919 to 1947 and the onset of eutrophication
occurred in the mid-1970s. By the early 1980s the reservoir had
become eutrophic, in response to an explosive increase in human
population in its watershed. Severe cultural eutrophication has
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persisted since 1990. Further information on the major shifts of
the reservoir is available in Fontana et al. (2014).

Core was retrieved by divers from the northern area of the
basin, close to the dam (Figure 1). The core chronology was
determined by 2!°Pb dating as detailed in Fontana et al. (2014).
Divers collected a 75-cm core in February 2010 using acrylic
tube that was sectioned at 1 cm intervals. In total, 75
subsamples (slices) were examined (subfossil diatom flora). In
addition, 14 samples of surface sediments (modern diatom
flora) were collected in August/2011, using a gravity corer
(UWITEC), and the first 2 cm of the sediments were saved for
diatom analysis. Sampling stations for surface sediments
covered the trophic spatial gradient of the reservoir (Figure 1).
Limnological characteristics of these sites are provided in Table 1
(according to AcquaSed database Project). Subsurface samples in
the limnetic zone were taken with a van Dorn sampler in the dry
(August/2011) and rainy seasons (March/2011). Water tempera-
ture (°C), pH and conductivity (uS cm™) were measured in the
field using standard electrodes (Horiba U-53). The analytical
procedure for dissolved oxygen (DO, mg L!), ammonium (N-NH,4
pg L), nitrate (N-NO5 pg L), soluble reactive silica (SRS, mg L™),
total nitrogen (TN, pg L) and total phosphorus (TP,
ng L) followed Standard Methods (APHA 2005). Chlorophyll
a (ug L), corrected for phacophytin, was measured using 90%
ethanol (Sartory & Grobbelaar 1984). The Trophic State Index
(TSI) was calculated according to Lamparelli (2004). For details,
see Wengrat & Bicudo (2011). Sampling sites 1 to 5 were
considered mesotrophic, and 6 to 11 and 13 to 14 eutrophic,
while site 12 was classified as supereutrophic (Table 1).

Diatom samples were oxidized according to standard
procedures (Battarbee et al. 2001), using concentrated hydro-
gen peroxide (H,O,, 35%) and hydrochloric acid (HC1 37%).
Oxidized subsamples were rinsed with deionized water and
permanent slides were prepared using Naphrax as mounting
medium. Optical observations, measurements and micrographs
were taken at a magnification of 1000 x with a Zeiss Axioskop
2 plus microscope equipped with DIC and phase contrast, with
an Axiocam ERcS5s high-resolution digital camera. Micro-
graphs were digitally manipulated and plates containing LM
images were created using CorelDraw X6. Morphometric
information is provided for all taxa (L: length; W: width; D:
diameter; M: mantle height; S: striae; AS: apical striae; MS:
median striae; F: fibulae, A: areolae; AC: alar canals; MF:
mantle fultoportulae) as well as temporal and spatial distribu-
tion in the reservoir. Descriptions are presented for the new
records for Brazil, and comments are provided when relevant
(e.g. poorly known species worldwide or in Brazil). Taxonomy
and nomenclature followed classic works and new publications
(e.g., Hustedt 1950, Krammer 2000, Metzeltin et al. 2005,
Lange-Bertalot et al. 2011) and the on-line catalogue of valid
names (site of California Academy of Sciences 2012). The
classification systems followed Medlin & Kaczmarska (2004)
for supra-ordinal taxa and Round et al. (1990) for subordinal
taxa, except for genera published subsequently to this work. To
account for the species distribution in Brazil and the state of
Sao Paulo, literature with illustration or sufficient taxonomic
description of the species was considered. Sediment samples
were deposited at the “Herbario Cientifico do Estado Maria
Eneyda P. Kauffmann Fidalgo” (SP), Brazil. Finally, to
determine species richness (Magurran 2004) diatom was
quantified to standardize the analytical procedure among
samples. Enumeration was made at a magnification of
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1000 x using a Zeiss Axioskop 2 microscope, and at least 400
valves were counted per slide (Battarbee et al. 2001).

Results and discussion

Taxonomy and ecological preferences

Below are presented the taxonomical aspects of the species
identified in this study and their ecological preferences. Taxa
preceded by one asterisk represent new records for the state
of Sao Paulo, and those preceded by two asterisks are first
citations for Brazil. The infrageneric taxa commonly reported
in Brazilian literature are shown in Table 2.

Aulacoseiraceae Crawford

Aulacoseira Thwaites
*Aulacoseira granulata Ehrenberg var. australiensis Moro,
Arquivos de Biologia e Tecnologia 34(2), p. 353-359, 1991.
Figs. 5-7.

M: 11.0-20.0 pm; D: 16.0-23.0 um; S: 8-9 in 10 um; A: 8-11
in 10 pm.

It differs from Aulacoseira granulata (Ehrenberg) Simonsen
var. granulata mainly due to its greater diameter (18.0-31.0 um)
and the presence of visible rimoportulae in LM in valve surface
(Moro 1991). No ecological information was found in literature.
This variety occurred in 2% of all samples in eutrophic conditions
for subfossil and modern assemblages. This is the first report for
the state of Sao Paulo.

Aulacoseira pusilla Meister) Tuji & Houk, Bulletin of the National
Sciense Museum, Series B (Botany), Tokyo, 30 (2), p. 38, 2004.
Figs. 10-11.

M: 2.0-2.6 um; D: 5.2-6.6 pm; inconspicuous striae.

In Brazil, this species was commonly confused with A. alpigena
(e.g. Brassac et al. 1999, Ludwig et al. 2005), 4. distans (Ehrenberg)
Simonsen (e.g. Ludwig et al. 2004, Raupp et al. 2006) or A.
muzzanensis (e.g. Morandi et al. 2006). It is considered a cosmo-
politan and eutrophic species (Houk & Klee 2007, Taylor et al. 2007,
Tuji & Williams 2007). Presently distributed in 68% of the core
samples (from oligo- to eutrophic phases). Our data expanded its
ecological range from oligotrophic to mesotrophic conditions.

Aulacoseira tenella (Nygaard) Simonsen, Bacillaria 2, p. 63, 1979.
Figs. 12-13 girdle view, Figs. 14-15 valve view.

M: 2.0- 3.0 pm; D: 5.0-8.0 pm; S: 8-9 in 10 um.

This species was reported from oligotrophic to oligo-meso-
trophic and slightly acidic to neutral waters (Siver & Kling 1997,
Wetzel 2011). Distributed in 60% of all samples from oligotrophic to
mesotrophic (subfossil samples) and from mesotrophic to eutrophic
conditions (modern samples).

Orthoseiraceae Kiitzing

Orthoseira Thwaites
Orthoseira roseana (Rabenhorst) O’Meara, Proceedings of the
Royal Irirsh Academy, 2 p. 255, pl. 26, 1875.
Figs. 16-18.

D: 13.1-17.3 pm; M: observed only in valve view; S: 16-18 in
10 um; A: 18-22 in 10 um.

Distributed in 41% of the subfossil samples in past
oligotrophic conditions.

Stephanodiscaceae Glezer & Makarova
Cyclotella (Kiitzing) Brébisson

http://dx.doi.org/10.1590/1676-0611-BN-2015-0129
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Table 2. Valve dimensions and trophic state range distribution based on literature and in this study for the species recorded in Guarapiranga
Reservoir that are commonly reported in Brazil.

Taxon

Dimension (um) and striae
(in 10 pm)

Ecology
(literature)

Distribution in samples (S: subfossil; M:
modern diatoms)

AULACOSEIRACEAE
Aulacoseira ambigua (Grunow)
Simonsen (Figs. 2-3)

Aulacoseira granulata (Ehrenberg)
Simonsen var. angustissima (Miiller)
Simonsen (Fig. 4)

Aulacoseira granulata (Ehrenberg)
Simonsen var. granulata (Figs. 8-9)

STEPHANODISCACEAE
Cyclotella meneghiniana

Kiitzing (Figs. 22-23)

Discostella pseudostelligera

(Hustedt) Houk & Klee (Figs. 24-25)
Discostella stelligera (Cleve and
Grunow) Houk & Klee (Figs. 26-27)
Spicaticribra rudis (Tremarin et al.)
Tuji et al. (Figs. 28-29)

FRAGILARIACEAE
Asterionella formosa Hassal
(Figs. 30-31)

EUNOTIACEAE

Eunotia camelus Ehrenberg
(Figs. 50-51)

Eunotia rabenhorstii var. monodon
Cleve & Grunow in Van Heurck
(Figs. 62-63)

Eunotia zygodon Ehrenberg
(Fig. 70)

CYMBELLACEAE

Cymbopleura naviculiformis (Auerswald)
Krammer (Figs. 84-85)

Encyonema silesiacum (Bleisch) Mann
(Figs. 86-87)

GOMPHONEMATACEAE
Gomphonema laticollum Reichardt
(Figs 99-100)

ACHNANTHIDIACEAE
Achnanthidium minutissimum (Kiitzing)
Czarnecki (Figs. 107-109)

STAURONEIDACEAE
Capartogramma crucicula
(Grunow ex Cleve) Ross (Fig. 149)

CATENULACEAE
Amphora copulata (Kiitzing)
Schoeman & Archibald (Figs. 161-162)

M: 4.0-10.0; D: 5.0-6.6; S:
10-13; A: 10-16

M: 10.0-20.0; D: 2.0-3.3;
S: 10-11; A: 10-12

M: 9.9-19.3; D: 5.2-12.6;
S: 8-10; A: 9-10

D: 13.8-22.0; S: 7-9

D: 5.0-8.0; S: 13-19; MF:
7-12
D: 9.7-17.5; S: 13-16

D: 15.3-22.6; S: 18-20; A:
16-18

L: 42.5-60.0; W: 2.2-2.6;
inconspicuous striae

L: 24.6-61.5; W: 4.6-7.0;
S: 9-11

L: 11.2-23.6; W: 5.0-8.1;
S: 12-13

L: 66.0-76.2; W: 20.0; S:
12

L: 34.4-41.3; W:
9.3-10.0; S: 11-14

L: 35.0-40.0; W: 6.0-7.5;
S: 7-10

L: 34.6-51.2; W:
12.0-13.3; S: 11-13

L: 13.7-14.6; W: 2.6-3.3;
inconspicuous striae

L: 30.0; W: 9.4;
inconspicuous striae

L: 28.0-36.3; W:
8.0-10.0; S: 8-13

Oligotrophic to
eutrophic!-®
Mesotrophic to
eutrophic®

Eutrophic'

Eutrophic®
Eutrophic'
Oligotrophic to

eutrophic*>
Mesotrophic’

Eutrophic'

Tolerant?

Tolerant? to
indifferent!

Oligotrophic to
eutrophic®

Eutrophic! to
tolerant?

Meso to supereutrophic conditions in
89% of samples (S, M)

Eutrophic conditions in 26% of samples
S, M)

Oligo to super-eutrophic in 70%
of samples (S, M)

Meso to super-eutrophic conditions in
79% of samples (S, M)

Mesotrophic to super-eutrophic
conditions in 37% of samples (S, M)
Mesotrophic to super-eutrophic
conditions in 64% of samples (S, M)
Mesotrophic to eutrophic conditions in
34% of samples (S, M)

Eutrophic conditions in 41% of samples

)

Oligo to mesotrophic conditions

in 25% of samples (S, M)

Oligotrophic to mesotrophic conditions
in 21% of samples (S)

Oligotrophic conditions in 36%
of samples (S)

Mesotrophic conditions in 14%

of samples (M)

Mesotrophic to supereutrophic
conditions in 46% of samples (S, M)

Oligo to mesotrophic conditions in 12%
of samples (S)

Oligo to eutrophic conditions in 65% of
samples (S, M)

Oligotrophic conditions in 1% of
samples (S)

Oligotrophic to eutrophic conditions in
19% of samples (S. M)

'van Dam et al. (1994); > Hofmann (1994); * Moro & Fiirstenberger (1997); * Yang & Dickman (1993); > Potapova & Charles (2007); © Stenger-
Kovacs et al. (2007); 7 Fontana et al. (2014); - : unavailable information.

*Cyclotella atomus Hustedt, Archiv fiir Hydrobiologie, Supple-

ment, p. 12, pl. 9, figs. 1-4, 1937.
Figs. 19-21.
D: 6.3-8.0 um; S: 10-12 in 10 pm.

This species differs from C. meneghiniana Kiitzing due to the

marginal area with short striae and distinct fultoportulae at every
third, fourth or fifth (seldom sixth to seventh) appearing as thicker
striae than the others (shadowlines), and the presence of a single,

http://dx.doi.org/10.1590/1676-0611-BN-2015-0129
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Figures 2-29. Modern and subfossil diatom flora of Guarapiranga Reservoir. Brazil. 2-3. Aulacoseira ambigua. 4. Aulacoseira granulata var.
angustissima. 5-7. Aulacoseira granulata var. australiensis. 8-9. Aulacoseira granulata var. granulata. 10-11. Aulacoseira pusilla. 12-13. Aulacoseira
tenella girdle view. 14-15. Aulacoseira tenella valve view. 16-18. Orthoseira roseana. 19-21. Cyclotella atomus. 22-23. Cyclotella meneghiniana. 24-25.
Discostella pseudostelligera. 26-27. Discostella stelligera. 28-29. Spicaticribra rudis. Scale bars: 10 pm.

seldom two, subcentral fultoportulae (Hakansson & Clarke 1997).
Furthermore, C. meneghiniana populations can reach larger
diameters (6-35 um) than C. atomus (6-10 um) (Lowe 1975).
This taxon was probably only reported in Brazil by Moro &
Firstenberger (1997) and Cavalcante et al. (2013). It is considered a
planktonic, acidophilic to alcalinophilic, and a eutrophic species
(van Dam et al. 1994, Moro & Fiirstenberger 1997, Kiss et al. 2012).
In this study, the species occurred in 79% of all samples in modern

http://www.scielo.br/bn

assemblages from mesotrophic to supereutrophic conditions. First
report for the state of Sao Paulo.

Fragilariaceae Greville
Fragilaria Lyngbye
*Fragilaria crotonensis Kitton, Hardwicke’s Sciemce-Gossip 5,
p. 109-110, pl. 3, 1869.
Figs. 32-34.

http://dx.doi.org/10.1590/1676-0611-BN-2015-0129
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Figures 30-51. Modern and subfossil diatom flora of Guarapiranga Reservoir. Brazil. 30-31. Asterionella formosa. 32-34. Fragilaria crotonensis. 35-38.
Fragilaria fragilarioides. 39-40. Fragilaria rolandschmidtii. 41-43. Fragilaria sp. 1. 44-45. Actinella lange-bertalotii. 46-47. Eunotia bidens. 48-49.

Eunotia bilunaris. 50-51. Eunotia camelus. Scale bars: 10 pm.

L: 32.5-76.6 pm; W: 2.6-4.0 um; S: 17-19 in 10 pm.

F. crotonensis forms long raft-like chains, where the cells are
joined along the valve faces (Crawford et al. 1985). It is usually
found in mesotrophic to eutrophic conditions (van Dam et al. 1994,
Hofmann 1994). In this study, the species was well distributed in
subfossil and modern assemblages in 81% of all samples from oligo-
to eutrophic conditions. Although widely distributed in ecological
studies, this is the first taxonomical report for the state of Sao Paulo.

Fragilaria fragilarioides (Grunow) Cholnoky, Nova Hedwigia 5, p.
168, 1963.
Figs. 35-38.

L: 22.7-48.7 ym; W: 2.6-3.3 pm; S: 12-16 in 10 pm.

This species occurred in 100% of the modern assemblages in
samples ranging from mesotrophic to super-eutrophic conditions.

http://dx.doi.org/10.1590/1676-0611-BN-2015-0129

Fragilaria rolandschmidtii Metzeltin & Lange-Bertalot, Iconogra-
phia Diatomologica 5, p. 236, pl. 1, fig. 14-16, 1998.
Figs. 39-40.

L: 66.1-110.0 um; W: 3.6-4.6 um; S: 20-22 in 10 pm.

This species was proposed from Amazonian material. Metzel-
tin & Lange-Bertalot (1998) mentioned its close resemblance
with Fragilariforma javanica (Hustedt) Wetzel, Morales & Ector.
It differs by the absence of spines and sternum, two difficult
characteristics to observe in LM. This taxon has several features
that are distinguished from Fragilaria sensu stricto such as narrow
or absent sternum, striae, and apical pore fields, and needs
ultrastructural studies to be transferred into to genus Fragilar-
iforma (P.D. Almeida, personal communication in October 2015).

This species has been mistakenly reported in Brazil as
F. javanica (e.g. Ferrari & Ludwig 2007), and this is the first report

http://www.scielo.br/bn
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with the correct name. It was distributed in 19% of all samples
from subfossil assemblages from oligo to mesotrophic conditions.

Fragilaria sp. 1
Figs. 41-43.

Valves linear with weakly convex margin; ends slightly
capitated; central area indistinct, bilaterally swelling. L: 53.8-58.7
um; W: 2.0-2.6 pm; inconspicuous striae.

This taxon resembles Fragilaria aquaplus Lange-Bertalot &
Ulrich in relation to the valve shape. However, F. aquaplus presents
smaller valve dimensions (L: 22-45 ym; W: 1.5-2.4 pm) and more
capitated apices in smaller individuals (Lange-Bertalot & Ulrich
2014). Furthermore, additional studies on ultra-structures, such
as rimoportulae, are necessary to evaluate if it is a new species.
The taxon was commonly reported in modern flora (64%) in
mesotrophic to eutrophic conditions.

Eunotiaceae Kiitzing

Actinella Lewis
*Actinella lange-bertalotii Kociolek, Studies on Diatoms 148,
pl. 46-50, 99-103, 2001.

Figs. 44-45.

L: 37.0-46.0 pm; W: 2.4-3.3 um; S: 19-20 in 10 pm.

The species was reported in acidic and black waters in
the Amazon basin (Melo et al. 2010). It occurred in 21% of
modern assemblage samples in mesotrophic condition. This is
the first report for the state of Sdo Paulo.

Eunotia Ehrenberg
Eunotia bidens Ehrenberg, Abhandlungen der Koniglichen Aka-
demie der Wissenschaften zu Berlin, p. 413, figs. 1-4, 1841 (1843).
Figs. 46-47.

L: 44.6-53.7 pm; W: 8.0-9.0 um at the swellings, 4.4-5.6 um at
the apices; S: 10-11 in 10 um.

Reported in oligo-mesotrophic waters (van Dam et al. 1994).
It was presentely well reported (41% samples) in subfossil
assemblages during past oligotrophic conditions.

Eunotia bilunaris (Ehrenberg) Schaarschmidt, Magyar Novenytani
Lapok 5, p. 159, 261-268, 1881.
Figs. 48-49.

L: 41.2-50.0 pm; W: 2.6-3.0 um; S: 19-20 in 10 pum.

Tolerant to indifferent (van Dam et al. 1994, Hofmann 1994).
It occurred in modern assemblages (21% of all samples) in
mesotrophic waters.

*Eunotia desmogonioides Metzeltin & Lange-Bertalot, Iconogra-
phia Diatomologica 11, p. 27, pl. 5: figs. 1-7, pl. 6: figs. 1-4, 2002
Fig. 52.
L: 115.7-126.5 pm; W: 4.0-6.0 pm; S: 13-16 in 10 pm.
Distributed in 23% of all samples and only in subfossil
assemblage in oligotrophic past conditions. First report for the
state of Sao Paulo.

*Eunotia elephas Ehrenberg, Abhandlungen der Koniglichen
Akademie der Wissenschaften zu Berlin, p. 414, pl. 1: fig. 5,
1841 (1843).

Fig. 53.

L: 113.5 pm; W: 25.0 pm; S: 15 in 10 pm.

The species was identified based on Ehrenberg’s type material
available in Metzeltin & Lange-Bertalot (2007) and Silva et al.
(2012). It was scarcely distributed in only 1% of samples from
subfossil assemblages during past oligotrophic conditions with
other acidophilic Eunotia species. First report for the state of Sao
Paulo.

http://www.scielo.br/bn

*Eunotia metamonodon Lange-Bertalot, Diatoms of Europe 6, p.
153, pl. 217: figs. 1-10, pl. 218: figs. 1-7, 2011.
Fig. 54.

L: 156.6-185.0 um; W: 18.0-19.7 um; S: 5-6 in 10 um.

This species is very similar to Eunotia monodon Ehrenberg on
the valve outline. However, E. metamonodon usually presents
populations with higher dimensions (L: 40.0-250.0 pm, W: 10.0-
15.0 um; S: 7-11 in 10 um) than E. monodon (L: 35.0-90.0 um, W:
7.0-15.0 pm; S: 8-12 in 10 um; Patrick & Reimer 1966).

It occurred in 36% of all samples from subfossil assemblages
during past oligotrophic conditions. First report for the state of
Sao Paulo.

Eunotia monodon Ehrenberg, Abhandlungen der Koniglichen
Akademie der Wissenschaften zu Berlin, p. 414, pl. 2, fig. 7,
1841 (1843).
Fig. 55.
L: 76.0-88.0 um; W: 7.0-8.0 pm; S: 10-11 in 10 um.
Reported in oligotrophic (van Dam et al. 1994) and hypereu-
trophic waters (Faria et al. 2010). This species was exclusively dis-
tributed in 36% of all samples from subfossil assemblages during
past oligotrophic conditions.

*Funotia cf. paludosa Grunow, Verhandlungen der kaiserlich-
koniglichen zoologisch-botanischen Gesellschaft in Wien 12, p.
368, pl. 7, 1862.

Figs. 65-66.

Valves weakly arched; ventral margins slightly concave; dorsal
margins convex; ends weakly protracted and dorsally reflexed;
terminal nodules close to the poles; terminal raphe fissure short. L:
26.9-32.5 pm; W: 2.5-3.6 pm; S: 16-17 in 10 um.

Eunotia paludosa presents higher striac density (E: 18-25 in
10 um) and more protracted ends (Lange-Bertalot et al. 2011) than
the individuals observed in this study. According to these authors,
this is an acidophilic species. It was reported in 7% of samples of
subfossil assemblages during past oligotrophic conditions. First
report for the state of Sao Paulo.

Eunotia pseudosudetica Metzeltin, Lange-Bertalot & Garcia-Rodri-
guez, Iconographia Diatomologica 15, p. 57, pl. 24, fig. 15-18, 2005.
Figs. 58-60.

L: 33.1-45.3 pm; W: 5.6-6.8 pm; S: 10-11 in 10 pm.

The taxon was reported by Faria et al. (2010) in a
hypereutrophic reservoir. In this study, it is well distributed,
occurring in 71% of modern assemblages in samples ranging from
meso to supereutrophic conditions.

*Eunotia rabenhorstiana (Grunow) Hustedt var. rabenhorstiana
Siipwasser-Diatomeen aus dem Albert National Park in Belgisch-
Kongo, p.72, 1949.
Fig. 61.

L: 86.1-127.5 pm; W: 5.5-5.8 um; S: 15-23 in 10 um.

The species occurred in 33% of all samples and only during past
oligotrophic conditions. First report for the state of Sao Paulo.

* Eunotia rabenhorstii var. triodon Cleve & Grunow, Synopsis des
Diatomées de Belgique, pl. 35, fig. 12A, 1881.
Fig. 64.

L: 20.0-34.2 um; W: 5.5-7.9 um; S: 12-13 in 10 pm.

This variety occurs in 17% of all samples from past oligotrophic
conditions. First report for the state of Sao Paulo.

*Eunotia superbidens Lange-Bertalot, Diatoms of Europe 6, p. 229,
pl. 81: figs. 1-10, pl. 82: figs. 1-6, 2011.
Fig. 56-57.

http://dx.doi.org/10.1590/1676-0611-BN-2015-0129
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L: 57.0-67.0 um; W: 11.0-11.7 pm at the swellings, 6.5-10.0 yum  Fig. 67.
L: 29.6-34.6 um; W: 5.8-7.5 um; S: 13-18 in 10 um.

at the apices; S: 9-11 in 10 um.
It was reported in 41% of all samples for subfossil assemblages The species was found in 9% of the samples for the subfossil
in past oligotrophic conditions. First report for the state of Sio  assemblages during past oligotrophic conditions. However, Faria
et al. (2010) reported this taxon in a hypereutrophic reservoir. First

Paulo.

*Funotia tridentula Ehrenberg, Abhandlungen der Koniglichen report for the state of Sao Paulo.

Akademie der Wissenschaften zu Berlin, p. 414, pl.2: fig. 14, 1841  *Eunotia trigibba Hustedt, Atlas de Diatomaceen-kunde, pl. 286,
fig. 16-18, 1913.

(1843).
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Figures 52-67. Modern and subfossil diatom flora of Guarapiranga Reservoir. Brazil. 52. Eunotia desmogonioides. 53. Eunotia elephas. 54. Eunotia

metamonodon. 55. Eunotia monodon. 56-57. Eunotia superbidens. 58-60. Eunotia pseudosudetica. 61. Eunotia rabenhorstiana var. rabenhorstiana.

62-63. Eunotia rabenhorstii var. monodon. 64. Eunotia rabenhorstii var. triodon. 65-66. Eunotia cf. paludosa. 671. Eunotia tridentula. Scale bars: 10 pm.
http://www.scielo.br/bn
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Figs. 68-69.

L: 41.3-46.8 pm; W: 11.0-13.1 pum; S: 8-9 in 10 pm.

It was reported in 11% of samples for the subfossil assemblages
in past oligotrophic conditions. First report for the state of Sao
Paulo.

*Eunotia tukanorum Wetzel & D. Bicudo, Nova Hedwigia 91(1-2),
p- 58, pls. 173-234 and 253, 2010.
Figs. 71-73.

L: 11.3-28.0 um; W: 2.0-2.6 um; S: 18-21 in 10 pym.

79

Eunotia tukanorum is a planktonic species proposed by Wetzel
et al. (2010) for Negro River (North Brazil), whose waters are
generally oligotrophic and characterized by the presence of humic
acids due to decomposition of flooded vegetation during the rainy
season. In other regions of Brazil, the species has been reported as
E. asterionelloides Hustedt in the plankton of oligotrophic and
slightly acidic rivers (Laux & Torgan 2011), and in plankton and
periphyton of a pond in the South region (Bicca et al. 2011).

In this study, the species was reported in subfossil assemblages in
oligotrophic condition, period characterized by flooded vegetation

il

f

LI

Il

Figures 68-83. Modern and subfossil diatom flora of Guarapiranga Reservoir. Brazil. 68-69. Eunotia trigibba. 70. Eunotia zygodon. 71-73. Eunotia
tukanorum. 74-76. Eunotia sp.1. 77-79. Eunotia valida. 80-81. Eunotia sp. 2. 82-83. Eunotia sp. 3. Scale bars: 10 pm.
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during the reservoir construction. Fontana et al. (2014) registered
dominance of E. tukanorum during this phase along with the high
increase in water discharge associated with the initial use of the
reservoir as a public water supply. It was also reported for modern
assemblages in mesotrophic conditions. This is a common species in
the study area, occurring in 56% of all samples. So far, the
occurrence of this species is restricted to tropical and subtropical
regions and seems to be mainly associated with oligotrophic and
slightly acidic environments. Although the species was cited in
Fontana et al. (2014), this is the first taxonomical register for the
state of Sao Paulo.

*Eunotia valida Hustedt, Die Stisswasser-Flora Mitteleuropas. Heft.
10, 2, p. 178, pl. 229, 1930.
Figs. 77-79.

L: 64.0-92.5 um; W: 5.0-6.0 um; S: 12-13 in 10 um.

This is a frequent species in Holarctic regions, occasionally
occurring in paleo and neotropical regions, and in oligotrophic to
dystrophic waters with moderately low pH and conductivity
(Lange-Bertalot et al. 2011). Indeed, this species occurred in 36%
of all samples in subfossil assemblages during past oligothrophic
conditions and associated with other acidophilic Eunotia species.
This is the species first report in the state of Sao Paulo.

Eunotia sp. 1
Figs. 74-76.

Valves slightly arched, ventral margins straight to slightly
concave, dorsal margins convex; rounded valve ends, sometimes
deflected to the ventral margin; striac parallel; terminal nodule
conspicuous and close the poles. L: 13.7-14.6 pm; W: 2.5-3.4 um; S:
13-15in 10 um.

This taxon resembles two species. However, Eunotia rhomboi-
dea Hustedt often presents heteropolar valves, higher striae density
(16-18 in 10 pm) and rhomboid frustules in girdle view (Furey 2011,
Furey et al. 2011), and E. botuliformis Wild, Norpel & Lange-
Bertalot presents less conspicuous ventral polar nodules, slightly
heteropolar valves and higher striae density (15-19 in 10 um; Lange-
Bertalot 1993; Silva & Bicudo 2014). The identification of this
taxon depends on further populational studies.

It was distributed in 36% of all samples mainly in subfossil
assemblages from oligotrophic conditions, but also in recent
mesotrophic conditions.

Eunotia sp. 2
Figs. 80-81.

Ventral margin of valves concave, dorsal margin convex; valve
ends slightly protracted; striac parallel, slightly spaced; terminal
nodule moderately distant from poles. L: 123.0-174.3 um; W: 11.4-
15.0 um; MS: 10-12 in 10 pm; AS: 14-15 in 10 um.

This taxon resembles Eunotia indica Grunow in valve outline.
However, this species presents a soft inflation in the middle and
ends broadly protracted, mostly becoming obliquely wedge-shaped.
Furthermore, E. indica presents smaller populations (L: 38.0-100.0
pm; W: 8.8-11.0 pm; Lange-Bertalot et al. 2011). The taxon was
reported in 27% of samples in subfossil assemblages during past
oligotrophic conditions with other acidophilic Eunotia species. It is
probably a new species and needs further study.

Eunotia sp. 3
Figs. 82-83.

Valves slightly arched, dorsal margin convex, ventral margin
slightly concave; valve ends rounded to rounded-rostrate; terminal
nodule close to apices; striae transapical, parallel throughout valve.

L: 135.7-155.0 pm; W: 13.0-13.5 pm; S: 7-8 in 10 um.

http://dx.doi.org/10.1590/1676-0611-BN-2015-0129

This taxon resembles Eunotia longicollis Metzeltin & Lange-
Bertalot in valve shape. However, E. longicollis presents terminal
nodule moderately distant from poles and populations with smaller
individuals, ranging from 60.0-80.0 um long, 7.0-7.7 pm width and
8-11 striae in 10 um (Metzeltin & Lange-Bertalot 1998). It is
probably a new species and needs further study.

The taxon was reported in 36% of all samples in subfossil
assemblages in past oligotrophic conditions.

Cymbellaceae Greville

Encyonema Kiitzing
Encyonema minutum (Hilse) Mann, The Diatoms: Biology and
morphology of the genera, p. 667, 1990.

Figs. 88-89.

L: 16.9-18.6 pm; W: 5.3-6.6 pm; S: 9-12 in 10 pm.

This species is reported in oligo- to mesotrophic conditions
(van Dam et al. 1994, Hofmann 1994). However, in this study it
occurred in 14% of samples of modern assemblages and in
eutrophic condition.

Gomphonemataceae Kiitzing
Gomphonema Ehrenberg
Gomphonema brasiliense Grunow, Naturwissen Beitrage zur
Kenntnis der Kaukasusldnder, p. 110, pl. 3-4, 1878.
Figs. 92-93.
L: 23.1-27.3 um; W: 6.8-7.3 um; S: 11-12 in 10 pm.
Eutrophic species (van Dam et al. 1994), currently found in
14% of all samples in recent mesotrophic conditions.

*Gomphonema curvipedatum Kobayasi ex Osada, Atlas of
Japanese diatoms based on electron microscopy 1, p. 10, pl.
122, fig. 1-13, 2006.

Figs. 94-96.

L: 25.6-34.6 pm; W: 4.4-6.0 um; S: 14-16 in 10 pm.

This species was previously cited for Brazil and identified as
Gomphonema sp. 1 by Silva et al. (2010) and Bertolli et al. (2010). It
is characterized by the presence of cuneate and slightly curved
apexes, unlike Gomphonema hawaiiense Reichardt, whose apexes are
attenuated. The examined population is in agreement with
Kobayasi et al. (2006). Ecological information is not available in
the literature. Currently, it was found in 14% of all samples in recent
mesotrophic conditions. It is the first report for the the state of Sao
Paulo.

Gomphonema gracile Ehrenberg, Die Infusionsthierchen als vollk-
ommene Organismen, p. 217, pl. 18, fig. 3, 1838.
Figs. 97-98.
L: 43.7-54.6 pym; W: 6.6-8.6 um; S: 11-14 in 10 pm.
Distributed in mesotrophic to eutrophic waters (van Dam et al.
1994, Hofmann 1994). In this study it occurred in only 3% of all
samples from subfossil assemblages in oligo to eutrophic conditions.

Gomphonema lagenula Kiitzing, Die Kieselschaligen Bacillarien oder
Diatomeen, p. 85, pl. 30, fig. 60, 1844.
Figs. 90-91.

L: 16.2-23.2 um; W: 5.6-6.0 um; S: 14-16 in 10 um.

Present in oligotrophic waters (van Dam et al. 1994). Our
findings expand its range distribution, from oligo to eutrophic
conditions. It occurred in 27% of all samples for subfossil and
modern assemblages.

*Gomphonema neoapiculatum Lange-Bertalot, Reichardt & Metzel-
tin, Iconographia Diatomologica 5, p. 120, pl. 157, figs. 6-9, 1998.
Figs. 101-102.
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Figures 84-111. Modern and subfossil diatom flora of Guarapiranga Reservoir. Brazil. 84-85. Cymbopleura naviculiformis. 86-87. Encyonema
silesiacum. 88-89. Encyonema minutum. 90-91. Gomphonema lagenula. 92-93. Gomphonema brasiliense. 94-96. Gomphonema curvipedatum. 97-98.
Gomphonema gracile. 99-100. Gomphonema laticollum. 101-102. Gomphonema neoapiculatum. 103-105. Achnanthidium catenatum valve view. 106.
Achnanthidium catenatum lateral view. 107-109. Achnanthidium minutissimum. 110. Cocconeis placentula var. lineata. raphe valves. 111. Cocconeis

placentula var. lineata rapheless valves. Scale bars: 10 pm.

L: 44.4-51.2 pm; W: 7.5-8.0 pm; S: 9-13 in 10 pm.

According to Metzeltin & Lange-Bertalot (1998) Gomphonema
neoapiculatum has apiculate ends while Gomphonema apicatum
Ehrenberg presents rounded-cuneate to slightly apiculate ends.

This species was mistakenly reported as Gomphonema apicatum
by Faria et al. (2010) in a hypereutrophic reservoir in the State of
Parana. In this study, it occurred in 14% of all samples in
contemporary eutrophic conditions. Therefore, this is first record in

http://www.scielo.br/bn

Brazil with the correct name and the first citation for the State of
Sao Paulo.

Cocconeidaceae Kiitzing
Cocconeis Ehrenberg
Cocconeis placentula var. lineata (Ehrenberg) Van Heurck,
Synopsis des Diatomées de Belgique, p. 133, 1885.
Fig. 110 raphe valves, Fig. 111 rapheless valves.

http://dx.doi.org/10.1590/1676-0611-BN-2015-0129
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129 132

Figures 112-136. Modern and subfossil diatom flora of Guarapiranga Reservoir. Brazil. 112-113. Diadesmis confervacea. 114-115. Luticola
acidoclinata. 116. Luticola hustedtii. 117-118. Luticola isabelae. 119-120. Luticola simplex. 121-123. Brachysira brebissonii. 124-126. Brachysira
microcephala. 127-128. Frustulia saxonica. 129. Brachysira serians var. acuta. 130. Sellaphora capitata. 131. Sellaphora ventraloconfusa. 132.
Sellaphora rectangularis. 133-135. Pinnularia brauniana. 136. Pinnularia borealis. Scale bars: 10 um.

L: 20.6 -30.6 pm; W: 14.0-18.0 um; S: 18-19 in 10 um in
the raphe valve, 26-28 in the rapheless valve; A: 20-22 in 10
pm in the raphe valve, 14-16 in 10 pm pm in the rapheless
valve.

Ehrenberg (1843) first described the species Cocconeis lineata.
Subsequently, based on the similarity between C. placentula
Ehrenberg var. placentula and C. lineata, Van Heurck (1885)
proposed the combination C. placentula var. lineata (Ehrenberg)

http://dx.doi.org/10.1590/1676-0611-BN-2015-0129

van Heurck. Recently, Romero & Jahn (2013) analyzed
Ehrenberg’s type-material (1843) and complementary culture
samples, and concluded that the morphometric differences in valves
support the recognition of C. lineata. However, according to
Potapova & Spaulding (2013) further studies are necessary to
determine whether and how individual species within C. placentula
sensu lato may be distinguished using morphological characters.
Therefore, we followed AlgaBase (Guiry in Guiry & Guiry 2016).

http://www.scielo.br/bn
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Figures 137-164. Modern and subfossil diatom flora of Guarapiranga Reservoir. Brazil. 137. Pinnularia divergens var. mesoleptiformis. 138-139.
Pinnularia subgibba var. lanceolata. 140-141. Pinnularia subanglica. 142. Pinnularia sp. 1. 143-144. Navicula notha. 145-146. Chamaepinnularia
submuscicula. 147-148. Eolimna minima. 149. Capartograma crucicula. 150. Hippodonta avittata. 151. Diploneis ovalis. 152. Diploneis subovalis. 153.

Gyrosigma acuminatum. 154. Stauroneis acidoclinata. 155. Nitzschia gracilis. 156. Nitzschia terrestris. 157-158. Nitzschia fruticosa. 159-160.
Nitzschia amphibia. 161-162. Amphora copulata. 163-164. Nitzschia palea var. debilis. Scale bars: 10 um.

This taxon is widely reported in Brazilian literature (as
C. placentula var. lineata), suggesting it is a cosmopolitan species.
It is common in eutrophic environments (Hofmann 1994, van Dam  Achnanthidium catenatum (Bily & Marvan) Lange-Bertlot,
et al. 1994). In this study, it occurred in 21% of all samples including ~ Iconographia Diatomologica 6, p. 277, 1999.
past oligotrophic condition and modern meso to eutrophic  Fig. 103-105 valve view. Fig. 106 lateral view.
conditions, suggesting a broader trophic spectrum distribution. L: 14.4-20.0 pm; W: 3.2-3.7 um; inconspicuous striae.

Achnanthidiaceae Mann
Achnanthidium Kiitzing

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2015-0129
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Achnanthidium catenatum is very similar to Achnanthidium
minutissimum Kiitzing on valve view, but easily recognized
in girdle view due to the "C" shaped-valves. Furthermore,
A. catenatum presents a widened central portion resulting in an
undulated valve margin (Hlubikova et al. 2011). Bicudo et al.
(2009) first registered this species in the state of Sdo Paulo.
However, this species was probably previously misidentified as
A. minutitimum. Achnanthidium catenatum is an indicator of
organic pollution (Berthon et al. 2011). In a paleoreconstruc-
tion of eutrophication of a Brazilian reservoir, this species
highlighted the onset of a marked eutrophication phase (Costa-
Boddeker et al. 2012). In the present study, it was very frequent
occurring in 71% of all samples from oligo to eutrophic
conditions for subfossil and modern assemblages. Acording to
Fontana et al. (2014), this species achived higher abundances
during the major cultural eutrophication phase of Guarapir-
anga Reservoir. Overall, this species is probably an indicator of
an environmental shift particularly associated with the
eutrophication process.

Diadesmidaceae Mann

Diadesmis Kiitzing
Diadesmis confervacea Kiitzing, Bacillarien oder Diatomeen, p.
109, pl. 30, fig. 8, 1844.
Figs. 112-113.

C: 15.0-18.0 pm; L: 6.0-6.6 um; S: 22-29 in 10 pm.

Registered in eutrophic waters (van Dam et al. 1994). Presently,
this species had broader distribution from recent mesotrophic to
supereutrophic conditions, occurring in 43% of all samples.

Luticola Mann
* Luticola acidoclinata Lange-Bertalot, Iconographia Diatomologica
2, p. 76, pl. 24; figs. 24-26, pl. 104, figs. 10-16, 1996.

Figs. 114-115.

L: 10.3-12.0 um; W: 6.0-6.6 um; S: 19-23 in 10 pm; central area
surrounded by 4 areolae.

Levkov et al. (2013) provided a thorough discussion of this
species’ taxonomical problem. The authors considered L. intermedia
(Hustedt) Levkov, Metzeltin & Pavlov the most similar species to L.
acidoclinata and pointed out some subtle differences. In L.
acidoclinata, the striae has a coarser appearance (8-22 striae in
10 pum), central area is surrounded by 3-4 areolae with strongly
shortened central striae. L. intermedia presents 22-24 striae in
10 um, and central area bordered with 5 areolae. In addition, L.
acidoclinata inhabits oligotrophic, slightly acidic and cold habitats
in temperate zones, while L. intermedia occurs in rich waters
in tropical/subtropical regions. Presently rare and only registered
in 1% of all samples for subfossil assemblages from oligo to
mesotrophic conditions. This is the first citation for the state of Sao
Paulo.

*Luticola hustedtii Levkov, Metzeltin & Pavlov, Diatoms of Europe
7, p- 131, pl. 24, fig. 49, pl. 166, fig. 24-37, pl. 168, fig. 7-26, pl. 170,
fig. 1-7, 2013.

Fig. 116.

L: 194 pm; W: 6.8 um; S: 23 in 10 um.

This species might be misidentified as Luticola lagerheimii
(Cleve) Mann, since both species have rombic valves expanded in
the middle. However, both are easily distinct in their valve size,
shape of the central area, position of the stigma and the shape of
the areolae (Levkov et al. 2013). The latter authors reported its
distribution in several localities from Brazil, Indonesia, Congo,

http://dx.doi.org/10.1590/1676-0611-BN-2015-0129

Tanzania, New Caledonia and Yowa (USA) (Levkov et al. 2013).
Presently it was found in only 1% of all samples during past
oligotrophic conditions. This is the first citation for the state of
Sao Paulo.

*Luticola isabelae Metzeltin & Levkov, Diatoms of Europe 7, p.
140, pl. 106, fig. 6, pl. 108, fig. 1-21, pl. 109, fig. 1-20, 2013.
Figs.117-118.

L: 13.3-28.7 pm; W: 6.6-10.0 um; S: 21-24 in 10 pum.

This species resembles Luticola muticoides (Hustedt) Mann,
however the second species has linear-eliptic valves with finaly
punctate and higher striae density (26-30 in 10 pm, Levkov et al.
2013). No ecological information was found. It is a common
species occurring in 41% of all samples only in subfossil
assemblages in past oligotrophic conditions. This is the first
citation for the state of Sdo Paulo.

*Luticola simplex Metzeltin, Lange-Bertalot & Garcia-Rodriguez,
Iconographia Diatomologica 15, p. 117, pl. 87, fig. 1-9, 2005.
Figs. 119-120.

L: 25.6-26.0 pm; W: 6.8-8.0 um; S: 22-23 in 10 pm.

Luticola simplex occurs in subtropical regions of South
America (Levkov et al. 2013). Ecological information was not
found in literature. This study indicates a broad distribution
range, occurring in 8% of all samples from subfossil assemblages
(oligotrophic period) and modern assemblages (in eutrophic
condition).

Amphipleuraceac Rabenhorst
Frustulia Rabenhorst
Frustulia saxonica Rabenhorst, Die Algen Sachsens, p. 50, pl. 7,
fig. 1, 1853.
Figs. 127-128.
L: 57.5-65.6 um; W: 14.0-14.6 um; inconspicuous striae.
Reported in oligotrophic waters (van Dam et al. 1994).
Presently found in 47% of all samples and for a broader
ecological range, including subfossil assemblages for oligo-
trophic to eutrophic conditions.

Brachysiraceae Mann
Brachysira Kiitzing
Brachysira brebissonii Ross, Journal of the Marine Biological
Association of the United Kingdom 66(3), p. 607, 1986.
Figs. 121-123.
L: 18.0-24.6 um; W: 5.3-6.2 um; S: 22-24 in 10 pm.
Distributed in oligotrophic waters (van Dam et al. 1994,
Hofmann 1994). Presently found in 21% of all samples in
modern mesotrophic condition.

Brachysira microcephala (Grunow) Compére, Bulletin du
Jardin Botanique National de Belgique, p. 26, fig. 94, 1986.
Figs. 124-126.

L: 23.7-28.6 um; W: 4.0-5.0 pm; inconspicuous striae.

According to Wolfe & Kling (2001), this species was
traditionally named Anomoeoneis vitrea (before the resurrec-
tion of Brachysira). However, a detailed study by Compeére, in
1988, showed that Navicula microcephala is the earliest
available basionym for the diatom equivalent to A. vitrea,
and thus the correct name within Brachysira is B. microcephala.
Furthermore, Lange-Bertalot & Moser (1994) did not consider
Compere’s observations of the lectotype for B. microcephala
and published another name for the same diatom: B. neoexilis

http://www.scielo.br/bn
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(Wolfe & Kling 2001). Therefore, B. microcephala was
registered in Brazil as Brachysira vitrea in the state of Parana
(Tavares & Valente-Moreira 2000; Ludwig et al. 2005) and as
B. neoexilis in the state of Sdo Paulo (Silva & Bicudo 2014).
Brachysira microcephala is a highly polymorphic (ranging
from lanceolate to capitate forms) and cosmopolitan diatom
distributed in clean and circumneutral to slightly acidic waters
(Denys & Straaten 1992, Wolfe & Kling 2001). It is commonly
found in periphyton and metaphyton worldwide (Czarnecki et
al. 1995, Potapova & Charles 2003, Ibarra et al. 2009), and in
pristine environments in paleolimnological studies (Grenier et
al. 2006). In the present study it occurred in 42% of all samples,
including subfossil (oligotrophic conditions) and modern
assemblages (mesotrophic to eutrophic conditions).

*Brachysira serians var. acuta (Hustedt) Vyverman, Bibliotheca
Diatomologica 22, p. 49, pl. 36, figs. 3 a-d, pl. 132, fig D, 1991.
Fig. 129.

L: 57.5 pm; W: 12.5 pm; S: 25 in 10 pm.

It differs from the typical variety due to the end shapes,
more acute in B. serians var. acuta. Registered in oligotrophic
waters by Rodrigues (1984). In this study, var. acuta occurred
in 30% of all samples for subfossil assemblages in past
eutrophic conditions. This is the variety’s first report for the
state of Sdo Paulo.

Sellaphoraceae Mereschkowsky
Sellaphora Mereschkowsky
*Sellaphora capitata Mann & McDonald, Phycologia 43(4), p.
477, figs 4j-1, figs 38-42, 2004.
Fig. 130.

L:12.3-27.8 um; W: 5.2-6.6 um; S: 18-22 in 10 um; central
area: 45-55% of the valve width.

Sellaphora capitata differs from S. pupula (Kiitzing)
Mereschkowsky by presenting subcapitated ends, sinuous
raphe, lower striae density (16-22 in 10 um) that are strongly
radiated across the valve surface (Mann et al. 2004). This is
a poorly known species in Brazil, and was probably only
recorded for the southern region of Brazil by Santos et al.
(2011). No ecological information is available. It presently
occurred in 21% of all samples in modern assemblages from
mesotrophic to eutrophic conditions. This is the species’ first
citation for the state of Sdo Paulo.

*Sellaphora rectangularis (Gregory) Lange-Bertalot & Metzel-
tin, Iconographia Diatomologica 2, p. 102, pl. 25, figs. 10-12,
pl. 125, fig. 7, 1996.

Fig. 132.

L:47.0 um; W: 10.6 um; S: 17 in 10 pm; central area: 71% of
the valve width.

Sellaphora rectangularis belongs to the group ‘pupula’ (Mann
et al. 2008), but differs from S. pupula (Kiitzing) Mereschkovsky
by presenting linear elliptical valves, with broadly rounded poles,
and parallel valve edge or slightly convex. Can be confused with
Sellaphora laevissima (Kiitzing) Mann, however this has grooves
enclosing the raphe system and polar bars absent.

Reported in mesotrophic waters (van Dam et al. 1994). In
Brazil this taxon was recorded for the Central-Western (Delgado
& Souza 2007) and Southern regions (Santos et al. 2011). In our
data, it was a common species occurring in 44% of all samples in
subfossil assemblages during past oligotrophic conditions. This is
the species’ first citation for the state of Sdo Paulo.

http://www.scielo.br/bn

*Sellaphora ventraloconfusa (Lange-Bertalot) Metzeltin & Lange-
Bertalot, Iconographia Diatomologica 5, p. 212, 1998.
Fig. 131.

L: 16.1-19.4 pm; W: 5.6-5.8 pum; inconspicuous estriae;
central area: 71% of the valve width.

The species has probably only been cited by Santos et al.
(2011) for the Southern region of Brazil. Ecological information
is not available in literature. In the present study, it was
registered in 14% of all samples in recent mesotrophic conditions.
This is the species’ first report for the state of Sao Paulo.

Pinnulariaceae Mann

Pinnularia Ehrenberg
*Pinnularia brauniana (Grunow) Mills, Index of Genera and
species of Diatomaceae and their synonyms, p. 1273, 1934.
Figs 133-135.

L: 31.2-36.6 pm; W: 6.5-7.3 um; S: 10-13 in 10 pum.

Reported in oligotrophic waters (van Dam et al. 1994). In
this study, it was registered in 14% of all samples in recent
mesotrophic to eutrophic conditions. This is the species’ first
register for the state of Sdo Paulo.

Pinnularia borealis Ehrenberg, Abhandlungen der Koniglichen
Akademie der Wissenschaften zu Berlin, p. 420 (132), pl. %, fig.
6, pl. 4/1, fig. 5, 1843.
Fig. 136.
L:27.5-29.9 pm; W: 7.5-8.0 um; S: 6-7 in 10 pm.
Registered in oligo-mesotrophic waters (Hofmann 1994,
van Dam et al. 1994). Presently distributed in 7% of all samples
in past oligotrophic phase of the reservoir.

Pinnularia divergens Smith var. mesoleptiformis Krammer
& Metzeltin, Iconographia Diatomologica 5, p. 170, pl. 173,
fig. 1-4, 1998.
Fig. 137.

L: 70.6-74.0 pm; W: 11.3-12.0 pm; S: 9-11 in 10 pm.

Pinnularia divergens var. mesoleptiformis differs from the
type variety in presenting valves with more pronounced
undulations, more linear and subcapitated ends (Frenguelli
1933, Metzeltin & Lange-Bertalot 1998). This variety is poorly
known in Brazil, and was only registered in Southern region by
Rocha & Bicudo (2008). No ecological information was
available. It was rare and occurred in only 1% of all samples
in subfossil assemblages in past oligotrophic conditions.

Pinnularia subanglica Krammer, Diatoms of Europe 1, p. 108,
223, pl. 78, fig. 7; pl. 84, fig. 107, 2000.
Figs. 140-141.
L: 53.3-56.6 pm; W: 5.3-8.6 um; S: 9-11 in 10 pm.
According to Krammer (2000), this is a benthonic species,
with preference for highly oxygenated waters. This species was
found in Brazilian planktonic samples (Rocha & Bicudo 2008).
It occurred in 20% of all samples for subfossil assemblages in
past oligotrophic conditions.

Pinnularia subgibba Krammer var. lanceolata Gaiser & Johan-
ser, Diatom Research 15(1), p. 117, fig. 90-91, 2000.
Figs. 138-139.
L: 37.5-40.6 pm; W: 7.2-8.1 pm; S: 11-13 in 10 pum.
Pinnularia subgibba var. lanceolata belongs to the P. gibba
Ehrenberg and P. gibbiformis Krammer complexes, differing
from the first by not having capitated ends and, from the
second, by having larger length/width ratio and central area

http://dx.doi.org/10.1590/1676-0611-BN-2015-0129
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with fascia (Gaiser & Johansen 2000). Rocha & Bicudo (2008)
registered this taxon in the plankton, metaphyton and
periphyton in Sao Paulo, but ecological information was
unavailable. In the present study, the taxon was rare, and
occurred in 1% of all samples of subfossil assemblages in the
past oligotrophic conditions of the reservoir.

Pinnularia sp. 1
Fig. 142.

Valves eliptic-lanceolate; margin straight to slightly convex;
axial area asymmetric; central area asymmetric, proximal ends
in hooked shape, deflected to the same side; robust striae,
radiate in the center becoming slight convergent towards the
ends. L: 82.6 pm; W: 10.0 pm; S: 11 in 10 pm.

The taxon resembles Pinnularia toscana Krammer, however
the later has wider valve (17.0-20.0 pm) and bent raphe
(Krammer 2000). It occurred in 21% of all samples for subfossil
assemblages only during past oligotrophic conditions.

Chamaepinnularia Lange-Bertalot & Krammer
**Chamaepinnularia submuscicola (Krasske) Lange-Bertalot,
Bibliotheca Diatomologica 38, p. 27, pl. 3, fig. 1-4, 1998.
Figs. 145-146.

Valves lanceolate; rounded to attenuate-rounded ends;
raphe sternum filiform and narrow; raphe straight; central
area slightly lanceolate; striae radiate throughout the entire
valve. L: 10.0-11.3 pm; W: 2.5-2.8 pum; inconspicuous striae.

It differs from Chamaepinnularia mediocris (Krasske)
Lange-Bertalot because the second species presents slightly
swollen valves in the median portion (Metzeltin & Witkowski
1996). No ecological information was available in literature. In
this study, C. submuscicola was found in 7% of all samples in
recent mesotrophic conditions. This is the first report of species
for Brazil.

Diploneidaceae Mann
Diploneis (Ehrenberg) Cleve
Diploneis ovalis (Hilse) Cleve, Acta Societatia pro Fauna et
Flora Fennica 8(2), p. 44, pl. 2, 1891.
Fig. 151.
L: 21.3 pm; W: 13.1 pm; S: 11 in 10 pm; A: 16 in 10 pm.
Registered in oligotrophic waters (van Dam et al. 1994,
Hofmann 1994). It was sparsely distributed occurring in 1% of
all samples in past oligotrophic conditions.

Diploneis subovalis Cleve, Kongliga Svenska Vetenskapsa-
kademiens Handlingar, Series 4 26(2), p. 96, pl. 1, fig. 27, 1894.
Fig. 152.

L: 27.5 pm; W: 15.5 pm; S: 11 in 10 um; 16 in 10 pm.

No ecological information was found. It was rare,
occurring in 1% of all samples in past oligotrophic conditions.

Naviculaceae Kiitzing

Navicula Bory
Navicula notha Wallace, Notulae Naturae Bacillarien order
Diatomeen, p. 4, pl. 1, figs. 4A-D, 1960.
Figs. 143-144.

L: 26.9-43.3 pm; W: 5.0-7.3 um; S: 14-17 in 10 pm.

Distributed in oligotrophic to mesotrophic waters (van
Dam et al. 1994). In this study, it occurred in 33% of all
samples in all trophic state gradients in subfossil and modern
assemblages.

Eolimna Lange-Bertalot & Schiller

http://dx.doi.org/10.1590/1676-0611-BN-2015-0129

Eolimna minima (Grunow in Van Heurck) Lange-Bertalot &
Schiller, Bibliotheca Diatomologica 38, p. 153, 1998.
Figs. 147-148.
L: 8.6-10.6 pm; W: 3.4-4.0 pm; inconspicuous striae.
Eutrophic to tolerant species (van Dam et al. 1994, Hofmann
1994). The species was found in 43% of all samples of modern
assemblages from mesotrophic to eutrophic conditions.

Hippodonta Lange-Bertalot, Witkowski & Metzeltin
*Hippodonta avittata (Cholnoky) Lange-Bertalot, Metzeltin &
Witkowski, Iconographia Diatomologica 4, p. 253, pl. 1, figs. 30-
34, 1996.

Fig. 150.

L: 17.6-20.3 pm; W: 5.0-5.3 pm; S: 10-12 in 10 pm.

Species reported in mesotrophic to eutrophic waters (van
Dam et al. 1994). It was found in 14% of all samples of modern
assemblages in mesotrophic conditions. This is the species’ first
citation for the state of Sdo Paulo.

Pleurosigmataceae

Gyrosigma Hassall
*Gyrosigma acuminatum (Kiitzing) Rabenhorst, Die Siisswas-
ser-Diatomaceen (Bacillarien.): fiir Freunde der Mikroskopie,
p- 47, pl. 5, fig. Sa, 1853.
Fig. 153.

L: 82.8 um; W: 10.7 um; inconspicuous striae.

Reported in eutrophic waters (Luchini & Verona 1972). Our
data expanded its distribution for oligotrophic conditions. It was
found in 7% of all samples in past oligotrophic phase of the
reservoir. Although cited in ecological studies, this is the species’
first taxonomical citation for the state of Sdo Paulo.

Stauroneidaceac Mann

Stauroneis Ehrenberg
**Stauroneis acidoclinata Lange-Bertalot & Werum, Iconogra-
phia Diatomologica 13, p. 173, pl. 42, figs. 1-12, 2004.

Fig. 154.

Valves linear-lanceolate; subcapitate ends; proximal ends of
the raphe slightly curved to the same side; axial area linear;
central broad area with stauros slightly larger near valve
margin; striae radiate and absent in the stauro. L: 69.8-73.8 pm;
W: 12.0-12.3 pm; S: 19-20 in 10 pm; A: 23-25 in 10 pm.

The studied population presented larger valves dimensions
and lower striae density than proposed in Werun & Lange-
Bertalot (2004; L: 35-60 pm; W: 8.5-10.5 pm, 25-30 striae in
10 um). According to these authors, S. acidoclinata was found in
a fountain in Germany with low conductivity water, associated
with acidophilic Eunotia species. Further ecological information
was not found. In this study, the species also occurred with other
abundant Eunotia species and in 24% of all samples during past
oligotrophic phase of the reservoir. First citation for Brazil.

Bacillariaceae Ehrenberg
Nitzschia Hassall
Nitzschia amphibia Grunow, Verhandlungen der kaiserlich-
koniglichen zoologisch-botanischen Gesellschaft in Wien 12, p.
574, pl. 12, fig. 23, 1862.
Figs. 159-160.
L: 17.3-28.0 um; W: 4.4-6.0 pm; S: 15-16; F: 9-10 in 10 pm.
Considered a eutrophic species (van Dam et al. 1994). Our
data reported the species in 25% of all samples of modern
assemblages from mesotrophic to super-eutrophic conditions.

http://www.scielo.br/bn
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*Nitzschia fiuticosa Hustedt, Die Diatomeenflora des Flulsystems
der Weser im Gebiet der Hansestadt Bremen 34(3), 349, pl. 1, 1957.
Figs. 157-158.

L: 40.3-44.0 um; W: 1.9-2.2 pm; inconspicuous striae; F: 15-17
in 10 um.

Nitzschia fruticosa Hustedt is characterized by the presence of
stellate colonies. Although no colonies were found in sediment
samples, further analyses of planktonic materials showed typical
stellate colonies, allowing its identification.

Nitzschia fruticosa was registered in Brazil for planktonic
samples in pond and rivers in southern Brazil (Moro &
Firstenberger 1993, Laux & Torgan 2011). No ecological informa-
tion was available in literature. In the present study, the species was
reported in 59% of all samples for subfossil assemblages in a broad
environmental range from past oligotrophic to eutrophic conditions,
although mainly in the eutrophic phase. This is the first taxonomical
report of the species in the state of Sao Paulo.

Nitzschia gracilis Hantzsch ex Rabenhorst, Hedwigia 2, p. 40, pl. 6,
fig. 8, 1860.
Fig. 155.

L: 51.2-52.2 pm; W: 2.8-3.4 um; inconspicuous striae; F: 9-11 in
10 pm.

Total taxa number

Distributed in mesotrophic to eutrophic waters (van Dam et al.
1994). It occurred in modern assemblages in 36% of all samples from
eutrophic to super-eutrophic conditions.

Nitzschia palea var. debilis (Kutzing) Grunow, Beitrdge zur
Kenntniss der Arctischen Diatomeen. Kongliga Svenska-Vetenskaps
Akademiens Handlingar 17(2), p. 96, 1880.
Figs. 163-164.

L: 22.0-28.4 pm; W: 2.0-2.6 pum; inconspicuous striae; F: 9-11 in
10 um.

No ecological information was found. The species was wide-
spread in modern assemblages, occurring in 93% of all samples in
mesotrophic to supereutrophic conditions.

*Nitzschia terrestris (Petersen) Hustedt, Abhandlungen der Konigli-
chen Akademie der Wissenschaften zu Berlin 8(9), p. 386, 1934.
Fig. 156.

L: 19.0-45.0 pm; W: 4.2-5.0 um; inconspicuous striae; F: 6-10 in
10 pm.

This species is not well known in Brazil, and was registered
in the periphyton by Santos et al. (2011). Ecological information
was not found. Currently, the species occurred in 30% of all samples
in subfossil assemblages in past oligotrophic phase of the reservoir
and in modern assemblages in mesotrophic conditions. Although
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Figure 165. Taxa number per genera in Guarapiranga Reservoir. (A) for both subfossil and modern diatom assemblages; (B) for subfossil diatom
(core sediment) assemblage; (C) for modern diatom assemblage (surface sediment).
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Figure 166. Taxa number according to trophic state gradient
exclusively found in subfossil assemblages, modern assemblages and
in both assemblages.

the species was cited in a paleolimnological study (Costa-Boddeker
et al. 2012), this is the first taxonomical report for the state of
Sao Paulo.

Richness and eutrophication gradient

The subfossil and modern diatom flora of Guarapiranga
comprised 84 infrageneric taxa from which 47.6% were
exclusively from the subfossil assemblages. Funotia was by
far the most represented genus in species number, reaching a
3.5 times greater number than the second ranking genera
Aulacoseira, Gomphonema and Pinnularia (Figure 165A), and
this trend was mostly accounted by the distribution of subfossil
diatoms (Figure 165B). Eunotia was mainly found during the
initial oligotrophic phase of the reservoir (ca. 1919-1932),
characterized by flooded vegetation (Atlantic Forest) for the
reservoir construction. This early phase probably had a well-
illuminated water column, oligotrophic and acidic waters due
to the dissolved humic substances originated from the
decomposition of vegetation (Fontana et al. 2014), favouring
this commonly benthic/periphytic genus usually abundant in
acidic oligotrophic waters (Krammer & Lange-Bertalot 1991,
van Dam et al. 1994, Wetzel et al. 2010, Lange-Bertalot et al.
2011). Differently, modern assemblages presented the species
number more uniformly distributed among the genera (Figure
165C).

Pre-eutrophication Post-eutrophication
(from 1919 to 1947) (from 1974 t0 2010)
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Figure 167. Diatom species richness recorded over 90 years (subfossil
assemblage) and in modern assemblages in surface sediments (colored
horizontal zones) of the Guarapiranga Reservoir. Brackets indicate
past limnological phases. For modern assemblages - A: richness under
contemporary mesotrophic conditions (sites 01 to 05), B: richness in
eutrophic conditions (sites 06 to 11), C: richness in supereutrophic
conditions (site 12), D: richness under eutrophic conditions (sites 13-14).
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Concerning diatom distribution according to trophic state
range (Figure 166), the species number for the oligotrophic
condition was markedly higher in the subfossil assemblages,
where this phase was uniquely represented in Guarapiranga
Reservoir. Furthermore, a decline in the total species number
along the trophic state gradient was observed for subfossil
and modern assemblages (Figure 166). This pattern was even
clearer when considering the changes in species richness
(number of species per sample) over time following trophic
state changes in the reservoir (Figure 167). Thus, during pre-
eutrophication period (up to ca. 1947), richness presented
high values, achieving its highest figure over time and space in
the reservoir history. However, a marked decline occurred
around 1933 associated with physical and hydrological
impacts when started the use of the reservoir as a public
water supply and the water discharge had a seven-fold
increase (Fontana et al. 2014). According to these authors, this
change led to dominance of Eunotia tukanorum, a typical
planktonic species of the genus, and disappearance of benthic
species. During the transitional period with moderate cultural
eutrophication (ca. 1947-1974) richness gradually declined. With
the onset of eutrophication in the 1970s (Fontana et al. 2014) until
1990 there was a drastic decline in richness and the replacement of
oligotrophic to eutrophic species mainly Aulacoseira granulata var.
granulata, Cyclotella meneghiniana and Nitzschia fruticosa (Fon-
tana et al. 2014). The major eutrophication period occurred
particularly after ca. 1990 (Fontana et al. 2014) when an
unexpected increase in richness was observed. During this period,
population rapidly increased in drainage basin with expansion of
slum dwellings without adequate sewage treatment (Whately &
Cunha 2006). Consequently, gastroenteritis infection in local
population became frequent and the agency in charge of the public
water supply started using copper sulphate in 1991 to control
cyanobacterial blooms (Beyruth 2000). The sudden increase in
richness was very probably associated with the control of
cyanobacterial dominance and the abrupt opening of new
resources for other algal assemblages, including diatoms. With
the intensification of urbanization and eutrophication, richness
continued declining over time. Considering the space gradient,
richness in modern assemblages never achieved values correspond-
ing to the oligotrophic phase of subfossil assemblages although
higher values were also achieved in contemporary mesotrophic
conditions of the upstream sites 01 to 05 (Fig. 167A). Towards
downstream richness decreased along the trophic state gradient
(Figs. 167B, C, D).

Overall, the change in richness from oligotrophic to super-
eutrophic phases led to a sharp reduction of the oligotrophic
species, which represented 23% of the total number of diatom
species in the reservoir mainly represented by Eunotia (15 species
and probably 3 new species). Losses in algal biodiversity due
to cultural eutrophication has been scarcely reported in Brazil
(e.g. Crossetti et al. 2008) given the paucity of long-term
monitoring data, and the lack of information before the onset of
eutrophication. In this regard, the statement by Davidson et al.
(2013) that our understanding of the relationship between
anthropogenic impacts and lake biodiversity changes is typically
based on contemporary data sets and space-for-time substitu-
tion holds true for Brazilian ecosystems. Therephore, in many
cases paleolimnological approach can offer a unique tool to
assess biodiversity changes encompassing time scales relevant
to human-induced degradation and since pre-anthropogenic
impacts.
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Final remarks

This survey encompassing subfossil diatom (ca. 90 years)
and modern assemblages in surface sediments along an
eutrophication gradient allowed the following conclusions:

o Overall, 84 infrageneric taxa were reported belonging to 71
species and eight non-typical varieties, besides five identified
only to the genus level. From those, 47.6% were accounted
exclusively for the subfossil assemblages indicating a
significant biodiversity change over time.

e Our results expanded two new additions for Brazilian diatom
flora (Chamaepinnularia submuscicola and Stauroneis acid-
oclinata), 30 infrageneric taxa for the state of Sdo Paulo and
four probable new species.

o Access to past oligotrophic conditions and mesotrophic
regions of Guarapiranga Reservoir allowed a significant
number of new additions to the Brazilian and the state of Sdo
Paulo diatom floras, which accounted for 25% of the total
reservoir flora.

e Human-induced eutrophication led to a sharp decline in the
oligotrophic species number, mainly of Funotia and to a
drastic reduction in species richness mainly since the major
eutrophication period in ca. 1990.

o Abrupt changes in richness were also caused by human
management as the increase in the reservoir’s water discharge
and the application of algaecide to control cyanobacterial
blooms.

e Present findings highlight the need for surveying diatom
assemblages in protected environments or in less degraded
conditions (considering space and time) for biodiversity
assessment, and reinforce the use of paleolimnological
approach in many cases as the only tool to access baseline
conditions of degraded fresh waters (Smol 2008, Gregory-
Eaves & Beisner 2011). These issues are crucial given
freshwater ecosystems have been experiencing far greater
declines in biodiversity than those recorded in terrestrial
ecosystems and constitute a valuable natural resource
(Dundgeon et al. 2006). Furthermore, cultural eutrophica-
tion is considered a common scenario worldwide and one of
the most pervasive environmental issues affecting freshwater
ecosystems (Smol 2008, Davidson & Jeppesen 2013, Cum-
ming et al. 2015).
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