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ABSTRACT

In the last decade, many new records for Thorea hispida (Thore) Desvaux 1898 emend. Sheath, Vis et Cole 1993 (Rhodophyta) have
been collected from Europe as a probable result of the enactment of the Water Framework Directive which has fueled a renewed interest
in the characterization of the macroscopic primary producers of river systems. Despite this, the species remained poorly documented,
especially regarding habitat requirements and related physical and chemical drivers. To further add to the knowledge of these param-
eters, a three-year survey (2009-2011) was conducted along the southern reach of the Oglio River, a mid-size tributary of the Po River
in Northern Italy that hosts three newly recorded populations of T. hispida. In parallel, a comprehensive review of the literature was
performed. In this work, we present the first records for T. hispida from Italy, and a first detailed physical, chemical and hydromorpho-
logical characterization of its habitat. We confirm the predilection of T. hispida for turbid waters (>80 mg L™ of total suspended solids)
with high nutrient (up to 9.4 mg L' for nitrates and up to 173 ug L™ for soluble reactive phosphorous) and conductivity levels (up to
660 uS cm™). In addition, our data extended the range of tolerance of the species for temperature (5.1-26.2°C) and pH (7.1-8.6). In
general, our results and previously published data corroborate with the idea that T. hispida can not be considered a sensitive species
(i.e., a taxon scarcely adapted to increasing levels of pollution), showing a preference for rivers characterized by high nutrients avail-
ability. Moreover, its rarity must be traced to the low detectability of the thallus due to species life cycle and the very limited accessibility

of colonized habitats.
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INTRODUCTION

Many new records for Thorea hispida (Thore) Desvaux
(Rhodophyta) have been collected in recent years from Eu-
rope (for Serbia, Simi¢ and Pantovi¢, 2010; Simi¢ ef al.,
2014; for Lithuania, Vitonyté, 2011; for Rumania, Céraus,
2012; for Spain, Tomas et al., 2013). This is likely a result
of the enactment of the Water Framework Directive that
imposed an overall review and updating of knowledge on
neglected macroscopic primary producers in freshwater
ecosystems such as red algae (Ceschin ef al., 2012, 2013).
Despite this renewed interest, the species remains poorly
documented, especially regarding its ecological preferences
(Vitonyte, 2011; Garcia and Aboal, 2014).

Generally, the freshwater Thoreales are more common
in tropical and subtropical areas (Sheath and Hambrook,
1990; Sheath et al., 1993; Carmona and Necchi, 2001) and
are considered rare and threatened in Europe (Eloranta et
al., 2011). Accordingly, 7. hispida is included in the Algae
Red List in some European countries (Ludwig and Schnit-
tler, 1996; Shelyag-Sosonko, 1996; Sieminska, 2006; Simi¢
et al., 2007; Temniskova et al., 2008; Tauscher, 2010), and
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it is still considered a species with a very restricted distri-
bution (Garcia and Aboal, 2014 and references therein). At
present, there is not an agreement among researchers work-
ing with this taxon about the habitat conditions of the
species. Haury et al. (2006) have proposed the species as a
good proxy of mesotrophic/oligotrophic conditions and
with very limited ecological amplitude in the calculation of
the IBMR index (Macrophyte Biological Index for Rivers),
developed for defining the river’s trophic status. Other au-
thors have reported the species in habitats characterized by
turbid and nutrient-rich waters (Rott ez al., 1999; Carmona
and Necchi, 2001; Tomas et al., 2013; Garcia and Aboal,
2014). A possible explanation of this discrepancy could be
1) the complexity of the biological cycle of the species that
includes the Chantransia sporophyte stage, which is diffi-
cult to identify, or/and ii) the habitats in which this species
exists are poorly investigated (Higa et al., 2007). In general,
the macroalgal communities of large lowland and turbid
rivers are little known due to the logistical difficulty to sam-
ple these habitats on a regular basis (Ceschin et al., 2010,
2012; Simi¢ et al., 2014). Consequently, we argue that this
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species is considered rare because it is difficult to detect or
because it colonizes neglected habitats; accordingly, the
supposed sensitivity to pollution of the species is the prob-
ably result of its low detectability.

In order to verify this hypothesis and to clarify the en-
vironmental ranges of the species, the present work pro-
vides new environmental data for 7. hispida, which is
reported for the first time in Italy in the Oglio River, a
mid-size, regulated and nutrient-rich tributary of the Po
River (Northern Italy). Hence, a seasonal monitoring
study was conducted during 2009-2011 at 8 sampling sta-
tions in a 40 km stretch of the Oglio River, which hosts
three 7. hispida populations. The algal samples were com-
plemented by river water samples and water discharge
measurements. Our findings were then compared with the
available literature.

METHODS
Study area

The study area was about a 40 km length of the Oglio
River and was located in the central portion of the Po River
alluvial basin (Northern Italy) (Fig. 1). The local climate is
continental, with mean annual temperature of ~13°C and
precipitation close to 800 mm; the bioclimatic region for
the study area is within the mesaxeric region. The Oglio
River catchment is heavily exploited for agricultural and
farming practices with arable lands representing up to 60%
of the basin area. A large nitrogen (N) surplus characterizes
the arable lands resulting in widespread N pollution of sur-
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Fig. 1. Lower Oglio River Basin and sampling stations.

face and ground waters (Soana et al., 2011). A complex sys-
tem of dams, water extraction structures and levees allows
control of the Oglio River discharges and limits the ero-
sional/depositional processes that characterize natural wa-
tercourses. The effects of these multiple pressures are
evident in terms of water quality and quantity. The lower
reach of the Oglio River is characterized by nitrate-rich and
turbid waters and, during the summer, upstream water di-
version results in a prolonged low-discharge phase (late
May to September; Bartoli ef al., 2012).

Thorea hispida sampling and molecular analysis

Thorea hispida samples were first collected near Os-
tiano in 2009 (sampling site FS59) and near Binanuova
and Calvatone in 2010 (sampling sites FS53 and FS73)
(Figs. 1 and 2). All populations were sampled again and
confirmed in 2010 (FS59) and 2011 (FS48, FS59, FS73).
In general, the algal coverage of the river’s bottom ranged
between 1% and 5% (by visual assessment).

T’ hispida specimens were collected by hand and a
portion was immediately fixed in 4% formaldehyde in the
field and then stored in the collection of the Dept. of Life
Sciences of the Parma University (Italy). Fresh and fixed
specimens were examined using a Leica DM 750 micro-
scope equipped with a Leica DFC 295 digital camera; the
morphological characterization was conducted according
to Sheath et al. (1993), Carmona and Necchi (2001), and
Eloranta et al. (2011). Sub-samples collected at site FS48
were dried in silica gel and stored at -20°C for DNA
analysis that was performed at Ohio University. Molecular
sequence data were generated for the rbcL (chloroplast)
gene. Molecular data confirmed the attribution of the pres-
ent populations to 7. hispida (a more detailed analysis and
description of molecular analyses and results were re-
ported by Johnston, 2012). A general morphological illus-
tration of Italian specimens was provided in Fig. 3.

Water quality, hydromorphological and
biological characterization

Oglio River waters were characterized over 3 years with
a seasonal periodicity (early December, January-February,
late April-early June, late July-mid August; n=12) at § sam-
pling stations. Temperature, conductivity, dissolved oxygen,
and pH were measured in situ with a multiple probe (YSI
model 556 MPS); water samples (2 L) were collected using
a plastic bottle just below the water surface. Samples for
DIC (dissolved inorganic carbon) were transferred in glass
vials (Exetainer, Labco, High Wycombe, UK). Samples for
NH," (ammonium) and NO;™ (nitrate) determinations were
filtered through Whatman GF/F glass fiber filters (@ 47
mm, porosity 0.45 um) and transferred to plastic vials; sam-
ples for SRP (soluble reactive phosphorous) were filtered
and kept in glass vials. Water subsamples were transferred
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to plastic vials to measure TN and TP (total nitrogen and
total phosphorus). All water samples and 1.5 L of water for
each station were kept to 4°C and transferred to the labora-
tory. DIC samples were immediately titrated with 0.1 N HCI1
(Anderson et al., 1986); total suspended solids were meas-
ured by filtration through a pre-dried and weighed glass
fiber filter GF/F (Whatman, UK, @ 25 mm and 0.45 um)
(APHA, 1998); chlorophyll-a was determined by filtration
through a glass fiber filter GF/F (Whatman, UK, @ 47 mm
and porosity 0.45 um) and by overnight extraction in cold
90% aqueous acetone (APHA, 1998). NH,*, NO;", NO,,
TN, SRP and TP were determined with standard spec-

trophotometric methods according to Rodier (1978),
Valderrama (1981), and APHA (1998).

During the study period, simultaneously with the
water quality characterization, hydromorphological data
were also collected (kindly supplied by the Consorzio del-
'0Oglio). River flow and current velocity measurements
were performed using the Rio Grande ADCP (Acoustic
Doppler Current Profiler). A visual assessment of the
shading was also performed by examining the percentage
of water surface shaded by riparian vegetation at the max-
imum solar radiation (10:00 to 14:00). Data on the com-
position of aquatic primary producer communities were

Fig. 2. A general overview of the sampling stations FS59 (a) and FS73 (b).
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Fig. 3. Morphological features of Thorea hispida. a) Aspects of a middle portion of a plant showing the copious assimilatory filaments
not enclosed in a common mucilage; scale bar: 100 pm. b) Monosporangia attached to colorless medullar filaments; scale bar: 20 um.
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collected during the summer sampling, with exception of
stations FS64 and FS67 which were very close to the sta-
tions FS63 and FS68. As a result, we consider the infor-
mation collected within these stations (FS63 and FS68)
representative of the nearby ones.

RESULTS

T. hispida was found at three sites (FS53, FS59, FS73;
Fig. 1, Tab. 1) in river sections characterized by variable
widths, depths, and shading: 40-85 m width, 0.3-1.0 m
depth, and with rates of shading ranging between 5-15%.
Thalli were collected from different substrata, including
stones, bricks, concrete blocks, waste material, and sub-
merged tree branches. In general, 7. hispida colonized
hard substrata and artificial structures such as submerged
roadbeds, bridge pilings and artificial levees. Current ve-
locity ranged from 0.3 to 1.7 m s™! with discharges of 20
to 180 m® s7!. In 2011, the river stretch experienced nu-
merous flood events such that river flows reached peaks
greater than 260 m? s™!, which were associated with much
higher current velocity rates than typical. During summer
months, canopy shading varied between 0% (at FS59) and
15% (at FS48). The associated species were typical of
mesotrophic to eutrophic conditions. Among algae and
aquatic plants, Cladophora glomerata (Linnaeus) Kiitzing
1843, Oscillatoria spp., Spirogyra spp., Ceratophyllum
demersum L., Myriophyllum spicatum L. and Lemnaceae
were the most common zaxa (Tab. 1).

The river water conditions varied greatly (Fig. 4).
Temperatures displayed wide fluctuations ranging be-
tween 26.2°C (FS73) measured in late July-mid August
and 5.1°C measured in December. Overall, annual mean
values were between 13.2 and 14.3°C. The mean values
of pH ranged from 7.9 to 8.0 units. Only site FS53 showed
a maximum value of 8.6 pH units. Conductivity was gen-
erally high, ranging between 314 and 660 uS cm™!, typical
of eutrophic rivers located across hyper-exploited flood
plains. Maximum dissolved oxygen concentrations were
always greater than 100% of saturation with 3-yrs means
ranging between 92 and 96%. Mean dissolved inorganic
carbon was ~ 4 mM, with a maximum of 5.7 mM at sites
FS73; mean total suspended solids increased from 18.6
mg L' at FS53 up to 29.2 mg L! at FS73, with a peak
equal to 99.0 mg L' at FS63 in early December 2009.
NH," concentrations were less variable among sites and
seasons, ranging between 0.01 and 0.50 mg L'; 3-yrs
mean value above 0.2 mg L' was found only at site FS64.
On the contrary, the NO;™ content was one order of mag-
nitude higher and reached values up to 9.4 mg L', repre-
senting the largest portion of the total nitrogen content:
on average, NO;™ accounted for 86% of TN. Mean SRP
concentrations for each station were moderately variable
and generally higher than 50 pg L™!. At FS59, FS60, FS68,
and FS73, SRP concentrations reached maximum values

up to 100 ug L. As well, TP concentrations varied from
13.1to 194.4 pg L' and showed a trend increasing from
FS53 to FS73 similar to the TSS concentrations. Water
column chlorophyll a concentrations were low, ranging
between 0.5 and 8.1 pg L!; mean values ranged from 3.0
to 3.4 ug L' (Tab. 2).

DISCUSSION

The present data confirm the propensity of the species
Thorea hispida to inhabit rivers characterized by eu-
trophic conditions with high nutrients (nitrate and soluble
reactive phosphorous), conductivity, and turbidity (>80
mg TSS L) (Davis-Colley and Smith, 2001; Tomas et
al., 2013; Garcia and Aboal, 2014). Indeed, the Oglio
River is a medium-size temperate lowland river, flowing
through the Po alluvial basin that is one of the most pro-
ductive areas of the Northern Hemisphere (Bassanino et
al., 2011). Specifically, the Oglio River catchment is char-
acterized by a positive N budget, which indicates an N
surplus on arable land due to an excess of N input by ma-
nure and fertilizers compared to crop demand. At the basin
scale, the net N export at the river basin closing section is
calculated to be 13000 t N y! corresponding to 12% of
the total N inputs (Soana et al., 2011; Bartoli et al., 2012).
Locally, this N excess generated a widespread pollution
of nitrate in surface and ground waters as a secondary ef-
fect of the extreme permeability of the soils in the catch-
ment. This translates into a considerable availability of
solutes and nutrients in the water that increases along the
course of the river, reaching maximum values in the last
river stretch where we found the 7. hispida populations
(up to 9.4 mg L! for NO,; up to 173 ug L! for SRP; up
to 660 uS cm! for conductivity and up to 99 mg L' for
TSS) (Bartoli et al., 2012; Delconte et al., 2014).

Numerous reports of environmental parameters for
collections of T. hispida from around the world exist in
the literature (e.g., Simi¢ and Pantovi¢, 2010; Vitonyté,
2011; Tomas et al., 2013; Garcia and Aboal, 2014). The
comparison between data from literature and data from
this study shows much variation in ecological preferences
of T. hispida (Tab. 2). In the Oglio River, the “Chantran-
sia” sporophyte stage of 7. hispida tolerates and survives
at cold temperatures (during the winter, temperatures not
exceeding 7.4°C and with a minimum of 5.1°C) and neu-
tral pH (7.1), which are the lowest values respect to those
reported in literature for the species (Tab. 2). Overall, T.
hispida exhibits preference for neutral to alkaline (pH ~7-
8.6), moderate to well-oxygenated waters (80-140% of
oxygen saturation), and water temperate (~14.0-26.0°C)
(Sheath et al., 1993; Carmona and Necchi, 2001; Tomas
et al., 2013; Garcia and Aboal, 2014). Simi¢ and Pantovi¢
(2010). Simic et al. (2014) reported a very restricted con-
ductivity range of 428-480 uS cm™! for the Serbian pop-
ulations in Sava River, and this range was close to the
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upper values recorded by Sheath ef al. (1993) in North
America (180-500 puS cm™). Stations where 7. hispida
was found in the River Oglio had a similar conductivity
range (314-660 uS cm™). However, Carmona and Necchi
(2001) measured values up to 2140 pS cm™ for the Mex-
ican populations (stream Micos) and Tomas et al. (2013)

reported a range of ~500-2500 pS cm™! for the Ebro River
basin (North-East Spain). Recently, Garcia and Aboal
(2014), investigating a Mediterranean marsh (Pego-
Oliva), recorded the highest values of conductivity (2110-
6300 uS cm™). With respect to nutrient concentrations,
NH," values measured in the Oglio River water were the
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Fig. 4. Range of the water physico-chemical parameters measured seasonally for a period of three years (2009-2011, n=12) in the lower
Oglio River stretch; in grey are Oglio River sites where 7. hispida populations were present. T, temperature; pH; Cond, conductivity at
20°C; O,, percentage of dissolved oxygen; NH,*, ammonium; NO;, nitrate; TN, total nitrogen; SRP, soluble reactive phosphorus; TSS,

total suspended solids.
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Tab. 2. Environmental data (physico-chemical and hydromorphological variables) of rivers where Thorea hispida populations were
collected.

Sheath et al., 1993 range N America 18.0-24.0 7.5-8.3  180-500 0.1-1
Carmona and Neochi. ™59 Mexico  241EL7 74203 12802453 0.3£0.1 0.3+0.2
5001 o omisd oY 187408 7701 170£178 0.3£0.1 0.1£0.1
range 17.6-28.0 7.0-8.0 59-2140 02-04 <05
Simi¢ and Pantovi¢, 2010 izz;‘i Serbia  23.2+0.8 82+0.1 45326 05-0.7 022 10-650
Vitomet. 2011 misd Lo 121437 8102 553415 0.0740.04 1.120.6  0.04+0.01 0.4%0.2
L range u 94-19.5 7.8-82 530-568 0.0-0.13 02-1.8  0.03-0.05 0.20-2
Tomas et al., 2013 range  Spain  14.0-26.0 7.5-8.4 ~400-2500 ~5.0-11.5 ~0.03-0.13 ~5.0-17.0 ~0.01-0.80 0.1-1
Garcia and Aboal, 2014  range  Spain  17.8-22.6 2110-6300 7.7-9.9 0.01-0.11 15.7-27.4 0.02-0.04
This stud misd 143468 8.0£02 510481  9.8+1.7 0.1320.10 4.5£1.6 0.05£0.03
Y range Y 51262 7.1-8.6 314742 73-132 0.01-053 1494 0.03-0.17 05-0.7 03-1 45-85

T, temperature; Cond, Conductivity, O,, dissolved oxygen, CV, current velocity; m+sd, meantstandard deviation.

highest among those reported (up to 0.53 mg L") for river
ecosystems. However, NO;~ values were closer to those
measured by Tomas ef al. (2013) in Ebro River basin and
lower than those measured by Garcia and Aboal (2014)
in the Pego-Oliva marsh (Tab. 2). Concentrations of SRP
exhibited a range from 0.03 to 0.17 mg L' according to
ranges found by Tomas et al. (2013) and Garcia and
Aboal (2014). In summary, the populations of 7. hispida
from Italy grow in lowland river reaches characterized
by elevated conductivity, turbidity and nutrients levels,
confirming environmental ranges found by Tomas et al.
(2013) and observations provided by Rott ef al. (1999),
Carmona and Necchi (2001). Similarly, our hydromor-
phological data support the preference of the Italian 7.
hispida for river sections analogous to range reported by
Simi¢ and Pantovi¢ (2010) and by Tomas et al. (2013)
(Tab. 2). With respect to preferred substrata and sites of
colonization by this species, our observations are similar
to those reported in the literature with the Italian popula-
tions of 7. hispida growing on hard substrata, both natural
and artificial (e.g., stones and bricks) at unshaded sites
(Carmona and Necchi, 2001; Simi¢ and Pantovi¢, 2010;
Tomas et al., 2013).

CONCLUSIONS

These results confirm the preference of 7. hispida for
rivers for relatively high levels of nitrogen and phospho-
rous, conductivity and turbidity. Our sampling sites dis-
played the highest values of ammonium among those
reported in literature (up to 0.53 mg L™); whereas all other
investigated parameters are consistent with the available
literature, especially in terms of water current velocity
(0.1-1.0 m s'), maximum depth of colonization (0.1-2.0

m), conductivity (59-6300 pS cm™), and nitrate content
(1.4-23.4 mg L™"). On the basis of this evidence, we argue
that 70 hispida cannot be considered a threatened taxon,
and its rarity, in other words the low level of reported ob-
servations of the species worldwide, may be mainly at-
tributed to 1) its life cycle that makes the species scarcely
detectable, and ii) the often limited accessibility of colo-
nized habitats. Bearing all this in mind, the high dis-
charges and connected high turbidity levels make the
study of macroscopic primary producers in these habitats
difficult. It is no coincidence that, for river ecosystems,
the enactment of the WFD resulted in an exponential in-
crease in the detection of species that were previously
considered rare, including 7. hispida (Simi¢ and Pantovic,
2010; Vitonyté, 2011; Caraus, 2012; Tomas et al., 2013).
Further investigations are necessary to clarify the distri-
bution patterns of 7. hispida, but nonetheless we have in-
formation that allows us to exclude a risk of imminent
local extinction. On the contrary, we can consider the
species as a tolerant taxon.
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