
























Table 1. List of all the diatom taxa found in springs ofthe Gesäuse National Park with indications on the numbers ofvalves counted or ofthe abundance assessed following the 1-to-5 
descriptor scale for abundance estimates (EN 15708 2009; numbers in Italics), on their distribution and autecology, and a comparison with the diatom microflora found in springs of 
the Dolomiti Bellunesi (DBNP) and Berchtesgaden (BNP) National Parks. SAb = Standard Abbreviations for diatom genera proposed by Simkhada (2006); those in brackets were 
made ex novo since not available in that publication. St = Stones; Br = Bryophytes; De = Debris + surface sediment; RS = rocky surface. o = observed while scanning the permanent 
mounts but not encountered during the counts. 

Springcode 
Substratum (support) 
Achnanthes trinodis (W. Smith) Grunow 
Achnanthidium affine (Kützing) Czamecki 
Achd. dolomiticum Cantonati & Lange-Bertalot 
Achd. inconspicuum 0strup 
Achd. minutissimum (Kützing) Czarnecki & species group 
Achd. neomicrocephalum Lange-Bertalot & F. Staab 
Achd. pfisteri Lange-Bertalot 
Achd. pyrenaicum (Hustedt) Kobayasi 
Achd. strictum Reichardt 

Adlafia bryophila (Petersen) Lange-Bertalot 
Adal. minuscula (Grunow) Lange-Bertalot var. minuscu/a 

Amphora copulata (Kützing) Schoeman & Archibald 
Amph. inariensis Krammer 
Amph. lange-bertalotii Levkov & Metzeltin 
Amph. ovalis (Kützing) Kützing 
Amph. pediculus (Kützing) Grunow 
Amph. sp. "long&slender" 

Brachysira calcicola ssp. pfisteri Lange-Bertalot & Werum 
Galoneis alpestris (Grunow) Cleve 
Calo. fontinalis Lange-Bertalot & Reichardt 

Ca/o. tenuis (Gregory) Krammer 

Cocconeis placentula var. euglypta (Ehrenberg) Grunow 
Coca. pseudolineata (Geitler) Lange-Bertalot 

Cymbella excisa var. angusta Krammer 
Cymb. hantzschiana Krammer 

Cymb. vulgata var. plitvicensis Krammer 

Gymbopleura austriaca Grunow var. austriaca 

Cymp. diminuta (Grunow) Krammer 
Cymp. subaequalis (Grunow) Krammer 

Cymp. subaustriaca Krammer 
Delicata delicatula (Kützing) Krammer 
Delicata minuta Krammer 
Denticu/a kuetzingii Grunow 

Denticula tenuis Kützing 
Diadesmis contenta (Grunow) D.G. Mann 
Diad. paracontenta Lange-Bert. & Werum ssp. paracontenta 

Diad. perpusilla (Grunow) D.G. Mann 
Diatoma hyemalis (Roth.) Heiberg 

Diat. mesodon (Ehrenberg) Kützing 
Dipfoneis krammeri Lange-Bertalot & Reichardt 

Dipioneis oculata (Brebisson) Cleve 

Encyonema alpiniforme Krammer 
Ency. alpinum (Grunow) D.G. Mann in Round et al. 

Ency. minutum (Hilse ex Rab.) D.G. Mann 
Ency. sublangebertalotii Lange-Bertalot & Cantonati 
Ency. ventricosum (Agardh) Grunow in A. Schmidt 
Encyonopsis cesatii (Rabenhorst) Krammer 
Encs. falaisensis (Grunow) Krammer 
Encs. microcephala (Grunow) Krammer 

Encs. minuta Krammer & E. Reichardt 
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- \"1 - - -
Eucocconeis laevis (0strup) Lange-Bertalot Euco. 7 . 3 1 3 
Eunotia arcubus Nörpei-Schempp & Lange-Bertalot Euno. 134 1 G 3 2 -
Fragi/aria distans (Grunow) Bukhtiyarova Frag. 2 102 (G) - - -
Frag. parasitica (W. Smith) Grunow var. parasitica 0 

.. 2 4 4 
Gomphonema angustum Agardh Gomp. 3 56 14 V - 1 4 
Gomp. lateripunctatum Reichardt & Lange-Bertalot 2 53 V 3 1 4 
Gomp. micropus Kützing 1 1 . 3 5 4 
Gomp. pumilum var. elegans E. Reichardt & Lange-Bert. 1 5 (V) - - -
Gomp. pumilum var. elegans "Kümmerformen" 3 (R) - - -
Gyrosigma acuminatum (Kützing) Rabenhorst 1 V 2 5 5 
Luticola mutica ( Kützing) D.G. Mann Luti. 3 1 1 1 1 .. 4 5 3 
Meridian circulare (Grev.) C.A. Agardh var. circulare Meri. 3 2 3 2 56 2 1 5 .. 1 7 4 
Navicula antonii Lange-Bertalot Navi. 1 1 (*) - - -
Navi. aquaedurae Lange-Bertalot 1 . - - -
Navi. cataracta-rheni Lange-Bertalot 84 1 12 3 1 5 3 2 1 17 (G) - - -
Navi. cryptotene/la Lange-Bertalot 1 5 1 0 

. 2 7 4 
Navi. leistikowii Lange-Bertalot 1 1 1 1 0 G - - -
Navi. spp. 2 1 - - - -
Naviculadicta cf. brockmannii Hustedt 1 G 4 - 3 
Naviculadicta cf. difficillima Hustedt 1 G 3 2 2 
Naviculadicta raederae Lange-Bertalot 18 (D) - - -
Neidiomorpha sp. 1 G - - -
Nitzschia acidoclinata Lange-Bertalot 1 . 3 3 3 
Nitz. dissipata (Kützing) Grunow 5 1 3 1 1 1 .. 3 4 4 
Nitz. cf. harderi Hustedt 1 R - - -
Nitz. linearis (Agardh) W. Smith 1 1 12 1 0 3 .. 3 4 4 
Nitz. perminuta (Grunow) Peragallo 6 1 3 . 3 2 2 
Nitz. spp. 5 1 1 1 - - - -
Pinnularia oriunda Krammer Morphetype 2 3 G - - 3 
Planothidium dubium (Grun.) Round & Bukht. Plan. 2 1 1 . - - -
Plan. lanceolatum (Bn§bisson ex Kütz.) Lange-Bert. 4 2 2 1 29 2 2 217 .. 3 5 4 
Plan. reichardtii Lange-Bertalot & Werum 1 1 (*) - - -
Platessa conspicua (A. Mayer) Lange-Bertalot 2 2 3 4 1 
Psammothidium grischunum (Wuthrich) Bukhtiyarova et Round Psam. 113 1 94 1 2 1 4 .. 3 3 -
Reimeria sinuata (Gregory) Kociolek & Stoermer Reim. 1 2 .. 3 3 3 
Reimeria sinuata 6.5 ~m "no-heads" 22 (R) - - -
Rossithidium petersenii (Hust.) Round & Bukht. Rosi. 5 2 3 - 1 3 
Sellaphora hustedtii (Kras.) Lange-Bert. & Werum 1 R - 4 2 
Sela. cf. pseudopupula (Krasske) Lange-Bertalot 1 1 1 G - - -
Staureneis smithii Grunow 1 . 3 7 4 
Stni. sp. 1 - - - -
Stni. cf. pseudagrestis Lange-Bertalot & Werum 1 (R) - - -
Stni. thermicola (Peters.) Lund 1 1 . 4 7 3 
Surirella linearis W. Smith 4 . 3 2 3 
Suri. spiralis Kützing Suri. 3 V 3 1 3 
Suri. terricola Lang e-Bertalot & Alles 2 1 1 (V) - - -
Tetracyclus rupestris (Braun) Grunow Tecy 0 G - - -
Ulnaria ulna (Nitzsch) Compere Ulna. 12 . 2 7 4 
Total Number of valves counted 559 513 506 518 475 539 
Total Number oftaxa counted 21 23 15 26 10 21 24 23 13 11 10 17 18 23 
Total Number of taxa observed 21 23 15 30 10 22 24 23 13 11 10 17 22 27 

RL = Red List species (Lange-Bertalot I 996), I = threatened with extinction, 2 = severely endangered, 3 = endangered, V= decreasing, G = presumed endangered, R = extremely rare, D = data scarce, * = at present not 

considered threatened, ** = surely not threatened; (V, G, R) = taxa supposed tobe rare by the Authors (H.L.-B. & M.C.) on the basis of experience and I or the Iiterature. Ecological preferences according to van Dam et al. 
(I 994). M = Maisture preferences. I = a!most never occurring outside water bodies, 2 = mainly occurring in water bodies, 3 = mainly occurring in water bodies + regularly on wet places, 4 = mainly occurring on wet places, 5 
= nearly exclusively occurring outside water bodies. T = trophic preferences. I = oligotraphentic, 2 = oligo.-mesotraph., 3 = mesotraphentic, 4 = meso.-eutraphentic, 5 = eutraphentic, 7 = oligo. to eutraphentic. pH = pH 

preferences: I= acidobiontic (<5.5), 2 = acidophilous (<7), 3 = circumneutral (about 7), 4 = alkaliphilaus (>7). DB = comparison with the taxa found in springs in the DBNP and BNP. "B" = means sampled as weil in the 

BNP; "=" means sampled as weil in the BNP andin the DBNP. 
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Table 2. List of all diatom taxa found in the mire pool studied in the Gesäuse 
National Park with indications on their distribution and autecology. Br = 

Bryophytes; De = Debris + surface sediment. o = observed while scanning 
the permanent mounts but not encountered during the counts. 

JAMOT Rl M T pH 

De Br 

Taxon 

Achnanthidium minutissimum (Kützing) Czarnecki 
1 3 ** 3 7 3 & species group 

Aulacoseira alpigena (Grunow) Krammer 4 G 1 1 2 

Brachysira intermedia (0strup) Lange-Bertalot 2 (G) - - -
Galoneis sp. 0 - - - -

Encyonema lunaturn (W. Smith) Van Heurck 1 3 3 2 2 

Encyonema neogracile Krammer 1 0 (G) - - -
Encyonema perpusil/um (Cieve-Euler) D.G. Mann 7 2 3 4 1 2 

Eunotia kruegeri Lange-Bertalot 6 1 (R) - - -
Eunotia neocompacta Mayama 10 3 3 - 1 2 

Eunotia pa/udosa Grunow var. pa/udosa 24 204 V 4 1 1 

Eunotia paratridentula Lange-Bertalot & Kulikovskiy 2 1 * - - -

Eunotia subarcuatoides Alles et al. 1 ** 3 1 1 

Eunotia tenella (Grunow) Hustedt 1 V 3 1 2 

Eunotia superpa/udosa Lange-Bertalot nom. prov. 1 (D) - - -

Frustulia crassinervia (Brebisson) Lange-Bertalot 30 19 V 3 1 1 

Frustulia saxonica Rabenhorst 318 157 V 3 1 1 

Gomphonema utae Lange-Bertalot & Reichardt 0 D - - -
Kobayasiella micropunctata (Germain) Lange-

17 192 (R) - - 1 
Bertalot 

Kobayasiella parasubtilissima (Kobayasi & Nagumo) 
4 V 3 1 1 Lange-Bertalot 

Kobayasiella subti/issima (Cieve) Lange-Bertalot 2 3 3 1 1 

Navicu/adicta cf. difficil/ima Hustedt 0 G 3 2 2 

Neidium sp. 0 - - - -
Nitzschia acidoc/inata Lange-Bertalot 0 * 3 3 3 

Nitzschia perminuta (Grunow) M. Perag. 5 * - - 2 

Pinnularia microstauron (Ehrenberg) Cleve 1 1 V 3 7 3 

Pinnu/aria rupestris Hantzsch 3 9 G 3 1 3 

Tabellaria f/occu/osa (Roth) Kützing 1 ** 3 3 2 

Total Number of valves counted 435 599 

Total Number of taxa counted 19 14 

Total Number of taxa observed 23 16 

RL =Red List species (Lange-BeJtalot 1996), I = threatened with extinction, 2 = severely 
endangered, 3 = endangered, V = decreasing, G = presumed endangered, R = extremely rare, D 
= data scarce, * = at present not considered threatened, ** = surely not threatened; (V, G, R) = 
taxa supposed tobe rare by the Authors (H.L.-B. & M.C.) on the basis of experience and I or the 
literature. Ecological preferences according to van Dame/ a/. (1994). M = Maisture 
preferences. 1 = almost never occurring outside water bodies, 2 = mainly occuning in water 
bodies, 3 = mainly occuning in water bodies + regularly on wet places, 4 = mainly occuning on 
wet places, 5 = nearly exclusively occurring outside water bodies. T = trophic preferences. 1 = 
oligotraphentic, 2 = oligo.-mesotraph., 3 = mesotraphentic, 4 = meso.-eutraphentic, 5 = 
eutraphentic, 7 = oligo. to eutraphentic. pH = pH preferences: 1 = acidobiontic (<5.5), 2 = 
acidophilous (<7), 3 = circumneutral (about 7), 4 = alkaliphilous (>7). 



Table 3. List of all diatom taxa found in the ephemeral pools studied in the Gesäuse National Park 
with indications on their distribution and autecology. De = Debris + surface sediment. o = observed 
while scanning the permanent mounts but not encountered during the counts. 

Taxon 

Chamaepinnularia mediocris (Krass.) Lange-Bert. 

Craticula cf. riparia var. mollenhaueri Lange-Bertalot 

Craticula cf. submo/esta (Hustedt) Lange-Bertalot 

Diadesmis cf. brekkaensis (Krasske) D.G.Mann 

Cymbopleura cf. citrus (Carter & Bailey-Watts) Krammer 

Eolimna minima (Grunow) Lange-Bertalot 

Eo/imna tantula (Hustedt) Lange-Bertalot 

Eunotia curtagrunowii Nörpei-Schempp & Lange-Bertalot 

Eunotia exigua (Breb.) Rabenh. 

Eunotia cf. fa/lax A. Cleve sensu auct. 

Eunotia nymanniana Grunow lectotype 

Eunotia sp. FRIED 

Eunotia sp. TITUE2 

Eunotia neocompacta var. vixcompacta Lange-Bert. 

Hantzschia abundans Lange-Bert. 

Luticola cf. mutica (Kützing) D.G. Mann 

Mayamaea cf. fossalaides (Hustedt) Lange-Bertalot 

Mayamaea sp. "köpfig" 

Naviculadicta cf. difficillima Hustedt 

Navicu/adicta cf. opportune Hustedt 

Neid/um a/pinum Hustedt 

Neidium cf. ampliatum (Ehr.) Krammer 

Neidium cf. Neidium sp. pag. 202 Antoniades et a/. 

Neidium cf. dubium (Ehr.) Cleve 

Neidium longiceps (Gregory) R. Ross 

Nitzschia cf. gracilis Grunow 

Nitzschia pa/ea var. debilis (Kützing) Grunow 

Pinnu/aria borea/is Ehrenberg 

Pinnu/aria cf. gibberufe Ehrenberg 

Pinnu/aria lata (Brebisson) Rabenhorst 

Pinnu/aria microstauron (Ehrenberg) Cleve 

Pinnu/aria perirrorale Krammer 

Pinnu/aria sinistre Krammer 

Planothidium lanceolatum (Brebisson ex Kütz.) Lange-Bert. 

Sellaphora sp. "no bars" 

Sellaphora sp. "pupu/a" group "ganz zarte" 

Sellaphora sp. 

Stauroneis cf. hassiaca "spitz vorgezogen" 

Staureneis cf. hassiaca "stumpf vorgezogen" 

Stauroneis thermicola var. /anceolata (Hust.) Hust. 
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RL ~Red List species (Lange-Bertalot 1996), I~ threatened with extinction, 2 ~ severely endangered, 3 ~ endangered, V~ 

decreasing, G ~ presumed endangered, R ~ extremely rare, D ~ data scarce, * ~ at present not considered threatened, •• ~ 
surely not threatened; (V, G, R) ~ taxa supposed tobe rare by the Authors (H.L.-B. & M.C.) on the basis ofexperience and I or 
the literature. Ecological preferences according to van Dam et al. (1994). M ~ Moisture preferences. I ~ almost never 
occurring outside water bodies, 2 ~ mainly occurring in water bodies, 3 ~ mainly occurring in water bodies + regular1y on wet 
places, 4 ~ mainly occurring on wet places, 5 ~ near1y exclusively occurring outside water bodies. T ~ trophic preferences. 1 ~ 

oligotraphentic, 2 ~ oligo.-mesotraph., 3 ~ mesotraphentic, 4 ~ meso.-eutraphentic, 5 ~ eutraphentic, 7 ~ oligo. to eutraphentic. 

pH ~ pH preterences: 1 ~ acidobiontic (<5.5), 2 ~ acidophilous (<7}, 3 ~ circumneutra1 (about 7), 4 ~ a1ka1iphilous (>7}. 



Table 4. List of all diatom taxa found in Lake Sulzkarsee (stones, -0.2m) in the Gesäuse National 

Park with indications on their distribution and autecology. Genera are abbreviated using the 

standard abbreviations proposed by Simkhada (2006). 

Sulzkarsee -
Taxa 0.2 m, RL M T pH L G 

epilithon 

Achnanthidium inconspicuum 0strup 21 (*) 

Achd. minutissimum (Kützing) Czarnecki & species group 56 3 7 3 

Adlafia bryophila (Petersen) Lange-Bertalot 2 V 5 3 3 

Amphora pediculus (Kützing) Grunow 4 3 5 4 

Amph. sp. 27x8)Jm cf. copulata (Kützing) Schoeman & Archibald 10 1 5 4 

Cymbella compacta 0strup 3 4.0 2 

Cymb. cymbiformis Agardh 1 V 2 2 3 

Cymb. lange-bertalotii Krammer 3 (*) 

Cymb. excisa var. angusta Krammer 32 (*) 2.4 

Cymbopleura cf. hercynica (A. Schmidt) Krammer 1 

Cymp. cf. perang/ica Krammer 2 1.6 2 

Cymp. subaequalis (Grunow) Krammer 2 G 3 2 3 

Denticu/a tenuis Kützing 25 3 3 4 3.0 

Diadesmis contenta (Grunow) D.G. Mann 2 ** 4 7 4 

Dipfoneis krammeri (Hustedt) Krammer & Lange-Bertalot 2 (G) 

Encyonema caespitosum Kützing 30 7 3.7 1 

Ency. minutum (Hilse ex Rab.) D.G. Mann 7 3 2.0 2 

Ency. silesiacum var. distinctepunctatum Krammer 3 (R) 

Ency. ventricosum (Agardh) Grunow in A. Schmidt 5 (*) 

Encyonopsis cesatii (Rabenhorst) Krammer 1 3 3 1.5 3 

Encs. krammeri Reichardt 10 

Encs. subminuta Krammer & Reichardt 3 (G) 

Gomphonema angustum Agardh 2 V 4 

Gomp. auritum A. Braun 4 G 2.5 

Navicu/a cryptotenelloides Lange-Bertalot 8 

Navi. radiosa Kützing 8 3 4 3 

Neidiomorpha binodiformis (Krammer) Cantonati et. al. G 

Nitzschia angustata Grunow 3 3 3.9 2 

Nitz. cf. bryophila "schmal" 

Nitz. perminuta (Gn.inow) Peragallo 0 3 2 2 

Nupe/a sp. 0 

Pinnularia borea/is Ehrenberg 0 4 2 3 

Pseudostaurosira robuste (Fusey) D.M. Williams et Round 10 2 7 4 2.5 

Sellaphora [baci/lum K-LB] <P 'button' (Mann et al. 2008) 2 (R) 

Sela. cf. pseudopupula (Krasske) Lange-Bertalot 3 G 

Sela. [/aevissima K-LB] <P 'normal' (Mann et al. 2008) (*) 2.5 

Staurosirella pinnata (Ehrb.) Williams & Round 167 3 7 4 

Total Number of valves counted 433 

Total Number of taxa counted 34 

Total Number of taxa observed 37 

RL = Red List species (Lange-Be1talot 1996 ), I = threatened with extinction, 2 = severely endangered, 3 = endangered, V = 
decreasing, G = presumed endangered, R = extremely rare, D = data scarce, * = at present not considered threatened, ** = surely 
not threatened; (*,V, G, R, D) = taxa assigned to Red List categories by the Authors (H.L.-B. & M.C.) on the basis of experience 
and I or the literature. Ecological preferences according to van Dam et al. ( 1994 ). M = Moisture preferences. I = almost never 
occuning outside water bodies, 2 = mainly occuning in water bodies, 3 = mainly occuning in water bodies + regularly on wet 
places, 4 = mainly occuning on wet places, 5 = nearly exclusively occurring outside water bodies. T = trophic preferences. I = 
oligotraphentic, 2 = oligo.-mesotraph., 3 = mesotraphentic, 4 = meso.-eutraphentic, 5 = eutraphentic, 7 = oligo. to eutraphentic. pH 
= pH preferences: 2 = acidophilous (<7), 3 = circumneutral (&bout 7'), 4 = alkaliphilaus (>7). Value ofHofmann Trophic Index 
(Hofmann 1999): L = trophic location.{okation ), G= weighting (Gewichtung). 



Tabie 5. Different oligotrophic habitats (with a focus on springs, in bold) ranked by decreasing percentage ofthreatened Red List (Lange-Bertalot 1996) diatom taxa (from Cantonati 2010 
modified). %RL =% diatom tax:a belonging to the sumofall threatened Red List categories, N = N. of sampling stations, TNT =total number oftaxa found, MNTc = maximum number oftaxa 
counted in one sample. C.t.p. = close to pristine, org. pol.= organic pollution, str. = streams. ABNP = Adamello-Brenta Natural Park (Trentino, Italy), CRENODAT Project (Autonomous 
Province ofTrento = Trentino, Italy), DBNP = Dolomiti Bellunesi National Park (Veneto Region, Italy), CESSPA Project (Province ofVerona, Veneto Region, Italy), BNP = Berchtesgaden 
National Park (Bavaria, Germany), GNP = Gesäuse National Park (Styria, Austria), JPNP = Julian Prealps Natural Park (Friuli Venezia Giulia Autonomous Region, Italy). 

Habitat type Location N TNT MNTc Impacts Reference 
Mirepools Danta di Cadore, south-eastern Alps 5 86 26 c.t.p. Cantonati et a/. 2010 Nova Hedwig. ln press 
Carbonate springs BNP, north-eastern Alps 9 104 30 c.t.p. Cant. & Lange-Bert. Diat. Res. ln press Publ. 9 
Carbonate springs GNP, north-eastern Alps 10 100 26 c.t.p. the present technical report 
Crystalline high-mountain lakes ABNP, south-eastern Alps c.t.p. Tolotti 2001 Lange-Bert. Festschrift 
Carbonate and crystalline springs ABNP, south-eastern Alps 30 254 54 c.t.p. Cantonati 1998 Diatom Res. 

Springs (all main lithologies) Trentino, CRENODAT Project, s.-e. Alps 110 Cantonati et al. subm. a J-NABS 

Springs (all main lithologies) Vicinities of Frankfurt Werum & Lange-Bert. 2004 lconogr. Diat. 13 
Carbonate springs and streams DBNP, south-eastern Alps 21 131 32 arg. pol. (str.) Cantonati & Spitale 2009 FAL Publ. 8 
Low-altitude carbonate springs JPNP, south-eastern Alps 3 60 36 arg. pol. Cantonati 2004 Gortania 

Lake Tovel (epilithon euphotic z.) ABNP, south-eastern Alps Cantonati et al. 2009 Eur. J. Phycol. 

Mountain springs Springs in Vorarlberg, Austria, Alps 27 197 Gesierich & Kofler 201 Ob Diatom Res. in press 
Helocrene springs (spring fens) Western Carpathians Frankova et al. 2009 Fottea 

Lake Garda South-eastern Alps 24 75 42 (N03-), shore- Spitale et al. 2010 Hydrobiologia Subm. 

morphology 
alteration 

Pre-Aipine carbonate springs Areas of Basel and Zürich, CH 17 118 Taxböck & Preisig 2007 CEDIATOM1 Proc. 

Carbonate springs Verona Province, pre-Aipine 25 138 N03-, capturing Angeli et al. 2010 Fottea Pubi. 18 

Carbonate springs Beauce region, Orleanais, N France 14 135 N03-, Bertrand et al. 1999 Symbioses 

Carbonate springs Bavaria 8 N03-, 



Because of the practical relevance of a precise assessment of the trophic 
status of the Iake that is affected by relevant impacts (part of the shores are 
pasture ground for cows, and fishes were stocked in the Iake since the 1970s; 
Jersabek et al. 2004), the Trophic index based on the composition of epilithic 
littoral diatom assemblages was calculated following Hofmann (1994, 1999). 
The value was found to be 2.83, corresponding to mesotrophy since the value 
ranges for the trophic classes according to the mentioned index are as follows: 

1.00+1.99 (cl 1) Oligotrophie 
2.00+2.49 (cl 2) oligo/mesotrophic 
2.5+3.49 (cl 3) mesotrophic 
3.5+3.99 (cl 4) meso/eutrophic 
4.00+5.00 (cl 5) eutrophic. 

However, the values of the trophic indices were available for 11 taxa 
accounting for only 26.8°/o of the diatom assemblage (Table 4). The values of 
the trophic index and location were not available for the dominant species 
Staurasire/la pinnata (Ehrb.) Williams & Round (Appendix 2). This species is 
known tobe meso-eutraphentic, if not eutraphentic: e.g., Rottet a/. (1999) in 
their diatom-based quality assessment system for Austrian running waters 
classify it as meso-eutraphentic (Trophiewert = 2.2, 2.1-2.5 meso­
eutraphentic; Stickstoffzahl = 2.3, 2.1-2.5 meso-eutraphentic; TPoPT. =56 IJQ 
L-1

; N03- -NoPT. = 1166 1-19 L-1 
). Therefore the trophic status of Lake Sulzkarsee 

is likely to have been underestimated because of the many taxa that could not 
be used for index calculation following Hofmann (1994, 1999), i.e. one of the 
few trophic indices based on littoral diatoms developed in the Alpine area. 
Therefore the trophic status of Lake Sulzkarsee should more suitably be 
defined as meso-eutrophic, if not eutrophic. The same conclusion was reached 
by Jersabek et al. (2004) based on Observations on total phosphorus 
concentration, and phytoplankton and zooplankton composition and biomass. 
Another important result of the benthic diatom analyses that further confirms 
these assessments was generated by the depth-distribution studies. Only the 
sample collected from stones taken from the.shallowest depth ( -0.2 m) 
presented benthic diatom populations sufficiently developed to be analysed. 
The samples collected at -1, -3, and -7m presented only very sparse diatoms, 
suitable for qualitative Observations only. The -1m sample still presented some 
benthic species (Staurosirella pinnata, Cymbella compacta, Encyonema sp., 
Eucocconeis laevis, Navicula antonii, Encyonopsis sp.); the -3 and -7m samples 
were virtually devoid of benthic species, and included almost only plankton 
fallout (girdle bands of a planktic Fragilaria species, and a planktic centric 
diatom of the genus Cyclotella). This situation perfectly corresponds to the 
extinction of the infralittoral benthic assemblages predicted by Lowe ( 1996) in 
the case of Iake eutrophication determining phytoplankton blooms and 
excessive shading of benthic substrata in deep waters. In Lake Sulzkarsee this 
situation was by sure further worsened by the fact that all hard substrata in 
deep waters were soon covered by silt and organic detritus (plankton fallout 
etc.). As repeatedly underlined by Jersabek et al. (2004) the siltation 
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(Verschlammung) problem extensively affects also stones and boulders in the 
shallow littoral zone. This is particularly relevant also for the benthic diatom 
assemblages, since many of the typical oligotraphentic taxa are mainly 
epilithic. 

Red Liststatus (Lange-Bertalot 1996) was available for relatively high 
percentages of the diatoms found in the different categories of habitats studied 
(Tables 1-4). The remaining taxa (about 30°/o of the total in the case of the 
springs) could be assigned to Red List categories by the author of the present 
report (in collaboration with Prof. Horst Lange-Bertalot) on the basis of 
experience and I or the Iiterature (Tables 1). Overall, in the case of the springs 
(Tables 1), about 52°/o were found to belong to threatened categories of the 
Red List. One species, Brachysira calcico/a ssp. pfisteri Lange-Bertalot & 
Werum (Appendix 1), belonged to category 2 ("severely endangered"), and 
four species to category 3 ("endangered"): Achnanthes trinodis (W. Smith) 
Grunow (Appendix 1), Amphora inariensis Krammer, Platessa conspicua (A. 
Mayer) Lange-Bertalot, and Rossithidium petersenii (Hust.) Round & Bukht. As 
regards trophic status, most species belanging to category 5 ("eutraphentic") 
are very widespread in carbonate springs, e.g.: Amphora pediculus (Kütz.) 
Grunow (Appendix 2), Cocconeis placentula var. euglypta (Ehrenberg) Grunow, 
and Planothidium lanceolatum ( compare e.g. Cantonati 1998, Cantonati & 
Spitale 2009). The occurrence of Lutico/a mutica (Kütz.) D.G. Mann in near­
natural springs and streams is more likely due to desiccation periods rather 
than to higher trophic Ieveis (Cantonati et al. 2001). Moreover, the complete 
absence of some typical indicators of nutrient enrichment in springs, such as 
Cocconeis placentula var. lineata (Ehrenberg) Van Heurck, Fragilaria capucina 
var. vaucheriae (Kütz.) Lange-Bert. and Gomphonema parvulum Kütz. 
(compare Cantonati & Spitale 2009 for the DBNP and Cantonati & Lange­
Bertalot 2010 for the BNP), or their occasional occurrence with very low 
abundances (e.g., Go,mphonema micropus Kütz.), appear to suggest a 
satisfactory situation of integrity as regards the trophic status of the springs of 
the GNP. As concerns pH (Van Dam et al. 1994, Table 1), the species found in 
the GNP springs studied are alkaliphilaus (cat. 4), or circumneutral (cat. 4) 
coherently with the lithological substratum. 

As regards the mire pool studied (Table 2), the number of sites considered 
in the GNP is too low to allow any general consideration. In any case, the 
percentage of species belanging to threat categories in very high (almost 3f4 of 
the taxa found belong RL threat categories!), and weil comparable to figures 
highlighted by Cantonati et al. (2011) for similar habitats in the south-eastern 
Alps. Almost no widely distributed opportunistic taxa seem to colonize the 
studied mire pool. The specialized taxa are almost all classified as endangered 
to various degrees since these habitats (mires and bogs) are highly menaced, 
especially in central Europe. Four of the threatened Red List species found 
belong to category 3 ("endangered"): Encyonema lunaturn (W. Smith) V an 
Heurck, Encyonema perpusil/um (Cieve-Euler) D.G. Mann, Eunotia 
neocompacta Mayama, and Kobayasiel/a subtilissima (Cieve) Lange-Bertalot. 
As concerns pH preferences according to Van Dam et al. (1994), the acidic 
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conditions in the mire determined the occurrence of acidobiontic, acidophilous, 
and circumneutral species in spite of the carbonate lithology of the area (Table 
2). 

The diatom microflora found in the ephemeral pools (Table 3) was 
surprisingly rich of poorly known and interesting taxa, as is clearly shown also 
by the many "cf." and working IDs in the table. Also in this case the 
percentage of threatened Red List species is very high (66°/o). One species 
belonged to category 1 ("threatened with extinction"), one to category 2 
("severely endangered") and two to category 3 ("endangered"). However, with 
the exception of Neidium a/pinum Hustedt ( cat. 3; see SEM micrograph on the 
front page of the present report) more Observations are necessary to confirm 
these identifications. The somewhat unexpected complexity of the diatoms of 
these vernal pools explains why most of the work on the diatoms found in 
these special habitats in the GNP is still in progress. The main reason for the 
great interest of these microfloras is likely to be the fact that in-depth diatom 
studies on this habitat type have been very rare, with few exceptions (Lange­
Bertalot et al. 2003). The unstable conditions typical of the temporary pools 
determine the fact that all species identified with certainty belang to maisture 
preference category (V an Dam et al. 1994) 3 or higher (3 = "mainly occurring 
in water bodies + regularly on wet places", 4 = "mainly occurring on wet 
places", 5 = "nearly exclusively occurring outside water bodies"). 

With reference to Lake Sulzkarsee (Table 4), the percentage of species 
belanging to threat categories of the Red List (33°/o) Is not as low as expected 
because of the impacts (stocking with fishes, cow pasture) affecting the Iake 
since several decades. To gain a reference, it might be compared with the 
value ( 40°/o, Cantonati et al. 2009) found in an Oligotrophie carbonate Iake 
with similar conductivity, but much !arger and deeper (Lake Tovel, Brenta 
Dolomites). The occurrence of several species belanging to maisture 
preference category 3 (Van Dam et al. 1994, Table 4 ), and even of some 
belanging to categories 4 or 5 might be related to water-level fluctuations that 
used to be even more important in the Iake before the spring-stream water 
was diverted to enter the Iake to favour the rearing of salmonid fishes 
(Jersabek et al. 2004 ). Of the desiccation tolerant species mentioned the 
numerically most relevant, after the dominant Staurasire/la pinnata is 
Denticula tenuis. During a study focussing on the depth distribution of benthic 
diatoms in a carbonate mountain Iake characterized by marked seasonal 
water-level fluctuations (Cantonati et al. 2009), this species was found to be 
one of those with a statistically significant preference for the upper shallow 
zone. Trophic preferences according to Van Dam et al. (1994) were available 
for 46% of the taxa only (Table 4): significantly, almost one third of these taxa 
were "tolerant", i.e. known to occur from oligo- to eutrophic conditions. 

The percentages of taxa belanging to threat categories of the Red List 
(Lange-Bertalot 1996) can be compared to the values found in several similar 
habitats of the Alps in Table 5 (from Cantonati 2010, mod.). The comparison 
shows that the values found in the GNP are consistent with those reported for 
oligotrophic habitats of the Alps of the same categories. For what concerns 
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ephemeral pools, the data produced provide first useful elements for the 
quantification of the presence of rare and endangered diatom species in this 
strongly-understudied habitat type. 

From the taxonomic point of view the most relevant Observation is that 
taxa that are likely to turn out to be new to science were identified in all 
habitat types. However, in the case of the mire pool the taxon most likely to be 
new was present with such a low number of specimens to make its 
characterization impossible. Much work is still necessary to complete the 
morphological and ecological characterization of these taxa. This will be done 
in the coming months, and the results will be published in international 
journals. 

There are several other taxa the occurrence or absence of which in the GNP 
is of special interest. They will be shortly commented in the following. 

Achnanthes trinodis (W. Smith) Grunow (Appendix 1) is a relatively rare 
· oligotraphentic, alkaliphilaus species. It was found to be relatively abundant in 

a carbonate Oligotrophie mountain Iake with abundant epilithic substratum 
(Cantonati et al. 2009) and in one out of 16 springs studied in the Dolomiti 
Bellunesi National Park (Cantonati & Spitale 2009). In the GNP its occurrence 
appears to be related to hygrop~tric microhabitats. 

Achnanthidium dolomiticum Cantonati et Lange-Bertalot was discovered in 
springs of the Dolomiti Bellunesi National Park, and found to be epiphytic, 
typical of unstable environments that undergo seasonal desiccation, and 
apparently bound to drainage basins dominated by dolomite rocks (Cantonati & 
Lange-Bertalot 2006). This peculiar ecological trait could be confirmed thanks 
to the investigation in the Berchtesgaden springs where A. dolomiticum was 
found only in three springs, the main substratum of which was the Ramsau 
dolomite. In the Iimestone dominated GNP, an Achnanthidium population 
displaying the typical morphological characters of this species was found to be 
epiphytic on mosses in just one very small spring (KAMS). 

Achnanthidium pfisteri Lange-Bertalot is a recently described taxon (Werum 
& Lange-Bertalot 2004 ). It was frequent and sometimes abundant in the DBNP 
(Cantonati & Spitale 2009) whilst it was not found in the BNP (Cantonati & 
l<;Jnge-Bertalot 20 10). 

Achnanthidium strictum Reichardt is a recently described taxon (Reichardt 
2004). It was sampled in the BNP and in the DBNP (Cantonati & Lange-Bertalot 
2010). It was also frequent and sometimes abundant in several springs 
considered for the CRENODAT Project in the Autonomaus Province of Trento 
(Cantonati et al. 2012 in prep.). It appeared to show a clear preference for the 
epilithic substratum, and the findings in the GNP confirm these Observations. 

Brachysira calcicola ssp. pfisteri Lange-Bertalot & Werum (Appendix 1) was 
not found in the BNP (Cantonati & Lange-Bertalot 2010) and collected in just 
one spring and with very low abundances in the DBNP (Cantonati & Spitale 
2009). During the CRENODAT Project it was observed in a spring with spring 
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associated Iimestones and hygropetric microhabitats (Cantonati et al. 2012 in 
prep.). 

Caloneis constans was described by Erwin Reichardt in 1994 (Reichardt 
1994) but only very rarely reported in the Iiterature ( Frankova et al. 2009). It 
appears to be characteristic of carbonate, rheohelocrene springs. Since this 
typology could not be considered during this investigation, this could explain 
its absence from the GNP, while it was found in the BNP where two 
rheohelocrene springs were considered (Cantonati & Lange-Bertalot 2010). 

Cymbel/a tridentina Lange-Bertalot, Cantonati et Scalfi is a species 
discovered in the southeastern Alps (Brenta Dolomites; Cantonati et al. 2010). 
It appears to be characteristic of the uppermost part of spring-fed, carbonate 
streams. This might explain its absence in the GNP where material was 
collected from spring streams but could not yet be considered for analysis. In 
the BNP springs it was extremely rare (only one specimen observed during 
SEM work; Cantonati & Lange-Bertalot 2010). 

Encyonema sublangebertalotii Lange-Bertalot et Cantonati, very recently 
described on the basis of materials collected in the BNP springs (Cantonati & 
Lange-Bertalot 2010) resembles taxa that have a widespread distribution and 
are very relevant also for running waters quality evaluation systems 
(Encyonema lange-bertalotii, E. minutum, E. ventricosum, E. silesiacum), but 
can be distinguished by the combination of its morphological characteristics 
including in particular outline, dimensions, raphe course etc. In the GNP it is 
relatively common showing ecological preferences that confirm the 
Observations made in the BNP and DBNP. 

The phenodeme provisionally called Encyonopsis "sagitta" refers to 
populations found in Berchtesgaden in a couple of springs and again in the 
GNP, and that might turn out to be a species new to science. However, on the 
basis of the information available at the present moment it is not possible to 
exclude that these morphotypes just belong to the morphological variability of 
Encyonopsis cesatii (Rabenhorst) Krammer. It is therefore preferred to 
designate this phenodeme only in a taxonomically informal way. The 
individuals are distinguished especially by the outline and in particular by the 
markedly pointed apices. 

Eunotia glacialispinosa Lange-Bertalot et Cantonati, very recently described 
on the basis of materials collected in the BNP springs (Cantonati & Lange­
Bertalot 2010), is very characteristic from the morphological point of view, 
since it resembles Eunotia glacialifalsa Lange-Bertalot from which it is however 
clearly distinguished by four evident (by careful focusing) spines. Also the 
distribution and ecology already appear to be of special interest. In the BNP it 
was frequently associated with Eunotia arcubus Nörpei-Schempp & Lange­
Bertalot. In spite of the fact that the latter species was relatively frequent in 
the DBNP (6 springs), E. g/acia/ispinosa was not found in this natural preserve. 
A similar situation occurred in the GNP where E. arcubus was found in two 
springs (very abundant in one case, Table 1) but E. glacialispinosa was not 
observed. 
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Gomphonema lateripunctatum Reichardt & Lange-Bertalot (Appendix 1) was 
found both in the BNP and in the DBNP, even if it was less important from the 
quantitative point of view in the former nature preserve. In the GNP it was 
found to be one of the most characteristic species of the hygropetric rheocrenic 
spring. This is in excellent agreement with typical assemblages of the different 
spring types identified by means of fuzzy dustering on the data obtained 
studying more than 100 springs for the CRENODAT Project (Cantonati et al. 
2012 in prep.). 

Surirella spiralis Kützing is a rare species, considered crenophilous and 
bound to mountain carbonate springs with above-average mineral content. It 
was found in the DBNP (Cantonati & Spitale 2009), in the BNP (Cantonati & 
Lange-Bertalot 2010), andin the GNP always in just one spring: In the case of 
the GNP this was the remarkable KAMS spring. 

Conclusions: 
- In spite of being sometimes relatively harsh environments (small, 

probably mostly not-perennial springs), the springs studied host a rich 
diatom microflora, weil comparable with what is known from other 
carbonatenature preserves of the Alps (e.g., Dolomiti Bellunesi, 
Cantonati & Spitale 2009; Berchtesgaden, Cantonati & Lange-Bertalot 
2010) but notwithstanding with its own peculiar traits. 

- The high percentage (about 50°/o) of Red Listtaxa found in the 
springs of the Gesäuse National Park is consistent with similar figures 
found in spring habitats of other Nature Parks of the Alps (e.g., 
Adamello-Brenta, Cantonati 1998; Dolomiti Bellunesi, Cantonati & Spitale 
2009; Berchtesgaden, Cantonati & Lange-Bertalot 2010). This high 
proportion testifies that these springs still possess a relatively high 
ecological integrity because the number of Red List (Lange-Bertalot 
1996) species tends to reduce with increasing impacts ( compare Table 
5). 

- The diatom microflora of the two temporary pools sampled in 2009 
turned outtobe extremely interesting (rare, ahd putative new species). 
This is probably mainly due to the fact that in-depth studies with high 
taxonomic resolution of the diatom assemblages of this type of habitats 
are still very rare. 

- The diatom microflora of the mire pool studied appeared to be 
characteristic and interesting. However, it would be necessary to study 
more sites with similar characteristics to get a reasonably complete 
figure of the potential contribution of this category of habitat to the 
diatom biodiversity of the Gesäuse National Park. 

- The study of the benthic diatom assemblages of the Sulzkarsee 
allows to classify this small mountain Iake as eutrophic with silted 
("verschlammt") hard substrata. The siltation of the hard substrata by 
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debris and plankton fallout, and the shading due to the important 
development of planktic populations impede the development of an 
epilithic diatom flora at depths >0.5 m. The development of a "deep­
water" benthic diatom flora, shown to include the most interesting and 
rare species also in a carbonate Iake of the south-eastern Alps (Cantonati 
et al. 2009), is thus at present not possible in Lake Sulzkarsee due to the 
enhanced trophic status. The conclusions of previous studies (Jersabek et 
al. 2004) are thus completely confirmed. 

- Cantonati et al. (2009) showed for an Oligotrophiecarbonate Iake 
of the south-eastern Alps that the deep-water zone (infralittoral) is a 
particularly relevant habitat for benthic algae in lakes that are affected 
by marked natural or man-induced water-level fluctuations. This was the 
case of Lake Sulzkarsee prior to the diversion of spring-stream water into 
the Iake, and it might be the situation of the Iake again after restoration 
actions, including also the cessation of spring-stream water inflow 
(compare Jersabek et al. 2004), will have been undertaken. 

- Several diatom taxa (1-2 in the springs, 2-3 in the temporary 
pools, 1-2 in the Iake) were found that deserve further investigations to 
complete their morphological and ecological characterization. These taxa 
will probably turn out to be new to science. 

Outlook: 
- If restoration actions, such as those proposed in Jersabek et al. 

(2004), are undertaken, benthic diatom assemblages in Lake Sulzkarsee 
should be able to recover. In fact, characteristic oligotraphentic and 
oligo.-mesotraphentic species typically keep being present in 
assemblages of worse trophic categories even if in very small amounts. 

- A fundamental pre-requisite for the re-establishment of 
characteristic oligo- l oligo.-mesotraphentic communities is the 
restoration of the epilithic habitat. This might be achieved as proposed 
by Jersabek et al. (2004). If the Iake would be emptied to carry out 
restoration actions, it would be very useful to remove fine sediments not 
only from the shores but also from part of the stony substrata in deeper 
water to try to favour the re-colonization by the highly specialized and 
characteristic deep-water (infralittoral) assemblages. 

- Diatoms should have the potential both to offer a reference 
condition of pre-disturbance assemblages if sediment cores are studied 
and to reflect changes induced by restoration actions if cobbles and 
boulders in the eulittoral zone are sampled during the restoration and at 
regular intervals for some years after the actions have been carried out. 

To continue the present diatom study the following is planned or proposed: 
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- To present part of the results at international Congresses, and 
publish part of the findings (spril:)gs, Iake) in international journals. 

- To complete the ecological and morphological characterization of 
the most promising interesting taxa, and publish the descriptions of a 
part of the species new to science. 

- If further funding would be available, it would be advisable to 
complete the study of the overall diatom biodiversity of the Gesäuse 
National Park (i.e., the study of the diatom diversity of all main types of 
aquatic habitats occurring in the nature preserve). To do this, the 
following work would be especially necessary: to analyse the five 
samples collected in a representative stream of the National Park, to 
analyse at least two other mire pools and at least one other temporary 
pool, to analyse other 2-3 springs focussing in particular on spring types 
that could not yet be considered (rheohelocrenes, helocrenes). 

Acknowledgements: 
The author wishes to express sincere thanks to the Gesäuse National Park 
(Styria, Austria) for promoting and funding this investigation (especially Mag. 
MSc. Daniel Kreiner and Dr. Reinhard Gerecke), to Mag. Daniel Kreiner 
(Gesäuse National Park) for having made available samples from the 
Sulzkarsee and Iiterature on this Iake, to Prof. Horst Lange-Bertalot (University 
of Frankfurt, Germany) for advice in the identification of several taxa, to Mr. 
Manfred Rüppel (University of Frankfurt, Germany) and to Dr. Nicola Angeli 
(Museo Tridentino di Scienze Naturali, Limnology and Phycology Section, 
Trento) for SEM micrographs, to Dr. Harald Haseke (LIFE Projekt Gesäuse) for 
having provided geomorphological data and photographic documentation on 
the sampling sites, to DI Elmar Pröll (Umweltparameter - Labor, Nationalpark 
O.ö. Kalkalpen Ges.m.b.H., Molln, Austria) for making available the results of 
measurements of physical and chemical parameters in the field and in the Iab, 
and to Dr. Daniel Spitale (Museo Tridentino di Scienze Naturali, Limnology and 
Phycology Section, Trento) for identifying the bryophyte species collected to · 
investigate diatom assemblages. 

Literature 
Angeli N., Cantonati M., Spitale D. & Lange-Bertalot H. 2010. A comparison 

between diatom assemblages in two groups of carbonate, low-altitude 
springs with different Ieveis of anthropogenic disturbances. Fottea 10: 115-
128. 

Antoniades, D., Hamilton, P.B., Douglas, M.S.V. and J.P. Smol. 2008. Diatoms 
of North America: The freshwater floras of Prince Patrick, Ellef Ringnes and 
northern Ellesmere Islands from the Canadian Arctic Archipelago. 

20 



Iconographia Diatomologica (H. Lange-Bertalot, ed.) 17,1-649. A.R.G. 
GantnerVerlag K.G., Ruggell. Distributed by Koeltz, Koenigstein. 

Cantonati M., 1998 - Diatom communities of springs in the Southern Alps -
Diatom Research 13(2): 201-220. 

Cantonati M., 2010. Spring Habitats of the Alps: Biodiversity Hotspotsand 
Sentineis of Environmental Change. Habilitation Thesis I 
Habilitationsschrift. Faculty of Biology. University of Innsbruck. 444 pp. 

Cantonati M. & Lange-Bertalot H. 2006. Achnanthidium dolomiticum sp. nov. 
(Bacillariophyta) from Oligotrophie mountain springs and lakes fed by 
dolomite aquifers. Journal of Phycology 42: 1184-1188. 

Cantonati M. & Lange-Bertalot H. 2009. Geissleria gereckei sp. nov. 
(Bacillariophyta) from leaf-litter covered stones of very shaded carbonate 
mountain springs with extremely low discharge. Phycological Research 57: 
171-177. 

Cantonati M. & Lange-Bertalot H., 2010. Diatom biodiversity of springs in the 
Berchtesgaden National Park (northern Alps, Germany), with the ecological 
and morphological characterization of two species new to science. Diatom 
Research 25: 251-280. 

Cantonati M., Angeli N., Bertuzzi E., Spitale D. & Lange-Bertalot H. 2012. 
Diatoms in springs of the Alps: Spring types, environmental determinants, 
and substratum. In: M. Cantonati, L.C. Ferrington Jr., I. Jüttner & E.J. Cox 
(Eds.), Ecology of Springs. Journal of the North American Benthological 
Society. Special Issue. In prep. 

Cantonati M., Corradini G., Jüttner I. & Cox E.J. 2001. Diatom assemblages in 
high mountain streams of the Alpsand the Himalaya. Nova Hedwigia 123: 
37-62. 

Cantonati M., Gerecke R. & Bertuzzi E. 2006. Springs of the Alps - sensitive 
ecosystems to environmental change: from biodiversity assessments to 
Iang-term studies. In: Lami, A. & A. Boggero (Eds.), Ecology of high 
altitude aquatic systems in the Alps, Developments of Hydrobiology. 
Hydrobiologia 562: 59-96. 

Cantonati M., Lange-Bertalot H. & Angeli N. 2010. Neidiomorpha gen. nov. 
(Bacillariophyta): A new freshwater diatom genus separated from Neidium 
Pfitzer. Botanical Studies 51: 195-202. 

Cantonati M., Lange-Bertalot H., Decet F. & Gabrieli J. 2011. Diatoms in very­
shallow pools of the Site of Community Importance Danta di Cadore Mires 
(south-eastern Alps), and the potential contribution of these habitats to 
diatom biodiversity conservation. Nova Hedwigia. Accepted. 

Cantonati M., Lange-Bertalot H., Scalfi A. & Angeli N. 2010. Cymbella 
tridentina sp. nov. (Bacillariophyta), a crenophilous diatom from carbonate 
springs of the Alps. Journal of the North American Benthological Society 
29: 775-788. 

21 



Cantonati M., Van de Vijver & Lange-Bertalot H. 2009. Microfissurata gen. nov. 
(Bacillariophyta), a new diatom genus from dystrophic and intermittently­
wet terrestrial habitats. Journal of Phycology 45: 732-741. 

Cantonati, M, E. Bertuzzi, and D. Spitale (eds). 2007a. The spring habitat: 
biota and sampling methods. Museo Tridentino di Scienze Naturali, Trento. 
Monografie del Museo Tridentino di Scienze Naturali 4. 350 pp. 

Cantonati, M. & Spitale, D. 2009. The role of environmental variables in 
structuring epiphytic and epilithic diatom assemblages in springs and 
streams of the Dolomiti Bellunesi National Park (south-eastern Alps). 
Fundamentaland Applied Limnology- Archiv für Hydrobiologie 174: 117-
133. 

Cantonati, M. 2003. Le diatomee di tre sorgenti del Parco Naturaledelle Prealpi 
Giulie (Italia nord-orientale). Gortania - Atti Museo Friul. di Storia Nat. 
25:95-108. 

Cantonati, M., E. Rott, P. Pfister, and E. Bertuzzi. 2007. Benthic algae in 
springs of the Alps: biodiversity and sampling methods. In: Cantonati M, 
Bertuzzi E. & Spitale D. ( eds), The spring habitat: biota and sampling 
methods. Museo Tridentino di Scienze Naturali, Trento:77-112. (Monografie 
del Museo Tridentino di Scienze Naturali, 4). 

Cantonati, M., Silvia, S., Angeli, N., Guella, G. and Frassanito, R. 2009. 
Environmental controls of epilithic diatom depth-distribution in an 
Oligotrophie Iake characterised by marked water-level fluctuations. Eur. J. 
Phycol. 44(1): 15-29. 

EN 13946 (2003). Water quality. Guidance standard for the routine sampling 
and pretreatment of benthic diatoms from rivers, 1-18. 

EN 15708 2009 "Water quality - Guidance standard for the surveying, sampling 
and Iabaratory analysis of phytobenthos in shallow running water" CEN 
Standard 

FRANKOVA M., BOJKOVA J., POULICKOVAA. & M. HAJEK (2009). The structure 
and species richness of the diatom assemblages of the Western Carpathian 
spring fens along the gradient of mineral richness. Fottea, 9, 355-368. 

GESIERICH, D., ROTT, E., 2004. Benthic algae and mosses from aquatic 
habitats in the catchment of a glacial stream (Rotmoos, Ötztal, Austria). 
Ber. nat.-med. Verein Innsbruck 91: 7-42. 

HANSSON, L. A. (1988). Effects of competitive interactions on the biomass 
development of planktonic and periphytic algae in lakes. Limnol. Oceanogr., 
33: 121-128. 

HANssoN, L. A. (1992). Factars regulating periphytic algal biomass. Limnol. 
Oceanogr., 37: 322-328. 

HOFMANN, G. (1994): Aufwuchs-Diatomeen in Seen und ihre Eignung als 
Indikatoren der Trophie. Bibliotheca Diatomologica 30, 241 pp. 

HOFMANN, G. (1999): Traphiebewertung von Seen anhand von 
Aufwuchsdiatomeen. In: TÜMPLING, W. VON & FRIEDRICH, G. (eds.), 
Biologische Gewässeruntersuchung 2, pp. 319-333. 

22 



JERSABEK, C. D., R. SCHABETSBERGER & E. WEIGAND (2004): 
Gewässerökologische Bestandsaufnahme Sulzkarsee (Nationalpark 
Gesäuse). - Unveröff. Bericht des Nationalpark Gesäuse GmbH, 42 Seiten. 

KELLY, M.G., CAZAUBON, A., CORING, E., DELL'UOMO, A., ECTOR, L., 
GOLDSMITH, B., GUASCH, H., HÜRLIMANN, J., JARLMAN, A., KAWECKA, B., 
KWANDRANS, J., LAUGASTE, R., LINDSTR0M, E.A., LEITAO, M., MARVAN, 
P., PADISÄK J., PIPP, E., PRYGIEL, J., ROTT, E., SABATER, S., VAN DAM, H. 
& VIZINET, J. (1998). Recommendations for the routine sampling of diatoms 
for water quality assessments in Europe. Journal of Applied Phycology, 10, 
215-224. 

KILROY, C., BIGGS, B.J.F., VYVERMAN, W., BROADY, P.A., 2006. Benthic 
diatom communities in subalpine pools in New Zealand: Relationships to 
environmental variables. Hydrobiologia 561: 95-110. 

KLEMENCIC KRIVOGRAD, A., VRHOVSEK, D., 2003. Algae in the peat bogs 
Lovrenska Jezera and Sijec in Slovenia. Nat. Croat. 12: 141-150. 

Kociolek, J. P ., Stoermer, E. F. 2009. Oligotrophy: the forgotten end of an 
ecological spectrum. Twentieth International Diatom Symposium (7-13 
September 2008, Dubrovnik, Croatia. Acta Botanica Croatica 68(2). In 
press. 

KRAMMER, K, LANGE-BERTALOT, H., 1986-1991. Sußwasserflora von 
Mitteleuropa. In: Ettl, H ., Gerloff, J ., Heynig, H. & Mollenhauer, D. ( eds): 
Bacillariophyceae. Naviculaceae, 2/1, 876 pp.; Bacillariaceae, 
Epithemiaceae, Surirellaceae, 2/2, 596 pp.; Centrales, Fragilariaceae, 
Eunotiaceae, 2/3, 576 pp.; Achnanthaceae, 2/4, 437 pp. - G. Fischer, 
Stuttgart. New York. 

KRAMMER, K, LANGE-BERTALOT, H., 2004. Sußwasserflora von Mitteleuropea. 
In: Ettl, H., Gärtner, G., Heynig, H. & Mollenhauer, D. (eds): 
Bacillariophyceae. Achnanthaceae, 2/4, 468 pp. G. Fischer, Stuttgart. New 
York. 

KRAMMER, K. 2000-2003. Diatoms of Europe. The genus Pinnularia. 1, 703 
pp.; Cymbella, 3, 584 pp.; Cymbopleura, Delicata, Navicymbula, 
Gomphocymbellopsis, Afrocymbella, 4, 530 pp. Edited by H. Lange 
Bertalot, A.R.G. GantnerVerlag K.G. 

KRAMMER, K., 1997a. Die cymbelloiden Diatomeen. Teil 1. Allgemeines und 
Encyonema Part. Bibliotheca Diatomologica 36: 1-382. 

KRAMMER, K., 1997b. Die cymbelloiden Diatomeen. Teil 2. Encyonema part., 
Encyonopsis and Cymbellopsis. Bibliotheca Diatomologica 37: 1-469. 

KULIKOVSKIY M .S. 2009 The Species Composition and Distribution of Diatom 
Algae in Sphagnum Bogs in European Russia: The Polistovo-Lovatskii Land 
ISSN 1995-0829, Inland Water Biology, 2009~ Val. 2, No. 2, pp. 135-143. 

LANGE-BERTALOT, H. 2001. Navicula sensu stricto, 10 Genera separated from 
Navicula sensu lato, Frustulia. In Lange-Bertalot, H. (Ed.) Diatoms of 
Europe, 2: 1-526. A.R.G. Gantner Verlag, K.G., Ruggell. 

23 



LANGE-BERTALOT, H., 1993. 85 Neue Taxa und über 100 weitere neu 
definierte Taxa ergänzend zur Süßwasserflora von Mitteleuropa Vol. 2/1-4. 
Bibliotheca Diatomologica 27: 1-454. J. Cramer. Berlin, Stuttgart. 

LANGE-BERTALOT, H., 1996. Rote Liste der limnischen Kieselalgen 
(Bacillariophyceae) Deutschlands. Schriften-Reihe für Vegetationskunde 
28: 633-677. 

Lange-Bertalot, H ., and D. Metzeltin. 1996. Indicators of Oligotrophy. -
Iconographia Diatomologica (H. Lange-Bertalot, ed.) 2, 1-390. Koeltz, 
Koenigstein. 

Lange-Bertalot, H., Cavacini, P., Tagliaventi, N. & Alfinito, S. 2003: Diatoms of 
Sardinia- Iconogr. Diatomol. 12: 1-438. 

LANGE-BERTALOT, H., METZELTIN, D., 1996. Indicators of Oligotrophy. -
Iconographia Diatomologica (H. Lange-Bertalot, ed.) 2: 1-390. Koeltz, 
Koenigstein. 

LANGE-BERTALOT, H., WITKOWSKI, A., Bf\.K, M., 2011. Eunotia and some 
related genera. In Lange-Bertalot, H. (Ed.) Diatoms of Europe, 6: 1-780. 
A.R.G. Gantner Verlag, K.G., Ruggell. Submitted. 

LowE, R. L. (1996). Periphyton patterns in lakes. In Algal Ecology: Freshwater 
Benthic Ecosystems (Stevenson, J. R., Bothwell, M. L. & Lowe R. 
L.,editors). Academic Press, pp. 57-76. 

Lowe, W. H., & G. E. Likens. 2005. Moving headwater streams to the head of 
the dass. BioScience 55(3): 196-197. 

Mann D.G. & S.J.M. Droop 1996. Biodiversity, biogeography and conservation 
of diatoms. Hydrobiologia 336: 19-32. 

MANN, D.G., THOMAS, S.J. & EVANS, K.M. (2008). Revision of the diatom 
genus Sel/aphora: a first account of the larger species in the British Isles. 
Fottea, 8(1), 15-78. 

MINELLI, A. (ed.), 2004. Mountain peat bogs- Relicts of biodiversity in acid 
waters. Italian Habitats 9: 1-156. Italian Ministry of the Environment and 
Territory Protection. Friuli Museum of Natural History. Graphie linea. Udine. 
ISBN 88 88192 17 4. 

Moser, G., H. Lange-Bertalot, and D. Metzeltin. 1998. Insel der Endemiten 
Geobotanisches Phänomen Neukaledonien. - Bibliotheca Diatomologica 
38:1-455. 

NOVAKOVA, S., 2002. Algal flora of subalpine peat bog pools in the Krkonose 
Mts. Preslia 74: 45-56. 

PAVUZA R. & STUMMER G. 2003-2004. Geologie/Hydrologie/Karst- u. 
Höhlenkunde des Sulzkarsees und seiner Umgebung. Teilprojekt des 
PILOTPROJEKTs SULZKARALM. Naturhistorisches Museum in Wien - Karst­
und höhlenkundliehe Abteilung. Endbericht 2003-2004. 13 pp-

POULICKOVA, A., BOGDANOVA, K., HEKERERA, P., HÄJKOVA, P., 2003. 
Epiphytic diatoms of the spring fens in the flysh area of the Western 
Carpathians. Biologia 58: 749-757. 

24 



POULICKOVA, A., DUCHOSLAV, M. & DOKULIL, M. (2004). Littoral diatom 
assemblages as bioindicators of Iake trophic status: A case study from 
per'ialpine lakes in Austria. Eur. J. Phycol., 39: 143-152. 

Ron, E., PFISTER, P., PIPP, E., PALL, K., BINDER, N. & ORTLER, K. (1999). Projekt 
BMLF: Indikationslisten für Aufwuchsalgen in Fließgewässern Österreichs. 
Teil 2: Trophieindikation und Autökologische Anmerkungen. WWK, 
Bundesministerium Land- und Forstwirtschaft, Wien. ISBN 3-85 174-25-4. 
248 pp. 

RUMRICH U., LANGE-BERTALOT, H. & RUMRICH, M. (2000). Diatomeen der Anden. 
Iconographia Diatomologica, 9: 1-673. 

SCHÖNFELDER, I., GELBRECHT, J., SCHÖNFELDER, J. & STEINBERG, C. E. W. (2002). 
Relationships between littoral diatoms and their chemical environment in 
northeastern German lakes and rivers. J. Phycol., 38: 66-89. 

SHERER, R.P., 1988. Freshwater diatom assemblages and 
ecology/palaeoecology of the Okefenokee swamp 1 marsh complex, 
Southern Georgia, U.S.A. Diatom Research 3: 129-157. 

Simkhada, B. 2006 Proposal to use unique abbreviation for diatom genera. 
Diatom Research 21: 451-456. 

SMOL, J.P. & E.F. STOERMER Eds. (2010): The Diatoms. Applications for the 
Environmental and Earth Sciences. 2nd rev. ed. 686 pp. 

Steihmann, P., 1915. Praktikum der Su" ßwasserbiologie 1. Teil. Die 
Organismen des fließenden Wassers.- Sammlung naturwiss. Berlin 
(Borntraeger). 118 Abb, Praktikum, 7: 184 S. 

Thienemann, A., 1924. Hydrobiologische Untersuchungen an Quellen (I-IV). 
Archiv für Hydrobiologie 14: 151-190. 

VAN DAM, H., MERTENS, A. & SINKELDAM J. (1994). A coded Checklist and ecological 
indicator values of freshwater diatoms from the Netherlands. Netherlands J. 
Aquat. Ecol., 28:117-133. 

Wantzen K.M., Rothhaupt K.-0., Mörtl M., Cantonati M., L<§szlo G.-T., Fischer P. 
(eds.), 2008. Ecological Effects of Water-Level Fluctuations in Lakes. 
Developments of Hydrobiology, Hydrobiologia, 613: 1-184. Springer. 

WATANABE, M.M., MAYAMA, S., HIROKI M., NOZAKI, H., 2000. Biomass, 
species composition and diversity of epipelic algae in mire pools. 
Hydrobiologia 421(1): 91-102. 

Werum, M., and H. Lange-Bertalot. 2004. Diatoms in Springs from Central 
Europe and elsewhere under the influence of hydrogeology and 
anthropogenic impacts. Iconographia Diatomologica (H. Lange-Bertalot, 
ed.) 13:1-417. Koeltz, Koenigstein. In German, with Latin species 
descriptions, and plate captions in English. 

25 



Appendix 1 - Iconography of the diatom microflora of the hygropetric 
rheocrenic spring HAGL. 

R valve RL valve 

Achnanthes trinodis (Red List species category 3 = endangered) 

R valve RLvalve 

Achnanthidium affine Achnanthidium neomicrocephalum 

RL valve R valve 

Achnanthidium pyrenaicum Achnanthidium strictum 

1 



Brachysira calcicola ssp. pfisteri (Red List species category 2 = severely endangered) 

Cymbella excisa var. angusta 

Cymbopleura diminuta 

2 



Delicata delicatula Delicata minuta 

Denticula kuetzingii girdle view Denticula tenuis 

3 



Encyonema alpinum Encyonopsis minuta 

Fragilaria distans 

4 



Gomphonema angustum 

Gomphonema lateripunctatum 

5 



Navicula cryptotenella 

Nizschia linearis 

6 



Tetracyclus rupestris 

Ulnaria ulna 

7 



Appendix 2 - Iconography of the littoral diatom microflora of the 
Lake Sulzkarsee (material sampled from stones, -0.2 m). 

Adlafia bryophila 

Amphora pediculus 

1 



Cymbella cymbiformis . Cymbella compacta 

2 



Cymbella excisa var. angusta 

Cymbella subcystula 

3 



Cymbopleura cf. peranglica 

Cymbopleura subaequalis 

4 



Dipfoneis krammeri 

5 



Encyonema caespitosum 

Encyonema minutum 

6 



Encyonema silesiacum var. distinctepunctatum 

7 



Encyonopsis cesatii 

Gomphonema auritum 

8 



Navicula radiosa 

1 5 ~~1 
Neidiomorpha binodiformis 

9 



Nizschia angustata 

Nitzschia perminuta 

10 



Nupela sp. 

Pinnularia borealis 

11 



Sellaphora [laevissima K-LB] <D 'normal' (Mannet al. 2008) 

12 



Sellaphora cf. pseudopupula 

13 



, Sellaphora [bacillum K-LB] <D 'button' (Mannet al. 2008) 

14 



Staurosirella pinnata 

15 




