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Background and aims — A commonly occurring Achnanthidium species has been observed in Brazilian
reservoirs. The morphological features were described based on light and scanning electron microscope
observations and it is described here as 4. tropicocatenatum sp. nov.

Methods — The new species was compared with the type material of morphologically similar taxa:
Achnanthidium catenatum and A. minutissimum. Comparisons with the most related species based on
literature were also provided. Traditional weighted-averaging approaches (WA) were applied to model
ecological optima.

Key results — Morphometric analysis of the valve shape supported the taxa separation; they can be easily
differentiated by the morphological and ultrastructural features, including subcapitate to capitate apices,
strongly radiate striae and a prominent axial area. This new species has been found in alkaline waters with
low electrolyte content.

Conclusions — Records of A. catenatum in Brazil are considered questionable because the species may
have been confused with A. tropicocatenatum sp. nov.

Key words — Distribution, ecological optimum, ecology, geometric morphometry, morphology, new

species, taxonomy.

INTRODUCTION

The genus Achnanthidium Kiitz. is a taxonomically diffi-
cult group of monoraphid diatoms (Round & Bukhtiyarova
1996). Despite its representatives being commonly recorded
in worldwide freshwaters, the identification and delimitation
of many taxa are still a challenge, because of both the small
size of their valves, often requiring detailed scanning elec-
tron microscopy (SEM), and the lack of comprehensive de-
scriptions of nomenclatural types and the undescribed vari-
ability of diagnostic features that often overlap (Hlubikova
etal. 2011).

Because of the high diversity in this group and its im-
portance as indicators of water quality (Van de Vijver et al.
2011a, 2011b), Achnanthidium has received considerable at-
tention and, during the last decade, the genus has been the

subject of intense revisions (e.g. Hlubikova et al. 2011, Van
de Vijver et al. 2011a, Wojtal et al. 2011, Novais et al. 2015),
especially taxa belonging to the 4. minutissimum (Kiitz.)
Czarn. complex (Ector 2011). These revisions have also con-
tributed with more detailed information of the geographical
distributions and biogeography of the genus in general.

Nowadays, Achnanthidium comprises more than 200
taxa (Fourtanier & Kociolek 2011) including many species
described from various parts of the world in the last decade
(e.g. Potapova & Ponader 2004, Cantonati & Lange-Bertalot
2006, Potapova 2006, Zidarova et al. 2009) and new spe-
cies have regularly been described (e.g. Wojtal et al. 2010,
Jiittner & Cox 2011, Van de Vijver et al. 2011b, Witkowski et
al. 2012, Peres et al. 2014, Novais et al. 2015, Pinseel et al.
2015, Liu et al. 2016). However, the genus has received rela-
tively little attention in Brazil, where 4. minutissimum and
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Table 1 — Data from sampling sites of Achnanthidium tropicocatenatum, state of Sao Paulo, Brazil, habitat and the material number

at the Herbarium of the Institute of Botany (SP).

Reservoir Herbarium number Habitat Municipality = Main river = Sampling date GPS coordinates
Cachoeira do Franga periphyton o . 23°55'58.8"S
(type material) SP469444 (stones) Juquitiba Juquia 5 Aug. 2014 47°11'31 4"W

, surface . . 23°56'00"S
Jurupara SP469208 sediment Piedade Peixes 25 Jun. 2014 47°20'18.0"W

A. catenatum (J.Bily & Marvan) Lange-Bert. are among the
most commonly recorded species (e.g. Bertolli et al. 2010,
Faria et al. 2010, Faustino et al. 2016). Although these are
widely used names, some misidentifications were observed
and they are discussed in the present work. All these findings
contributed to the generally accepted idea that 4. minutis-
simum and A. catenatum species are globally distributed.
Moreover, it is important to note that a number of records
to the species above are ecological contributions (e.g. Santos
& Ferragut 2013, Burliga et al. 2014, Fonseca et al. 2014)
or publications discussing diatoms used as indicators of en-
vironmental change (e.g. Lobo et al. 2004a, 2004b, Herma-
ny et al. 2006, Molisani et al. 2010, Bere & Tundisi 2011,
Elias et al. 2017). These records emphasize the importance
of accurately defining the identity of these most common
taxa in order to improve the accuracy of the diagnostic tools
that rely on diatom taxonomy and ecology (Wetzel & Ector
2014). Other records of these species can be found in unpub-
lished doctoral dissertations (e.g. Carneiro 2003, Nascimento
2012) or do not show illustrations and/or descriptions (Souza
& Oliveira 2007). Achnanthidium catenatum is considered
to be invasive in Europe (Bily & Marvan 1959, Druart &
Straub 1992, Coste & Ector 2000, Straub 2002, Hlubikova
et al. 2011) and more recently in East China (Ma et al. 2013).

The freshwater diatom flora of Brazil has been shown
to contain many unique species (e.g. Tremarin et al. 2011,
Wengrat et al. 2015, Marquardt et al. 2016). However, at pre-
sent, no new Achnanthidium species have been published.
During a diatom survey in reservoirs of Sdo Paulo State, an
unknown Achnanthidium species morphologically similar to
A. catenatum was found, and it is proposed as a new species
for science: A. tropicocatenatum sp. nov. The morphology is
presented based on light (LM) and scanning electron micros-
copy (SEM) observations. Furthermore, we compared the
new species with the type materials of morphologically simi-
lar species, 4. minutissimum and A. catenatum. Examining
type material has become a valuable tool to solve taxonomic
issues (e.g. Cejudo-Figueiras et al. 2011). We also presented
information based on ecology optima. In this way, apart from
solving the taxonomic issues about the species, it is as well
characterized from an autecological standpoint (e.g. Trobajo
etal. 2013, Morales et al. 2015, Bicudo et al. 2016).

MATERIALS AND METHODS

Study area

The Juruparéd and Cachoeira do Franga reservoirs (CBH-RB
2013) are located in the catchment area of the Ribeira de
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Iguape/Litoral Sul basin which presents high availability of
water in relation to the demand, due to a rich and extensive
drainage network. The area is considered as a Conservation
Unit (PEJU, Portuguese for Jurupara State Park) and widely
covered with native forests. Information about the study area
is summarized in table 1.

The Jurupara reservoir is part of a hydropower facility
located in Piedade township at an elevation of 781 m along
the Peixes River, tributary to the Juquia River (SMA 2012).
Built in 1947, the reservoir accumulation capacity is up to 42
10°m®. This environment is predominantly mesotrophic, ac-
cording to the Trophic Status Index (TSI) (Lamparelli 2004)
calculated presently. The reservoir is also used for fish farm-
ing (fig. 1). The TSI results are in accordance with those of
the PEJU Management Plan report (SMA 2012) in which ob-
servations carried out through ichthyofauna studies indicated
a mesotrophic site in the network tanks region, probably a
result of the aquaculture activities.

The Cachoeira do Franga reservoir is located in the region
of Juquitiba at an elevation of 685 m. Its construction began
in 1954 and was completed in 1957 and its operation started
in the following year. It was the first hydroelectric plant built
by Companhia Brasileira de Aluminio (CBA) for power gen-
eration which corresponds to the first of the cascading pro-
jects along the Juquia River (SMA 2012). This reservoir is
currently classified as oligotrophic (TSI) and presents an ac-
cumulation capacity of up to 135.2 10°m? (fig. 1).

Environmental variables

Water samples for chemical analysis were collected during
austral summer and winter campaigns in 2014 with a Van
Dorn sampler along a vertical profile. Temperature (°C), pH
and specific conductance (uS cm™') were measured in the
field using standard electrodes (Horiba U-53). The analyti-
cal procedure for dissolved oxygen (mg L"), ammonium (ug
L"), alkalinity (mEq L"), nitrate (ug L), soluble reactive
silica (mg L"), total nitrogen (TN) and total phosphorus (TP)
(ug L), free carbon dioxide (mg L") and bicarbonate ions
(mg L) followed Standard Methods (APHA 2005). Chlo-
rophyll-a (ug L"), corrected for phaeophytin, was measured
using 90 % ethanol (Sartory & Grobbelaar 1984). Details of
the environmental conditions at the sampling sites are sum-
marized in table 2.

Sampling and diatom preparation

The following type materials were examined under LM and
SEM microscopy, respectively:
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Table 2 — Means (and standard deviation) of abiotic variables in the studied reservoirs in which A. #ropicocatenatum occurred.
Abbreviations: Sec (Secchi depth; m), Temp (temperature; °C), Cond (conductivity; uS cm™), Alk (alkalinity; mEq L), DO (dissolved
oxygen; mg L), N-NO; (nitrate; ug L), P-PO, (phosphate; pg L), TN (total nitrogen; pug L), TP (total phosphorus; ug L"), SRS (soluble
reactive silica; mg L"), Chlo (chlorophyll-a; pg L"), FR (Cachoeira do Franga reservoir), JP (Jurupara reservoir).

Reservoir  Sec Temp pH Cond Alk DO N-NO, P-PO, TN TP SRS Chlo

FR1 1.7£0.1 23.1£6.8 7.3+0.9 24.5+0.7 0.2+0 7.5£0.2  8.7*l 4+0  151.8+162.9 5.5+2.2 2.4+13 54448
FR2 1.9+0.2 24.2+8.1 7.3+1.3 24+0 0.2+0 7.4+0.9 8+0 4.2+0.2  191.1445 10.0£7.5 2.39+1.2 4.12+2
FR3 1.7£0.1 24.1£83 7.9+0.6 23.5£2.1 0.2+0 7.3+1.6 8+0 4.6£0.9 231.2+21.2 6.6+£3.7 23+1.4 20.2426.5
FR4 1.7£0.1 24.0£7.9 8.6+0.6 24.5+3.5 0.2+0 8.2+1.6 9.1+1.6 4.1+1.9 280.0+153.7 6.8£2.5 2.2+1.3 22.84+29.7
JP1 1.5£0.8 24.1+6.7 6.4+1.3 24.0+£2.8 0.2+0 7.8+0.8 35.4+38.8 440  464.3+89.4 19.5+4.2 3.9+0.3 16.8+1.8
JP2 1.9+0.4 24.6+6.5 6.6+0.1 23.5+£3.5 0.2+0 6.7+1.3 40.6+46.1 440 351.4+201.4 16.6+0.3 3.8+0.3 10.1+0.7
JP3 2.2+0.2 25.4+6.9 6.6+0.1 24.0£2.8 0.2+0 7.5+0.3 31.8433.6 4.5+0.8 453.3+£82 13.5+0.7 3.7£03  7.1+1.2

JP4 2.140.4 25.0£7.1 6.8+0.2 23.5£3.5 0.2+0 7.1+1.1 37.6.+41.8 4.2+0.2 434.1+103.8 13.3+1.9 4.0+0 6.6+3.7

48°W 47°W

/ o cYY 3 . '\ MEDIOTETEAND | . S
LA y .~ ALTO'SOROCABA BASIN T MY ALTOTIETE BASIN

7 \&\Lsxﬁﬁ;

~ . /ALTOPARANAPANEMABASN L
: : ) Toserve
) ' Resanon \ i
N 2 - # <
¥ b %ﬂcnch. agmaca N\ N
> B Reservdr . g ) )
{ s~ "\ BAIXADA SANTISTA

- 7\ /. BAsN
) Salto do Iporangs Serraria -/ -t
/ Reservoir, " ¢ \

27 Reservoir

_ RIBEIRA DE IGUAPE AND
LITORAL SUL BASIN

,//

'
o,
| :
K " // P
47°25'0"0 47°24'0"0 47°23'0"0 47°22'0"0 47°16'0"0 47°14'0"0 47°12'0"0 47°10'0"0 47°8'0"0

23°520°S
23°520°S.

‘Cachoeira do Franga - .
~. ' Resevoir .

23°560"S
23°560"S
23°540°S.

23°540"S

Jurupara
Resevoir

23'570°S
23°560"S

23570

| Legenda

Legenda
< Disnagens

B Locosresenttros
©  poniosdeamstagem
T

Orenagens.

23580

P gra—
2| ©  ponios seamostagem

L —
o
8
g
8
3
23°580"S
23°580"S

T > IS A > L 10 1000m
471600 71300 471200 471000 7800

T
47°250"0 47°240"0 47°230"0 47°220°0

Figure 1 — Study area showing the Achnanthidium tropicocatenatum type locality (Cachoeira do Franga reservoir) and Jurupara reservoir.
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Figure 2 — Position of the pseudolandmarks on the valve outline
used to perform the geometric morphometric analysis.

316

(1) Achnanthidium minutissimum: type material, Kiitzing’s
Algarum Aquae Dulcis Germanicarum, Decade VIII, no. 75,
Kiitzing 301 (Van Heurck Collection, Botanic Garden Meise,
Belgium). Type locality: Near Aschersleben, Germany; epi-
phytic on filamentous algae (Lange-Bertalot & Ruppel 1980,
Potapova & Hamilton 2007, Novais et al. 2015).

(2) Achnanthidium catenatum: lectotype material, sample
n° E9877 (Hustedt Collection, Alfred Wegener Institute in
Bremerhaven, Germany). Type locality: Sedlice reservoir
on Zelivka River, Czech Republic (Bily & Marvan 1959,
Hlubikova et al. 2011).

For the new species we selected two samples from two
different habitats (see table 1). Periphytic material scraped off
from stones during the summer and winter 2014 and surface
sediment (2 cm deep) samples collected using a gravity core
(UWITEC) only during the winter. Diatoms were cleaned
from organic matter with hot hydrogen peroxide (35 %) and
hydrochloric acid (37 %) (Battarbee et al. 2001). For LM ob-
servations, cleaned diatoms were mounted with Naphrax®.
LM and morphometric measurements were performed with
a Leica® DMRX brightfield microscope with 100x oil im-
mersion objective, and light micrographs were taken with a
Leica® DCS500 camera. For scanning electron microscopy
(SEM), parts of the oxidized suspensions were filtered with
additional deionized water through a 3-um Isopore™ poly-
carbonate membrane filter (Merck Millipore). Filters were
mounted on aluminum stubs and coated with platinum using
a Modular High Vacuum Coating System BAL-TEC MED
020 (BAL-TEC AG, Balzers, Liechtenstein). An ultra-high-
resolution analytical field emission (FE) scanning electron
microscope Hitachi SU-70 (Hitachi High-Technologies
Corporation, Japan) operated at 5 kV and 10 mm distance
was used for the analysis. SEM images were taken using
the lower (SE-L) detector signal and up to 28° tilted. Plates
were assembled by CorelDraw Graphics Suite X7%. Relative
abundances were estimated following Battarbee et al. (2001)
with a minimum of 400 valves counted per slide at 1000x
magnification on up to six random transects and until reach-
ing an efficiency of at least 90 % (Pappas & Stoermer 1996).

Holotype permanent slides, as well as the raw and cleaned
samples were deposited at Herbario Cientifico do Estado
“Maria Eneyda P. Kauffmann Fidalgo” (SP), Sao Paulo State
Department of Environment, Brazil. Isotypes were deposited
at BR, the Botanic Garden Meise, Belgium.

Morphological terminology followed Round et al. (1990)
and Krammer & Lange-Bertalot (1991).

Diatom distribution

We estimated the new species ecological optima and toler-
ances with respect to pH, conductivity and total phosphorus
based on weighted averaging (ter Braak & van Dam 1989),
and tested its ecological profiles for differences in the eco-
logical optima with respect to the similar species 4. cate-
natum, by using a weighted comparison of means (Bland
& Kerry 1998).The weighted average estimates of a species
optimum is the mean of a measured environmental variable
(such as total phosphorus concentration or pH) weighted by
the abundance of the species in a sample data set, whereas



Marquardt et al., Achnanthidium tropicocatenatum sp. nov. in Brazilian reservoirs

species tolerance is the weighted standard deviation (Porter
et al. 2008).

Calculations were based on data from the Acquased pro-
ject called “Base line diagnosis and reconstruction of anthro-
pogenic impacts in the Guarapiranga Reservoir, focused on
sustainable water supply and quality management in the res-
ervoirs of the Alto Tieté and surrounding basins”, in which
this study is included. This dataset involves 33 tropical res-
ervoirs and 227 samples, covering a wide range of trophic
states. In this sense, the chosen abiotic variables were consid-
ered relevant for water quality assessment.

Statistical analysis

Geometric morphometric techniques were applied to dif-
ferent Achnanthidium groups to evaluate whether these
morphotypes present differences in shape compared with
A. tropicocatenatum. For this analysis, a total of 68 LM pho-
tographs were taken from A. minutissimum type material, 32

from A. catenatum type material, 100 from A. tropicocate-
natum (population from JP reservoir) and 83 from A. tropi-
cocatenatum (type material from FR reservoir) (fig. 2). The
pseudolandmarks of the outlines to further identification and
characterization were performed with CLIC (Collection of
Landmarks for Identification and Characterization) software
(Dujardin et al. 2010).

Matrices, consisting of pseudolandmarks defining out-
lines, were built based on the populations and shape vari-
ables were obtained through the Generalized Procrustes
Analysis (GPA) superimposition algorithm (Rohlf 1990).
After superimposition, shape differences can be described
by the differences in coordinates of corresponding pseudo-
landmarks between objects (Adams et al. 2004). Principal
component analysis (PCA) was carried out for the resulting
normalized coordinates by means of the PAST software ver-
sion 1.78 (Hammer et al. 2001). Finally, analysis of similar-
ity (NPMANOVA) was performed between the Cartesian

Figure 3 — Achnanthidium tropicocatenatum sp. nov. LM: A—AF, specimens from type locality (Cachoeira do Franga reservoir, Sdo Paulo,
Brazil); A-P, raphe valves; Q-AC, rapheless valves; AD-AF, girdle view. AG-BL, specimens from Jurupara reservoir, Sdo Paulo, Brazil;
AG-AV, raphe valves; AW-BH, rapheless valves; BI-BL, girdle view. Scale bar = 10 pm.

317



Pl Ecol. Evol. 150 (3), 2017

coordinates of resulting groups in the PCA with the Chord
distance measure.

RESULTS

Achnanthidium tropicocatenatum Marquardt, C.E.Wetzel
& Ector, sp. nov.
Figs 3-5

Type: Brazil, Sdo Paulo, Cachoeira do Franca Reservoir,
23°55'58.8"S 47°11'31.4"W, 5 Aug. 2014, G. Marquardt &
D. Bicudo s.n. (holo-: SP!, slide 469444, Herbario Cientifico
do Estado Maria Eneyda P. Kauffmann Fidalgo, Juquitiba,
Brazil, depicted in fig. 3A; iso-: BR, slide 4503, Botanic
Garden Meise, Belgium).

Frustules usually solitary (fig. 3A-BH); girdle view rec-
tangular, slightly arched, with apices recurved to the raphe-
less valve (fig. 3BI-BL). Valves linear-lanceolate, slightly
inflated in the central portion of the valve, with protracted,
subcapitate to capitate apices (fig. 3A—BH); length 10.5-30.0
um, width 2.5-3.5 pm in the middle; axial area narrowly
linear and silicified, widening towards the central area (figs
3A-BH, 4A & B). Raphe valve: concave with small rounded
central area, bordered by one more widely spaced stria on
one or both sides (fig. 4A & B). Externally raphe straight, fil-
iform, with slightly expanded proximal and distal raphe end-
ings (fig. 4A & B); internally proximal raphe endings slightly
deflected in opposite directions and distal endings terminat-
ing in small helictoglossae (fig. 5D). Transapical striae radi-
ate throughout the valve (36—40 in 10 pm), becoming denser
towards the apices (up to 45 in 10 um), cannot be resolved
in LM: striaec mainly composed of four, sometimes five or
six, rounded transapical areolae (fig. 4A & B), often slit-like
near the valve margin and covered by a delicate silica mem-
brane (hymen). Rapheless valve: convex with central area in-
distinct or narrow lanceolate, bordered by 1-2 more widely
spaced striae on one or both sides (fig. 4C). Transapical stri-
ae radiate throughout the valve (38—40 in 10 um), becoming
denser towards the apices (up to 55 in 10 um), cannot be re-
solved in LM; striae mainly composed of 5—6, sometimes 4,
elliptical transapical areolae (fig. SA—C), often slit-like near
the valve margin and covered by a delicate silica membrane
(hymen) (fig. 5A). On both valves, a single row of elongated
areolae on the mantle, separated from the striae on the valve
face by a hyaline area (fig. 4A & C).

Etymology — The epithet refers to the similarity of the new
species, observed in a tropical region, to A. catenatum.

Morphological examination — Although the morphology
of A. tropicocatenatum under LM could resemble A. catena-
tum at first sight, important features as the ends, protracted,
subcapitate to capitate in the new species and not protracted,
broadly rounded in 4. catenatum as well as the shape of the
frustule in girdle view can easily separate them. Also, valves
are slender in 4. catenatum, with widened central portion re-
sulting in a more undulated valve margin whereas valves are
only slightly inflated in A. tropicocatenatum. Thus, the valve
appears more elongated in the latter. Besides, the axial area
in A. tropicocatenatum is silicified and prominent (SEM)
(fig. 5C & D).
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The girdle view in A. catenatum resembles a “C” with
the apices strongly curved and sharply pointed to the ara-
phid valve, corresponding to one fifth of the frustule length
(Hlubikova et al. 2011). Also, it is commonly observed in
small colonies, forming short chains of 2 (Straub 2002), 3
(Hlubikova et al. 2011) and up to 8 cells in the planktonic
type material of Bohemia (Bily & Marvan 1959). Druart
& Straub (1992) also observed in the Lac de Chaumecon
(France) that the 4. catenatum cells are joined together in
long, recognizable chains, a very rare character in Achnan-
thidium species. On the other hand, in A. tropicocatenatum,
valves in girdle view are not so strongly curved, apices are
not so sharply pointed and frustules are commonly observed
as solitary (fig. 4BI-BL). Moreover, striae are more strongly
radiate in the new species (fig. 5C).

Apices are also clearly different in 4. minutissimum,
ranging from subrostrate to protracted (fig. 7A—AD). Moreo-
ver, A. minutissimum differs in its valve dimensions (table 3)
and in its not inflated central region.

The species is also similar to A. lusitanicum Novais &
M.Morais (Novais et al. 2015). Nevertheless, the new spe-
cies is longer (10.5-30.0 um) compared to A. [usitanicum
(5.3-13.0 pm). Additionally, the apices in the latter are ros-
trate and broadly rounded contrasting to the subcapitate to
capitate in A. tropicocatenatum (table 3). Achnanthidium
lusitanicum is described from two different sites: (1) Janeiro
de Baixo, Zézere River (Tejo basin) as the type material and
(2) Boeiro, Serta Stream (Tejo basin), which can have much
larger valve dimensions (length: 8.3—19.3 and width: 2.3-4.3
um). Achnanthidium tropicocatenatum is more similar to
the second illustrated population, especially in girdle view.
However, 4. lusitanicum population 2 is wider in the middle
of the valve than A. tropicocatenatum (2.8-3.2 pm). The spe-
cies is also more rhomboidal compared to 4. tropicocatena-
tum. Thereby, it is important to note the confusion regarding
the circumscription of 4. lusitanicum, as the second popula-
tion seems to represent a distinct species.

Ecology, distribution and associated diatom flora — The
type population of A. tropicocatenatum was observed in
the Cachoeira do Franga reservoir in alkaline waters with
low conductivity (24.5 uS cm™), low levels of nitrate (9.1
pg L), total nitrogen (280.0 pg L), total phosphorus (6.8
ug L") and phosphate (4.1 pg L") concentrations and pH of
8.6 (annual mean). Regarding its autoecology, the species
reached its optimum when the temperature was around 24.2
°C, values of pH were around 7.5, conductivity around 29
uS cm, TN around 292.3 u L' and TP around 12.6 pg L.
Based on phosphate measurements, this species presented an
optimum at oligotrophic conditions (table 2). The new spe-
cies has a different autecology when compared with 4. cate-
natum, although both taxa shared similar preferences with
respect to pH (fig. 9A, t = 0.22, p = 0.83). Achnanthidium
tropicocatenatum is an oligotraphentic species (fig. 9B, t =
10.5, p <0.01) that prefers waters with lower electrolyte con-
tent opposite to A. catenatum, which prefer eutrophic waters
(fig. 9C,t=9.2,p<0.01).

Achnanthidium tropicocatenatum, dominant in the sam-
ple of Cachoeira do Franga (86.6 % relative abundance), was
associated with Brachysira neoexilis Lange-Bert. (3.8 %)
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ittt i St et B

Figure 4 — Achnanthidium tropicocatenatum sp. nov. SEM: A—C, external views; A & B, raphe valves; C, rapheless valve. Population from
type locality (Cachoeira do Franga reservoir, Sdo Paulo, Brazil). Scale bars: A& C =5 pm, B =2 um.
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Figure 5 — Achnanthidium tropicocatenatum sp. nov. SEM: A-D, internal views; A, C & D, rapheless valve; B, raphe valve; C, detail of
apical striae and areolae; D, detail of central area and transapical striae. Population from type locality (Cachoeira do Franga reservoir, Sdo
Paulo, Brazil). Scale bars: A,C & D=2 um, B=5 pm.
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Table 3 — Comparison between Achnanthidium tropicocatenatum and morphologically similar species.

Achnanthidium

A. lusitanicum

A. catenatum A. minutissimum

tropicocatenatum Sp. NOv. Novais & M.Morais (J.Bily & Marvan) Lange-Bert. (Kiitz.) Czarn.
Reference This study Novais et al. (2015) Hlubikova et al. (2011) This study
Valve length (um) 10.3-23.9 5.3-13 10-17.5 11.7-16.9
Valve width (um) 2.7-3.5 2.3-3.0 2.8-3.6 2.6-3.3

Linear-lanceolate,
slightly inflated in the
central portion
Protracted, subcapitate
to capitate

Valve outline

Valve apices

Radiate throughout Slightly radiate in the central
Striation pattern the valve, denser towards portion, more radiate and
the apices denser towards the apices

Elliptic, linear-elliptic to
linear-lanceolate, slightly
inflated in the central portion
Protracted, rostrate and
broadly rounded

Slender with widened central
portion resulting in an
undulated valve margin
Broadly capitate
to subcapitate
Radiate in the central portion
and weakly radiate
or almost parallel,
denser towards the apices

Linear-elliptic to
linear-lanceolate

Protracted, rostrate
to subcapitate

Radiate, denser
towards the apices

Raphe valve

Small rounded, bordered
by one more widely

Central area .
spaced stria on one or

Small rounded

Almost absent, slightly
rounded or as a
rectangular fascia

Rounded, almost absent

both sides
L 3640 35 30
Striae (in 10 pm) (up to 45 near the apices) (up to 40 near the apices) 30-32 (in the middle)
Number of areolae 36 3.5 4.6 _

(per striae)

Rapheless valve

Indistinct or narrow
Central area

Absent or small, elliptical

. Indistinct or narrow
Small, lanceolate to rhombic

lanceolate lanceolate
L 3840 30-34
Striae (in 10 pm) (up to 55 near the apices) 30-35 30-34 (in the middle)
Number of areolae 36 34 (5-6) 4-6 -

(per striae)

and Discostella stelligera (Cleve & Grunow) Houk & Klee
(2 %). Navicula notha J.H.Wallace, Achnanthidium hoffman-
nii Van de Vijver, Ector, A.Mertens & Jarlman, Eunotia sp.
and Aulacoseira tenella (Nygaard) Simonsen also occurred
but with low relative abundance (< 2 %). The diatom flora is
mainly composed of taxa indicating waters of low nutrient
content.

Achnanthidium tropicocatenatum problably corresponds
to A. cf. catenatum in Morales et al. (2011, figs 128-134)
from Maylanco (Bolivia), a small stream about 2 m wide and
30 cm deep (17°23.73'S 66°3.16'W, 2685 m a.s.l.) with alka-
line waters, with relatively high conductivity (400 uS cm),
pH of 8.5 and temperature of 17.3 °C (Mesophytic, Province/
Southern Puna, Mesophytic Sector).

Geometric morphometry — Morphological differences
among the four studied populations were evidenced by their
valve shape analysis (fig. 10). Similarity tests (NPMANO-
VA), performed on the Cartesian coordinates of resulting
groups in the PCA, revealed statistically significant differ-
ences (p values: <0.001, <0.01, < 0.05) between A. minutis-
simum and A. catenatum compared with the 4. tropicoca-

tenatum type and Jurupara populations, both of which belong
to the same species (table 4).

DISCUSSION

Achnanthidium tropicocatenatum clearly belongs to the com-
plex of species around A. minutissimum based on the simple
and straight distal raphe endings, contrary to the species in
the A. pyrenaicum group that have clearly deflected to even
hooked terminal raphe fissures (Kobayasi 1997, Potapova
& Hamilton 2007, Van de Vijver & Kopalova 2014). This,
widely distributed species in Brazilian reservoirs is charac-
terized by a set of distinct morphological and ecological fea-
tures that clearly separate it from all other similar Achnan-
thidium species.

Landmark-based geometric morphometrics was a pow-
erful tool in quantifying the shape variation in the studied
species. Comparison and examination of A. tropicocatena-
tum and related species (type materials) showed significant
overlapping of valve outlines (fig. 10) making the identifi-
cation based only on LM difficult. However, NPMANOVA
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Table 4 - NPMANOVA test performed on morphological differences resulting groups in the PCA using the Chord distance measure.

P values shown (< 0.001, <0.01, < 0.05).

A. tropicocatenatum

A. tropicocatenatum A. catenatum

(Jurupard) (type material) (type material)
A. mznutzsszmum <0.05 <0.01 <0.05
(type material)
A. troplc?catenatum B 0.4218 <0.01
(Jurupara)
A. tropicocatenatum B _ <0.01

(type material)

statistically demonstrated differences in valve outline among
them, supporting the placement of A. tropicocatenatum as a
new taxon. The geometric morphometric approach has been
increasingly applied in diatoms as a complementary tool for
taxonomy, being very useful in the separation of morpholog-
ically similar taxa, either with Achnanthidium (e.g. Potapova
& Hamilton 2007) or other genera (e.g. Falasco et al. 2009,
Cejudo-Figueiras et al. 2011, Peng et al. 2014, Wengrat et al.
2015, Urbankova et al. 2016).

Currently, A. minutissimum s. lat. is regarded as a very
generalized indicator species with a seemingly broad eco-
logical tolerance and different North American Achnanth-
idium morphotypes exhibit different ecological preferences
that could be useful in biomonitoring (Potapova & Hamilton
2007, Pinseel et al. 2017). The correct identity and biogeo-

graphical distribution of this taxon have long been obscured
by force-fitting and taxonomic drift (Van de Vijver & Kopa-
lova 2014). A recent study of Pinseel et al. (2017) has argued
that the implementation of molecular data in the taxonomy
of Achnanthidium will be essential to solve the taxonomic
problems associated with this group resulting in better un-
derstanding of the biogeography and niche differentiation of
different species belonging to the A. minutissimum complex.
In Brazil, the species have been reported especially for the
South (e.g. Bertolli et al. 2010, Faria et al. 2010, Marra et
al. 2016, Nardelli et al. 2016; all of them in Parana State)
and the Southeast region (e.g. Faustino et al. 2016; Sao Paulo
State). However, the specimens represented as 4. minutissi-
mum by Ferrari & Ludwig (2007) for the Ivai basin (Parana
State) seem to represent two distinct taxa and probably the

Figure 6 — Achnanthidium minutissimum LM: A—AF, specimens from type material (type locality: near Aschersleben, Germany); A—P, raphe
valves; Q—AD, rapheless valves; AE & AF, girdle view. Achnanthidium catenatum LM: AG-AYV, specimens from lectotype material (type
locality: Sedlice reservoir on Zelivka River, Czech Republic); AG-AM, raphe valves; AN—AU, rapheless valves; AV, girdle view. Scale bar

=10 pm.
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