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Two new sites with benthic freshwater alga Hydrurus foetidus (Villars) Trevisan have been discovered 
in Dinaric Ecoregion of Croatia. The sites are located in two karst watercourses: Kupa River and Slušnica 
River. Both sites are non-shadowed aquatic habitats, with developed vegetation characteristic for clear, 
running waters. The alga was found during summer months at its disintegration stage, and during 
autumn at the beginning of its growing stage. In the Kupa River, incrusted calcium carbonate was found 
within the thalli of H. foetidus. After the first known record in Bijela Rijeka River from 2015, our findings 
represent the second and the third known localities of this species in Croatia. Even though the vegeta-
tion composition indicates high ecological status of the sites, future anthropogenic impacts and cli-
matic changes could become a threat to this underexplored species in Croatia.
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novodne zlatnožute alge Hydrurus foetidus (Villars) Trevisan (Ochrophyta: Chrysophyceae) u Hr-
vatskoj. Nat. Croat., Vol. 26, No. 2, 305-311, 2017, Zagreb.

Dva nova nalaza bentičke slatkovodne alge Hydrurus foetidus (Villars) Trevisan zabilježena su u 
dinarskoj ekoregiji u Hrvatskoj. Nalazi su locirani u dva krška vodotoka: rijeka Kupa i Slušnica. Na 
oba istražena nalazišta alga raste na nezasjenjenim staništima s vodenom vegetacijom makrofita ka-
rakterističnom za čiste tekuće vode. Alga je uočena tijekom ljeta u fazi raspadanja talusa te tijekom 
jeseni u početnoj fazi rasta. Na talusu jedinki iz rijeke Kupe primijećen je inkrustat kalcijevog karbo-
nata. Nakon nalaza u Bijeloj rijeci 2015. godine, ovi nalazi predstavljaju drugi i treći nalaz ove rijetke 
vrste u Hrvatskoj. Iako sastav vegetacije ukazuje na vrlo dobro ekološko stanje na oba nalazišta, mo-
gući antropogeni pritisci i klimatske promjene u budućnosti mogli bi ugroziti ovu nedovoljno istraže-
nu vrstu u Hrvatskoj.

Ključne riječi: bentos, slatkovodna, makroalga, rijeka Slušnica, rijeka Kupa  

INTRODUCTION
Hydrurus foetidus (Villars) Trevisan is a large (10–30 cm), branched, benthic freshwater golden algae 

(Ochrophyta: Chrysophyceae), distributed worldwide (Wehr & Sheath, 2003), but restricted to cold 
mountain streams in early spring and lowland rivers at latitudes with cold, homogeneous climatic 
conditions (Klaveness et al., 2011; Klaveness, 2017). In climates with defined seasons, the algae is 
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mainly found in cold conditions; in springtime during snowmelt when daylight starts to increase, dur-
ing summer/autumn in rivers flowing along glacial landscapes (Ward, 1994; Rott et al., 2006a) or in 
the cold running waters in the mountains (Cantonati et al., 2006). Hydrurus foetidus is easily recogniz-
able at the time of emerging bloom from March to April, due to its brown colour and the gelatinous 
thalli. However, as the temperatures increase, competing green algae start to dominate and can easily 
occupy the watercourse bed, therefore H. foetidus can be difficult to detect during summer months (Rott 
et al., 2006b).

The optimal temperature for its growth is between 2 and 12°C (Kawecka, 1981); when the water 
temperature rises to 16°C the thalli begin to fragment and disappear (Bursa, 1934; Kann, 1978). It was 
previously reported that H. foetidus forms numerous conglomerations in open habitats, while its abun-
dance drastically decreases in the shade (Kawecka, 2003); however, some authors reported its occur-
rence even under ice (Squires et al., 1973). 

According to Guiry (2017) and Klaveness (2017), H. foetidus is mostly widespread in the northern 
hemisphere, with a large number of records in Europe, especially Austria, France, Great Britain, Italy, 
Norway, Poland, Russia, Switzerland, Spain, Sweden and Turkey. In Croatia, H. foetidus was firstly 
recorded in 2015 on a single site in the Bijela Rijeka River in the Plitvice Lakes National Park (Stanković 
& Leitner, 2016). In spite of many known sites of this species in Europe, descriptions of its adaptations 
to different habitats and ecological conditions are still mostly missing. Therefore, these records are 
filling the gaps in knowledge and confirming it as coldwater habitant in mountainous rivers of Di-
naric karst as well.

MATERIAL AND METHODS

Study area
Field work was performed on August 3rd 2016 and November 23rd 2017 in the spring area and upper 

course of the Kupa River (N 45.504959, E 14.700611), near village Kupari, and on July 20th 2017 in the 
spring area of the Slušnica River (N 45.07963, E 15.58955). Both rivers are karst mountainous water-
courses, belonging to the Black Sea watershed, situated in the Continental Subecoregion of the Di-
naric Ecoregion of Croatia (Hrvatske Vode, 2015). Also, they are a part of the NATURA 2000 ecologi-
cal network (National Gazette, 124/2013, 105/2015). According to the biotic type, both rivers belong 
to the category HR-R-7 – mountainous and hilly medium and large watercourses (National Gazette, 
73/2013, 151/2014, 78/2015). 

The karst limnocrenic spring of the Kupa River is situated in the Risnjak National Park in the moun-
tainous area of Gorski Kotar, on 374 m a.s.l. In the upper flow, the Kupa River runs fast through the 
narrow forest canyon, slowing down after a few kilometres. 

The Slušnica River is the left tributary of the Korana River, about 6 km long (Hrvatska Agencija 
Za Okoliš I Prirodu, 2015). Its abundant karst spring is situated on 270 m a.s.l. in the hilly area of Lika. 
It starts as a small lake in the central part of the natural amphitheatre, followed by the artificial dam, 
canyon and rich travertine waterfalls. 

Sampling and analysis of algae and macrophyte vegetation
The algal material was collected from riverbeds of both rivers. Live material was identified accord-

ing to Wehr et al. (2015) and Starmach (1985), photographed and transported to the laboratory. For 
microscopic analysis 15–650× magnification was used. Additional material was collected for preserva-
tion with 4% formaldehyde and desiccation with silicagel. The collected material was deposited in 
herbarium ZA (Thiers, 2016). A vegetation survey was performed along 50 m of the watercourse. 
Species coverage and abundance were assessed using the expanded Braun-Blanquet’s scale (Braun-
Blanquet. 1964; Barkman et al., 1964; Dierschke, 1994), where category 2 was subdivided into 2m, 2a 
and 2b. The nomenclature follows EURO+MED PLANTBASE (2017).

RESULTS AND DISCUSSION
We have found H. foetidus on two sites, characterized by mesolithal and megalithal substrata and 

abundant aquatic vegetation typical for spring areas. The physical and chemical properties of water (Tab. 
1) were recorded monthly by the State Institution for Water Management “Hrvatske vode” in 2013.
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Watercourse of the Kupa River, 1.0 - 2.5 km downstream from the spring is approximately 30 m wide 
and, at the time of our visit, 20 to 70 cm deep. The riverbed was covered only with bryophytes and mac-
roalgae (Fig. 1). The phytosociological relevé of the Kupa River site is: bryophytes – 2b Cinclidotus aquat-
icus (Hedw.) Bruch & Schimp., 2b Rhynchostegium riparioides (Hedw.) Cardot, 2m Cinclidotus fontinaloides 
(Hedw.) P. Beauv., 1 Cinclidotus riparius (Host ex Brid.) Arn., + Cratoneuron filicinum (Hedw.) Spruce, + 
Palustriella falcata (Brid.) Hedenäs; algae – 2m Hydrurus foetidus, 1 Cladophora sp., 1 Vaucheria sp. 

Tab. 1. Physical and chemical properties of water on the localities of H. foetidus in 2013 based on 
monthly measurements (Data source: Hrvatske vode).

 Kupa River Slušnica River

Parameter Range Mean Range Mean

Temperature (°C) 2.0-12.0 7.6 2.9-15.8 10.9

pH 8.0-8.3 8.2 7.8-8.0 8.0

Electrical conductivity (μS/cm) 239-283 266 407-449 433

Dissolved oxygen (mgO₂/L) 11.6-13.5 12.4 10.1-12.2 11.1

Oxygen saturation (%) 91.8-107.8 103.3 85.2-108.7 100.4

Ammonium (mgN/L) <0.0100-0.0240 0.0136 <0.0100-0.0340 0.0209

Nitrates (mgN/L) 0.4700-0.8800 0.6214 0.4200-1.0800 0.7144

Total nitrogen (mgN/L) 0.5300-0.9200 0.6786 0.6600-1.1000 0.8178

Orthophosphates (mgP/L) <0.005 <0.005 <0.005 <0.005

Total phosphorus (mgP/L) <0.025 <0.025 <0.025-0.030 <0.025

Fig. 1. The habitat of H. foetidus in Kupa River in August 2016 (photo by A. Alegro).

On the second location, the spring area of the Slušnica River, vegetation of vascular plants is richer. 
The site is located 200 m downstream from the spring, where the watercourse is approximately 20 m wide 
and, at the time of our visit, 30 to 100 cm deep (Fig. 2). The phytosociological relevé of Slušnica River site 
is: vascular plants – 2b Berula erecta (Huds.) Coville, 2a Apium repens (Jacq.) Lag., 2a Mentha aquatica L., + 
Sparganium erectum L.; bryophytes – 4 Cratoneuron filicinum, 2b Cinclidotus aquaticus (Hedw.) Bruch & 
Schimp., 2a Rhynchostegium riparioides, 2a Palustriella falcata; algae – + Hydrurus foetidus.



308	 Koletić,	N.	et al.: New sites of rare cold-water golden algae Hydrurus foetidus in Croatia

At both locations, H. foetidus was attached to large rocks in a fast running water. During the field re-
search in the Kupa River in August of 2016, the population was abundantly developed with approxi-
mately 10 cm large thalli, but at the disintegration stage. When observed microscopically, the thalli of this 
population has revealed a parallel pattern of calcium carbonate incrustation, following the direction of 
the thalli.

The ribbon-like incrustates are located on the surface of the polysaccharide coating and connect sev-
eral branches of the alga. There were no observed deposits of calcified algae in the riverbed or sediment 
and we can assume that after the disintegration stage in late summer, this calcified incrustates are washed 
away by the river flow. During the second research of the Kupa River, in November of 2017, thalli were 
approximately 5 cm long and this time at the beginning of its growing stage, with no incrusted parts (Fig. 
3). In the Slušnica River the thalli were even larger, approximately 15 cm long, but the population was 
scarce. Described vegetation in both rivers, including H. foetidus, confirms high water quality according 
to national methodology for assessment of ecological status (National Gazette, 73/2013, 151/2014, 
78/2015), which is not particularly surprising for the spring areas of mountainous rivers without any 
anthropogenic influence. Particular emphasis is placed on the recorded Apium repens, a rare helophyte 
species in Croatia, which was recorded also by the second and the third author on Mrežnica, Tounjčica, 
Crna rijeka and Dretulja River (unpublished).  

The total number of findings of H. foetidus, including the previous finding by Stanković & Leitner 
(2016), is presented in Fig. 4. Vegetation monitoring of karst rivers is performed mostly during the sum-
mer and does not coincide with the season of intensive growth of H. foetidus. Therefore, it is quite pos-
sible that many locations have gone unnoticed. Contrary to most other sessile freshwater algae, H. foetidus 
prefers winter conditions in rivers and brooks where temperature is near 0° C. 

In the Kupa River, H. foetidus was found during autumn, which suggests that it may also develop 
during short-day conditions. The deficit in available light is additionally present due to the location of 
the area. Namely, it is situated in the canyon, where only diffuse light is available during autumn and 
winter.

CONCLUSION
Knowledge about the ecology of the species (Klaveness, 2017; Krizmanić, et al. 2008; Johansson, 

1982), general characteristics of karst rivers (Bonacci et al., 2013; Cantonati et al., 2006; Sabater et al., 
1995;) and the large number of karst watercourses in the Dinaric Ecoregion, indicate that these may not 
be the only localities of this species in Croatia. With the increase of anthropogenic impacts and cli-
matic changes, it is necessary to conduct a more thorough research of the occurrence of freshwater 

Fig. 2. The habitat of H. foetidus in Slušnica River in July 2017 (photo by A. Alegro). 



Nat. Croat. Vol. 26(2), 2017 309

Fig. 3. Thalii of H. foetidus collected in Kupa River in November 2017 (A – D; live material) in its grow-
ing stage and in August 2016 (E,F: fixed material) with calcium carbonate incrustation in its disintegra-
tion stage (A,B: 100×, scale - 40μm; C: 400×, scale - 20μm; D: 650×, scale - 20μm; E,F: 15×, scale – 0,5 mm) 
(photo by N. Koletić). 
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benthic macroalgae, which not only indicate high water quality, but also the stability of the aquatic 
ecosystems. We emphasize the importance of further exploration of mountainous rivers, which can 
provide information on new locations of H. foetidus, and other benthic macroalgae, which obviously 
represent a vulnerable species in an already vulnerable and unexplored group of organisms in Croatian 
phycology. In conclusion, it is important to conduct comprehensive phycological studies of mountain 
streams, especially at the same locations during different seasons.
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