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Abstract — This paper reports the occurrence of the freshwater brown alga Heribaudiella
Sfluviatilis (Areschoug) Svedelius in four new localities in southeastern Europe, as well as the
first records for Croatia. Additionally, we report here a new type of substrate for H. fluviatilis,
on stones in karstic rivers characterized by tufa formations. Despite a generally low number
of findings, this and previous studies indicate that the species is not as rare as generally
perceived; rather, it is overlooked, under-collected and therefore under-reported. The paper
provides detailed diagnostic features of the thalli and habitats where the alga was found, with
notes on corresponding vegetation, physical conditions and water chemistry. Additionally,
along with the new records of the red alga Hildenbrandia rivularis (Liebmann) J. Agardh in
Croatia, the associations of Heribaudiella-Hildenbrandia are reported for streams of Black
Sea and Adriatic basins.

Phaeophyta / Rhodophyta / Heribaudiella | Hildenbrandia | freshwater / habitats /
distribution / first record / Croatia

INTRODUCTION

Brown algae (class Phaeophyceae) are usually associated with marine
ecosystems. Freshwater members of the class are often overlooked or under-
researched, their occurrence being thus infrequently reported. Heribaudiella fluviatilis
(Areschoug) Svedelius (hereafter: Heribaudiella) belongs to a group of roughly
seven freshwater species from six genera within the class Phacophyceae (Silberfeld,
2014; Holmes & Whitton, 1975; Wehr & Stein, 1985). This contrasts with the over
2000 species described in marine environments (Reviers et al., 2007). Because
marine habitats are not the exclusive habitats for brown algae, it is necessary to
explore this freshwater group more fully.
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Each new study and publication about Heribaudiella, often referred to as a
rare species, is increasingly replacing the gaps in knowledge with objective facts about
the ecology and biology of freshwater Phaeophyceae. Even though it was described in
detail by Svedelius in 1930 (Svedelius, 1930), information has been fragmentary, from
scattered locations in Europe (Athanasiadis, 1996; Ludwig & Schnittler, 1996; Wehr,
2003; Whitton et al., 2003; McCauley & Wehr, 2007; Eloranta et al., 2011; John et al.,
2011; Tauscher, 2011; Tauscher, 2014; Tauscher, 2016) North America (Wehr &
Perrone, 2003; McCauley & Wehr, 2007), Japan (Yoshizaki ef al., 1984) and China (Jao
1941). The alga is currently known to be distributed only in the northern hemisphere
(Guiry et al., 2014), while Wehr and Stein (1985) and Stoyneva et al. (2003) provided
detailed references for the European and Asian distribution of this species known at the
time. Thus far, in southeastern Europe Heribaudiella has been reported only from
Bulgaria (Stoyneva et al., 2003) and Greece (Anagnostidis, 1968), with no published
notes about this species in Croatia or neighbouring countries, apart from one isolated
record from Slovenia (Lazar, 1975).

The encrusting, largely inconspicuous, cushion-like brown Heribaudiella
thalli occur in rivers, and can at times become a major component of the algal flora in
small rivers. Also, the alga has been reported in rocky littoral zones of lakes (Kann,
1993; Wehr, 2015). The thalli appear as brown, crusty spots on the surface of stones
(Figs 1-2), and can be indistinct in appearance and easily overlooked. This was
emphasized by Holmes and co-authors, who noted that it can easily be misidentified
when encountered in the field (Holmes et al., 1972; Holmes & Whitton, 1975).

Heribaudiella typically colonizes basalt, basaltic andesite, quartz,
greenstone, marble, and granite stones (Holmes & Whitton, 1975, 1977a,b,c; Kann,
1978; Wehr & Stein, 1985; Kusel-Fetzmann, 1996; Wehr & Perrone, 2003). The
species tolerates a wide range of ecological conditions, from oligotrophic to eutrophic
waters (Israelsson, 1938), neutral to slightly alkaline pH, a wide range of inorganic
calcium, phosphorus and nitrogen concentrations and habitats from heavily shaded
to fully open (Wehr & Stein, 1985). Nevertheless, the overall data suggest that
Heribaudiella is most commonly found in systems with intermediate to low nutrient
levels with vegetation and algal compositions that share several similarities (Wehr
& Stein 1985; Wehr & Perrone 2003).

So far, although a few checklists have been published related to freshwater
macroalgae for southeastern Europe (Caraus, 2002; Stoyneva et al., 2003; Temniskova
et al., 2008; Kwandrans & Eloranta, 2010; Caraus, 2012; Caraus, 2017), relevant
data with descriptions and the number of findings are still very limited (Cvijan et
al., 2003). Macro-algological studies in Croatian freshwater ecosystems have been

Figs 1-8. 1. Stone from the Kupa-Vukova Gorica with Hildenbrandia rivularis thalli (left arrow, large
red coat), Heribaudiella fluviatilis (right arrow, brown irregular spot) and “Chantransia” phase (middle
arrow) as lightly incrusted with calcium carbonate (white puffs). 2. Stone from the Cetina River with
Heribaudiella thalii (left arrow, brown spot) and “Chantransia“” phase overgrowing Heribaudiella and
incrusting calcium carbonate (righ arrow, white puffs). 3. Material from the Una River with surface view
of one layer of Heribaudiella branching filaments. 4. Material from the Kupa-Kupari with plurilocular
sporangia developed on a stalk. 5. Material from the Kupa-Vukova Gorica with unilocular sporangia on
the tip of a vertical filament (arrowed cell). 6. Material from Cetina River with surface view of
Heribaudiella (brown) slightly overlapping and growing close to Hildebrandia (red). 7. Material from
the Kupa-Vukova Gorica with side view of erect filaments of Hildebrandia. 8. Material from the Kupa-
Vukova Gorica with details of filaments of the “Chantransia” phase. (Photos by N. Koleti¢)
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mostly related to members of the Characeae (e.g. Blazenci¢ & Randelovi¢, 1994;
Blazenci¢ & Blazenci¢, 2002; Blazenci¢ et al., 2006; Alegro et al., 2016a; Alegro et
al., 2016b), while other groups are poorly investigated. A few specific papers have
dealt with algological flora in fresh waters, emphasizing the limited number of
macroalgal species (Golubi¢, 1957; Marcenko, 1958; Matonic¢kin & Pavleti¢, 1961;
Pavleti¢ & Matonickin, 1965; Vili¢i¢, 1980; Plenkovi¢-Moraj, 1997; Stankovi¢ &
Leitner, 2015; Zuljevi¢ et al., 2016; Koleti¢ et al., 2017). So far there have been no
published reports on freshwater brown algae in Croatia.

The aim of our paper is to present the occurrence of Heribaudiella in
Croatia, and draw attention to its presence being mostly neglected in southeastern
Europe. Furthermore, we aimed at providing detailed descriptions of the environment
in which it grows, including the microhabitat and the co-occurring algae and at
presenting in detail the micro-diagnostic features of this species, as a useful guideline
for further identification of this inconspicuous taxon.

MATERIAL AND METHODS

Fieldwork was performed in Croatia on the rivers Kupa, Una and Cetina,
during 2009-2017, primarily as a part of an investigation monitoring macrophytic
vegetation. The investigated localities on the rivers Kupa and Una are situated in
their upstream, karst, mountainous fast-flowing sections. They belong to the Black
Sea Basin and are situated in the Continental Subecoregion of the Dinaric Ecoregion
of Croatia, while the Cetina River is a slow-flowing river situated in the karst
lowland of the Adriatic Sea Basin, classified in the Mediterranean Subecoregion of
the Dinaric Ecoregion of Croatia.

Collection of live material was carried out in September 2017 at the
confluence of Loskun Stream, a tributary of the Una River (N 44.695833,
E 15.956388; 243 m a.s.l.; hereafter: Una River), and in November 2017 in the
spring area of the Kupa River near Kupari village (N 45.504959, E 14.700611;
374 m a.s.l.; hereafter: Kupa-Kupari). Algae were collected from riverbeds along
with the stones to which they were attached, and the intact material was transported
to the laboratory. Live material was scraped off the stone surface with a razor blade,
analysed under the microscope with 40-1000x magnification, photographed and
identified according to Eloranta et al. (2011), John et al. (2011) and Wehr et al.
(2015). For the purpose of preservation, collected material was desiccated with silica
gel, and additionally some material was preserved with 4% formaldehyde and
deposited in herbarium ZA (Thiers, 2017).

After the initial discovery of these populations, samples from previously
visited locations were examined in more detail. Additional material attributed to
Heribaudiella was found in ZA herbarium collection, collected in May 2009 on the
lower course of the Cetina River (N 43.439026, E 16.751059; 10 m a.s.l.; hereafter:
Cetina River) and in July and December 2017 in the upper course of the Kupa River
near Vukova Gorica Village (N 45.456707, E 15.339435; 155 m a.s.l.; hereafter:
Kupa-Vukova Gorica). Even though the location on the Cetina River is just 6 km
from the confluence with the Adriatic Sea, conditions were not brackish.

A macrophyte vegetation survey of all sites was performed along 100 m of
the watercourse. Species coverage and abundance were assessed using the expanded
Braun-Blanquet scale (Barkman et al., 1964; Braun-Blanquet, 1964; Dierschke,
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1994), where category 2 was subdivided into 2m, 2a and 2b. The nomenclature of
the plant species follows Euro+Med Plantbase (2017). The physical and chemical
properties of water were recorded monthly by the Croatian State Institution for
Water Management “Hrvatske vode” during the period 2013-2017.

RESULTS

Brown crusts of Heribaudiella were detected on stones from four sites
shown in Fig 9. In Una River, thalli of Heribaudiella covered large surfaces of
submerged stones at the barriers with small waterfalls. Crusts were approximately
0.5-2 cm in diameter, unevenly scattered on the stone surface. On the stones from
the Kupa and Cetina Rivers, the alga was growing less abundantly, but with larger
thalli, 3-5 cm in diameter, overlapping with the encrusting red alga Hildenbrandia
rivularis (Liebmann) J. Agardh (hereafter: Hildenbrandia), which covered almost
the entire surface of several stones.

The microscopic examination of the Heribaudiella thalli has revealed the
following micro-structure: the thalli consist of irregularly branched filaments,
densely arranged into 5-10 layers of cells, forming a closed crusty structure. The
filament cells are 8-15 um wide and 22-26 um long, containing on average 8 (10)
spherical plastids, evenly distributed along the cell wall. The cells are 2 to 2.5 times
longer than they are wide, extending longitudinally towards the direction of the
filaments, and reducing towards the edge of the thalli, to attain an ultimate ratio of
1:1. Unilocular and plurilocular sporangia were found at the filament endings,
distributed along the edge of the thalli. Unilocular sporangia are approximately
25 pm wide and 25 pm long, containing approximately 8 (10) cylindrical, 10 um
long and 2 pm wide plastids, arranged in the apical part of the cell. Plurilocular
sporangia were detected developed on the stalks, growing from the spores released
on the edges of the thalli. Their cells are 18 pm wide and 10 um long, containing
approximately 8 (10) spherical plastids 5 um in diameter, evenly distributed within
the cell.

Furthermore, on these sites, abundant tufts firstly identified as Audouinella
pygmaea (Kiitzing) Weber-van Bosse (hereafter: “Audouinella”) were detected on
the surface of the Heribaudiella thalli (Fig 2 & Fig 8). Along with encrusted brown
and red algae, a large population of the golden macroalga Hydrurus foetidus (Villars)
Trevisan was also found, in fast flowing parts at Kupa-Kupari. All sites were
characterized by a predominantly coastal vegetation, and vegetation surveys of the
sites are given in Table 1. The physical and chemical properties of water are given
in Table 2.

Regarding the riverbed, all localities were characterized by mesolithal
(6-20 cm) and megalithal (20-40 cm) rocky substrate and tufa formations, the latter
especially common at Kupa-Vukova Gorica and the Una River. During the sampling,
water was approximately between 20 and 50 cm deep. Although the forest vegetation
was developed alongside the course, the particular sites with algae were unshaded.
The water was fast-flowing, especially at the natural barriers with small waterfalls.
Algal crusts were typically observed in the microhabitats characterized by the fastest
flow and an absence of other aquatic vegetation. Our vegetation surveys have shown
that at Kupa-Vukova Gorica, the macrophyte vegetation was growing in the same
segment of the riverbed, but in habitats with a slower flow than at the site inhabited
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DINARIC ECOREGION
MEDITERRANEAN SUBECOREGION

DINARIC ECOREGION
CONTINETNAL SUBECOREGION

PANNONIAN ECOREGION

1 - Kupa River, spring Kupari
(Heribaudiella-Hildenbrandia)

2 - Kupa River, the middle course
near Vukova Gorica Village
(Heribaudiella-Hildenbrandia)

3 - confluence of the Loskun Stream to the Una River
(Heribaudiella)

4 - Cetina River, the lower course
(Heribaudiella-Hildenbrandia)

Fig 9. Locations of H. fluviatilis in Croatia with specific associations. Locations 1-3 are
in the Black Sea Basin, location 4 is in the Adriatic Basin (the scale refers to the map
above).
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Table 1. Vegetation survey performed using the expanded Braun-Blanquet scale on the
Heribaudiella fluviatilis localities. Key for abundance ranks: R - 1-3 individuals; + - up
to 50 individuals, C<1,5%; 1 - abundant, 1,5%<C<3%; 2m - very abundant, 3%<C <5%j;
2a - 5%<C<15%; 2b - 15%<C<25%; 3 - 25%<C<50%; 4 - 50%<C<75%; 5 - C>75%
(C — cover).

Kupa K.u pa . s
River River Una River Cetina
(spring (middle (Loskun River
areq: course; Stream (lower
Kupa;’i) Vuk(?va Confluence) course)
Gorica)
algae
Chara sp. 2b
Cladophora sp. 1 2m
Heribaudiella fluviatilis (Aresch.) Sved. 1 2m 2b 2m
Hildenbrandia rivularis (Liebmann) J.Agardh + 2m 2m
Hydrurus foetidus (Villars) Trevisan 2m
Nostoc sp. 2m
Vaucheria sp. 1
“Chantarsia” phase of red algae + +
bryophytes
Cinclidotus aquaticus (Hedw.) Bruch & Schimp. 2b +
Cinclidotus fontinaloides (Hedw.) P. Beauv. 2m 1
Cinclidotus riparius (Host ex Brid.) Amn. 1 1
Cratoneuron filicinum (Hedw.) Spruce +
Fissidens sp. 2m
Fontinalis antipyretica Hedw. 2m 2b 1
Palustriella falcata (Brid.) Hedenis +
Rhynchostegium riparioides (Hedw.) Cardot 2b 2m + 2a
vascular plants
Agrostis stolonifera L. 1
Berula erecta (Huds.) Coville 3 +
Ceratophyllum demersum L.
Mentha aquatica L. 2m +
Myriophyllum spicatum L. 1
Mpyosotis scorpioides L. 1
Potamogeton lucens L. 1
Potamogeton nodosus Poir. 2m
Potamogeton perfoliatus L. 1
Potamogeton * salicifolius Wolfg. 2m
Ranunculus trichophyllus Chaix in Vill. + +
Sparganium emersum Rehmann 2a
Sparganium erectum L. 2a
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STONES WITH HERIBAUDIELLA-HILDENBRANDIA

AQUATIC PLANT AND BRYOPHYTE COMMUNITIES

Figs 10-14. 10. Habitats of H. fluviatilis on confluence of Loskun stream and the Una
River, 11. Cetina River, lower course, 12. spring area of the Kupa River near Kupari
village and 13. middle course of the Kupa River near Vukova Gorica village with 14.
graphically-tagged satellite image indicating the spatial distribution of the habitat and its
ecological elements (Photo by A. Alegro, V. Segota & N. Koleti¢).

by the algae, where macrophyte vegetation was lacking. In addition, in these parts
with slower water and macrophyte vegetation tufa deposits were especially abundant,
however, not on the stones covered with Heribaudiella, Hildenbrandia and
“Audouinella” thalli (Figs 10-13). Habitat conditions of Heribaudiella sites are
summarized in Fig 14.
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DISCUSSION

In spite of the extensive study of macrophyte vegetation performed in the
past in Croatia within the context of national water quality monitoring, encrusting
forms of algae were not recognized, since the monitoring scheme included only
more conspicuous branched and filamentous macroalgae. For this reason, our first
finding of Heribaudiella in Croatia was more or less coincidental. As in the
observations made by Holmes & Whitton (1975), the alga was probably overlooked
in many previously visited localities. The new records were the result of observing
the distinctive brown spots on stones in the Una River. This presumption was
confirmed after subsequent identification of the alga within some of the previously
collected samples. While studying the biogeography and ecology of Heribaudiella
in North America, Wehr & Stein (1985) concluded that the current world distribution
of this species is probably incomplete simply because crust-forming algae are less
conspicuous and receive less attention than filamentous forms. The same authors
report that after a systematic survey of streams and rivers of the United Kingdom,
Heribaudiella was recorded in as many as 13% of surveyed sites (Wehr & Stein,
1985). All these findings point out to the importance of comprehensive, systematic
studies in determining the actual distribution of this alga in various regions.

So far, few records of Heribaudiella have been made in southeastern
Europe. Anagnostidis (1968) reports two records from Greece, with no further
descriptions other than the name of the localities. More recently, five records have
been provided for Bulgaria by Stoyneva et al. (2003), describing the thalli and
habitats of recorded populations. Our findings represent the second record in
southeastern Europe within the Black Sea Basin, and the first record related to
watercourses in the Adriatic Basin. New findings suggest that the alga has a much
wider distribution than currently recorded, and may be even quite common in
southeastern Europe, but systematic studies of its distribution are needed to support
this presumption. Along with the detailed description of its habitat, micro-diagnostic
features of the thalli presented in this study can serve as a useful guideline for
further recognition of this alga. Regarding the size of the filament cells, we found
slightly wider and shorter cells than the standard values described by Eloranta et
al. (2011). Furthermore, we recorded a more regular, spherical form of the unilocular
sporangia, rather than the cylindrical form described by Eloranta et al. (2011).
Differences in cell dimensions are sometimes used for describing morphotypes
(Hansring, 1905; Skuja, 1925; Waern, 1938, 1949; Israelson, 1938), and further
morphometric studies of southeastern European populations might employ this
possibility.

Heribaudiella has been documented often to co-occur with the red alga
Hildenbrandia, usually as Heribaudiella overgrowing crusts of Hildenbrandia
(Budde, 1927; Fritsch, 1929; Geitler, 1932; Kusel-Fetzmann, 1996). The combined
distribution of Hildenbrandia and Heribaudiella in Europe was first described by
Budde (1927) and later described in more detail by Fritsch (1929; as the
Hildenbrandia-Lithoderma association). The combined growth of Heribaudiella-
Hildenbrandia had been recorded mainly from northern and central Europe (Skuja,
1925; Budde, 1927; Fritsch, 1929; Geitler, 1932; Waern, 1938; Kann, 1966; Holmes
& Whitton 1977 a,b,c; Kusel-Fetzmann, 1996) while in southern Europe these two
species have so far been reported separately (Margalef, 1953; Anagnostidis, 1968;
Robert, 1976; Sabater et al., 1989; Dell’lUomo 2001). Nevertheless, our records
from southeastern Europe confirm the findings of Stoyneva et al. (2003) that the
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Heribaudiella-Hildenbrandia association occurs in more southern parts of Europe
as well.

Our findings also represent new records of the red alga Hildenbrandia in
Croatia. We suggest that Hildenbrandia may also be more common in Croatian
watercourses than has been recorded thus far (Golubi¢, 1957; Matonickin & Pavletic,
1961; 1962; 1967), but no systematic studies have been undertaken to record its
presence. Regarding habitat characteristics, Heribaudiella seems to prefer faster-
flowing parts of rivers and streams, combined with the absence of water macrophyte
vegetation. Interestingly, we have found the alga in extremely karstic environments,
in which tufa formations were observed, notably in the Kupa and Una rivers.
Although the alga was not colonizing the actual tufa, the environment at these two
sites was extremely prone to tufa-formations in areas of reduced current; this is a
river system not previously reported as a suitable environment for this species.

The record of “Audouinella” indicates the presence of several other algae
within the recorded community. Namely, the thalli identified as 4. pygmaea is
actually the ”Chantransia” (i.e. sporophyte) phase of some Batrachospermales or
Thoreales (Chiasson et al., 2005; Necchi and Oliveira, 2011), mainly of
Batrachospermum genus. This finding is in line with what was previously known,
as the occurrence of the “Chantransia” phase on the thalli of Heribaudiella is
occasionally recorded in nature (Svedelius, 1930; Pueschel & Stein, 1983; Wehr &
Stein, 1985). Although we searched the riverbed along a wider area within the
watercourse, we found no evidence of the corresponding gametophyte which would
enable the identification. Thus, we could not identify the exact species associated
with the ”Chantransia” phase, and further studies might be needed to resolve this
issue. In locations where “Audouinella” was also present with Heribaudiella and
Hildenbrandia, it is interesting to note that calcium carbonate was slightly deposited
on the “Audouinella” tufts, while the other two species showed no sign of calcium
carbonate deposits. This is not surprising, since it is known that precipitation occurs
on the wrinkled surfaces where a larger amount of periphyton is deposited; therefore
the tufted growth form of “Audouinella” may enhance the precipitation of dissolved
minerals from water. During microscopic analysis, on the surface of Heribaudiella-
Hildenbrandia no microscopic periphyton was detected apart from “Audouinella”
tufts.

Based on the physical and chemical parameters presented in this study and
in comparison with past studies (Wehr & Stein, 1985; Wehr, 2015), we generally
describe Heribaudiella as a eurythermal freshwater species. In Croatia, it was
recorded in watercourses of various thermal conditions; from cold mountainous
areas of 4°C to warm slower flows with temperatures up to 25°C. On the other
hand, the pH spectrum and nutrient levels have shown more narrow ranges, whereas
the species was recorded in conditions with pH generally between 7 and 8, and on
average low concentrations of nutrients and moderate conductivity, supporting
previous records (Wehr & Perrone, 2003). This generally broad range of environmental
preferences across its range corroborates our conclusions that the lack of recognition
of this alga from Croatian studies for over a century is most probably due to its
inconspicuous thallus. Without further examination, this species can easily remain
unnoticed, under-collected and under-reported. More likely, Heribaudiella is more
likely a widespread species, the distribution of which has been insufficiently
investigated across its range.
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CONCLUSION

The study represents a significant contribution to the knowledge of
freshwater algae in Croatia, being the first record of freshwater brown algae in
general, and accordingly the first record of Heribaudiella. Also, the red alga
Hildebrandia was reported here with new locations and habitat descriptions. In
addition to detailed descriptions of Heribaudiella thalli and habitats, the study finds
that the alga occurs in extremely karstic habitats, a condition not previously reported
for this species. Although our records are among the very few reports of Heribaudiella
in southeastern Europe, we firmly believe that the alga is generally much more
frequent, but systematically under-researched. Therefore we recommend specific,
comprehensive studies of its distribution in order to get a better understanding of its
wider distribution.
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