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Diversity of diatoms and related quality
of free-flowing rivers in Albania (the Vjosa catchment)

Aleko M1no, Klajdi NgjeLa, Bledi HoxHa, Ina SEjpo & Marjol MEGo

An overview of the periphyton communities of microscopic algae (diatoms-Bacillario-
phyceae) and related ecological quality of waters in various habitats of the Vjosa catch-
ment (Albania) is reported here. 252 taxa of diatoms were found, mostly pennatae, of
which more than 110 taxa were found directly at Vjosa River stations and 72 taxa were
found in samples collected in Benja thermal springs (Lengarica tributary; Permeti).
According to the diatom Index of Pollution Sensitivity (IPS), the waters were mostly of
good quality within the whole watershed, representing low or moderate organic content
(mostly II class) and low or moderate human impact; however, relatively high values
of TI}y;, show that the content of nutrients (nitrogen and phosphorous) in waters is not
negligible, and often corresponds with an eutrophic state.

Mino A., Ngjera K., HoxHa B., Sgjpo I. & MEco M., 2018: Kieselalgen-Diversi-
tit und verbundene Qualitit von freiflielenden Fliissen in Albanien (Vjosa-Ein-
zugsgebiet).

Der Artikel gibt einen Uberblick iiber die mikroskopischen Algen (Diatomeen-Bacil-
lariophyceae) im Periphyton von verschiedenen aquatischen Lebensrdumen des Vjo-
sa-Einzugsgebiets (Albanien). Es wurden 252 Taxa von Diatomeen gefunden, haupt-
sichlich Pennatae, von denen mehr als 110 Taxa direkt in der Vjosa gefunden wurden;
in den Benja-Thermalquellen (Lengarica-Zufluss; Permeti) wurden 72 Taxa gefunden.
Nach dem Diatomeenindex der Verschmutzungsempfindlichkeit (IPS) beurteilt, waren
die Gewisser im der gesamten Einzugsgebiet meist von guter Qualitit. Das entspricht
einem niedrigen oder moderaten organischen Gehalt (meist II-Klasse) und mensch-
licher Beeinflussung. Relativ hohe Werte von T1,,;, zeigen jedoch, dass der Gehalt an
Nihrstoffen (Stickstoff und Phosphor) in Gewissern oft hoch ist.

Keywords: Albanian free-flowing rivers, Vjosa River, periphyton, diatoms, ecological
river assessment.

Introduction

Free-flowing rivers such as the Vjosa are considered fundamental biodiversity resources
(OpPERMAN et al. 2015) and are also important for energy generation. Rivers in Albania
are continuously disturbed through pollution due to scarce waste management, through
strong erosion due to poor land use in watershed areas, through gravel mining in the river-
bed, low levels of awareness and education regarding environmental and conservation mat-
ters, as well as through lax application of existing legislation. Recently, the development of
hydropower plants (HPPs) and a large expansion of dams, tunnels, and channels in rivers
represent an extraordinary pressure to harness these natural resources (OPPERMAN et al.
2015). The Vjosa is one of Europe’s last free-flowing rivers and harbours a great diversity
of hydromorphological features. It drains a large area between Greece and Albania and
forms an important delta in the Adriatic Sea.

Diatoms are the main group of eukaryotic algae that populate many aquatic environments.
Their diversity is generally higher in waters of good quality, with low nutrients or pollut-
ants, and in undisturbed habitats. Due to their ecology, diatom communities are a popu-
lar tool for monitoring ecological conditions, past and present, and are commonly used
in studies of water-ecological quality (WxITTON 2013, FIDLEROVA & HLUBIKOVA 2016,
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KaHLERT et al. 2012, etc.). An overview of the diversity of diatoms and the related eco-
logical quality of waters within the Vjosa catchment (Vjosa river, its tributaries, springs
and some reservoirs), based on periphyton samples collected over many years will be pre-
sented here. The data should aid authorities in developing conservation and management
concepts for the future.

Material and methods

Collection of periphyton samples in the Vjosa catchment began in September 1996 and
was continued sporadically until 2015. A total of more than 45 samples are considered here,
of which about 20 samples are from the Vjosa river (from Mifoli to Carshova), and the rest
from tributaries (Drino, Shalsi, Kardhiqi, etc.), from springs (Kelcyra, Tepelena, Benja,
Viroi, etc.), or reservoirs (Krahsi, Viroi, Gusmari, etc.) (Tab. 2 u. Fig. 1).

Sampling was mostly conducted following the standard EN13946:2003, brushing the up-
per surface of the hard substrata (submerged stones) or collecting submerged macrophytes
and macroalgae. Samples were preserved and transported in plastic bottles in formalde-
hyde 4% or denaturized ethanol 90 %. Cleaning of diatom frustules was done by boiling
the material, mainly using H,O, as described by KRAMMER & LANGE-BERTALOT (1986—
2001) or the EU standard EN 14407:2004. Permanent microscopic slides were prepared
using Naphrax (index 1.69). Samples and permanent slides are deposited at the Laboratory
of Botany, University of Tirana.

Examinations, photos and counts were carried out using the optic microscopes Leica
DLMB (Kupk 2006, Hoxna 2008, Jauray 2007, SEypo 2010, Mruo et al. 2008, 2010) and
Motic BA310 (Meco 2013, MEco et al. 2014, NGjELA, 2016) at the Laboratory of Botany,
ENS, University of Tirana. Hoxua (2008) used the microscope Nikon Eclipse 600 for his
examinations of the Vjosa catchment, mostly at Benja thermal springs during his stay with
Prof. A. Witkowski, Department of Palacooceanology, Szczecin University, Poland, dur-
ing May and July 2006. Most of the photos reported here in Plates I-X were taken with the
Nikon camera, the rest with the Motic camera (CMOS 1/2” 3MP — 2048 x 1536 pixel).
The most current names were used for taxonomic identification following KRAMMER &
LaNGE-BerTALOT (1986-2001), LANGE-BERTALOT (2001), KRAMMER (2002), LEVKOV et
al. (2007) and other available literature online, i.e. AlgaeBase (Guiry & Guiry 2018),
GRIGORSZKY et al. 2017, KAHLERT et al. 2012, WHITTON 2013, FIDLEROVA & HLUBIKOVA
2016, Acs et al. 2017a & b, etc.

More than 400 diatom valves were counted in each microscopic slide, thus obtaining sta-
tistically reliable results (confidence limit up to 95 %). Diatom trophic indices were calcu-
lated using the formula of ZELINKA & MARvVAN (1961): Saprobic Index (SI) indicates the
presence of degradable organic compounds (Rott et al. 1997); Trophic Index of Diatoms
(TIpy,) is based on the presence of the inorganic nutrients (nitrogen and phosphorous)
(RotT et al. 1999); Specific Pollution Sensitivity Index (IPS) is correlated with parameters
related to organic pollution, ionic strength, and eutrophication, and provides a complex
estimation of water quality; IPS is the most used index at present; it is calculated using the
formula of ZELINKA & MARVAN (1961) after CosTE in CEMAGREF (1982), corrected after
ELorANTA & KwaNDRANS (1996); the ecological values (S; and V,) were taken from the
Omnidia database (LECOINTE et al. 1993). Numeric processing and all graphs were done
in Microsoft Office Excel 2010, while photo processing was conducted in Corel DRAW X5.
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Fig. 1: Vjosa River with the most important mentioned sampling sites. — Abb. 1: Vjosa-Fluss mit den
wichtigsten erwihnten Probenahmestellen.

Results and discussion

Fulfillment of environmental criteria is important for Albania’s membership in the Euro-
pean Union (EU) (Albania 2018 Report; https://eeas.europa.eu/sites/ecas/files/20180417-
albania-report.pdf). This includes monitoring the ecological status of surface waters ac-
cording to the European Water Framework Directive (WFD 2000). Diatom composition
and related indices are elements of this routine monitoring (WHITTON 2013, ACS et al.
2017). The results reported here are part of several diploma theses in our efforts to examine
algal diversity and to train yong experts in monitoring the ecological status of surface wa-
ters according to the WFD (2000). These theses include: Hoxxa (2008) about Benja and
Vjosa River (its upper part); Jauray (2007), MEgo (2013) about rivers, including some hab-
itats from Vjosa catchement; SEypo (2012) about reservoirs, including also Viroi, Krahsi,
and Ballshi in the Vjosa catchment; NgjeLa (2016) about Vjosa river habitats. Part of this
information is reported by Kupe (2006) in her PhD, or published in Mino et al. (2008,
2010), MEgo et al. (2014). Phytoplankton and periphyton data in habitats of Narta lagoon
(Vjosa delta) were provided by DepES (2006) and XrULAj (2009). Some taxonomic and
ecological data were summarized by Mino & Witkowski (2005), Kure & Mixo (2007),
MiHo et al. (2005, 2013), MEco et al. (2014), and Mruo (2014).
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Taxonomic approach: 252 taxa of diatoms were found in Vjosa catchments waters (1996—
2015) and are reported in the Annex I. Most of them are pennatae (about 230 taxa). Plates
I to X show 141 microscopic photos, representing a total of 116 taxa — the most common,
rare, and interesting ones.

More than 110 taxa were identified in samples from Vjosa River, 60 taxa in Viroi spring,
50 in Mifoli (Vjosa river), 47 in Lekli (Drino river) and 42 in Cajupi spring. About 70
taxa were found in 9 samples collected in Benja thermal springs (Lengarica tributary; Per-
meti) (Hoxna 2008, Kurk 20006). These thermal spring waters are densely populated by
filamentous colonies of Spiragyra sp. (Fig. 2), Oscillatoria sp., or Chara vulgaris var. gym-
nophylla or Chara vulgaris £. longibracteata (Kasata & Mino 2016). The diatom commu-
nity was dominated by D. vulgaris (69 %), and included Achnanthes minutissima, Cocconeis
pediculus, Diatoma moniliformis and Gomphonema olivaceum.

vy

Fig. 2: a, Spirogyra sp. in Benja thermal springs, Permeti (11 May 2014); b, filaments at the micro-
scope (KasaTA & Mi1HO 2016). — Abb. 2: a, Spirogyra sp. in Benja Thermalquellen, Permeti (11 Mai
2014); b, Filamente am Mikroskop (Kasuta & Mino 2016).

Cladophora glomerata seems to be the most common filamentous green alga in the Vjosa
River and its tributaries, as in most other Albanian rivers (M1no et al. 2005, Kupk 2006,
KasaTA & MInO 2016). In the late spring and summer season (May-July), algae were
blooming mostly in slower-flowing parts of the river, with less turbidity or moderate-good
quality. It is worth mentioning the dense growth of river water-crowfoot Ranunculus flui-
tans in Viroi Spring and its related reservoir, mixed also with the water moss Fontinalis sp.

R. fluitans is an TUCN Red List taxa (LC status).

Dense growth of Chara vulgaris var. gymnophylla was also observed in Cajupi karst spring,
situated on the western slope (1100 m). In a net sample from a small karst lake in Gramozi
mountain (2400 m), a very dense growth of zooplankton was present; from microscopic
algae we can mention the diatoms Cymbopleura amphicephala, Caloneis silicula, the green
algae Spirogyra sp., Scenedesmus cf. crassus, Cosmarium cf. granatum, Pediastrum cf. bory-
anum var. typicum, fo. reticulatum, the cyanobacterium Merismopedia cf. elegans, etc.

Compared to other Albanian rivers and springs (Kupe 2005, M=o et al. 2005, 2008, 2010,
MEco et al. 2014, etc.), Vjosa waters are distinguished by a relatively high number of spe-
cies (Tab. 1). In order to represent their ecological importance, Table 2 reports the checklist
of dominant taxa (exceeding 3 %) in 9 river stations of Vjosa, Drino, etc. (NgjeLa 2016).
Table 3, meanwhile, reports the dominant taxa (exceeding 3 %) with their maximum rela-
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tive abundance (RA) and their presence (%) in 9 various habitats of Benja thermal springs
(Lengarica River) (Hoxua 2008).

The most frequent of the centric diatoms were Cyclotella glabriuscula (in 55 % of sam-
ples), Melosira varians (45 %) and Cyclotella distinguenda (36 %); Cyclotella glabriuscula
was found in 16% & 22 % of samples from Viroi spring, Melosira varians was also abun-
dant in Viroi (up to ca. 20 %). From the pennatae diatoms, Achnanthidium minutissimum,
Nitzgschia linearis and Nitzschia palea were found almost in all samples (100 %), followed
by Cocconeis placentula, Gomphonema olivaceum, Gomphonema tergestinum and Nitzschia
dissipata (91 %), Amphora pediculus, Cymbella affinis, Diatoma moniliformis and Diatoma
vulgaris (82 %), Navicula tripunctata, Surirella brebissoni and Ulnaria wlna (73 %), Encyone-
ma ventricosum, Diatoma mesodon, Fragilaria capucina, Meridion circulaire and Navicula
cryptotenelloides (64 %), Cymbella helvetica, Fragilaria acus, Gomphonema parvulum and
Gomphonema pumilum (55 %), Gomphonema clavatum, Navicula antonii, Navicula caterva,
Navicula oligotraphenta and Nitzschia lacuum (45 %), Cymatopleura solea, Diatoma ehren-
bergii, Encyonema prostratum and Fragilaria biceps (36 % of samples).

Among pennatae, the most abundant were Achnanthidium minutissimum (i.e. up to 17 %
of diatom community in Viroi spring, 26 % in Kardhigi river, 29 % in Benc¢a — Tepelena,
31 % in Lekli, more than 44 % in Shalsi river, Mifoli and Benja); abundance of Brachysira
neoexilis was 68 % in Benja thermal springs; Cocconeis placentula up to 65 % in Viroi, 50 %
& 52 % in Dragoti & Qesarati, 41 % in Viroi, 37 % in Memaliaj, 21 % in Permeti, more
than 30% in Benja and Tepelena springs; Cocconeis pediculus up to 16 in Viroi springs;
Cymbella affinis up to 52 % in Qesarati; Cymbopleura amphicephala, Diatoma moniliformis
up to 20% in Mifoli and Kordhoca, 29 % & 47 % in Dragoti, 38 % in Tepelena spring,
20% in Lekli; Gomphonema olivaceum 23 % in Dragoti; Meridion circulaire 21 % in Sotira
torrent; Craticula halophila 28 % in Benja thermal springs; Nitzschia fonticola 26 % in Kel-
cyra spring; Nitzschia palea 28 % in Benja; Nitzschia incospicua 30 % in Benja; Nitzschia
Sfrustulum 34 % in Benja springs; Reimeria sinuata up to 20 % in Carshova; Ulnaria ulna

36% in Shalsi springs.

Rare and little known species appear to present in Vjosa waters as well. Caloneis aff.
acedonica Hustedt (Plate IV, Fig. 6) is likely to be a new species; it is mentioned
also in other Albanian rivers by Kupe (2006), Mixnoa et al. (2005), Kure &
Mrso (2007), HoxHA (2008), MEGO (2013), NGjeLa (2016). Other difficult species in-
clude Amphora sp. (Plate 111, Fig. 11), Craticula ct. buderi (Plate 1V, Figs. 15-16), Navicu-
la ct. subrhynchocephala (Plate V, Fig. 1), Cymbopleura cf. diminuta (Plate V11, Figs. 3—4),
Nitzschia cf. bremensis (Plate IX, Fig. 6) and other taxa not reported in photos. Their ex-
act determination, however, requires more expertise and further details, and probably a
close cooperation with foreign experts.

Ecological approach: Diatom indices are reported in Table 1. T1,, ranged from 1.13 (Me-
maliaj, October 2006) to 2.81 in Carshova (April 2010) (Kupe 2006, Kure & Mino 2007).
Relatively high values of T1},, show that the waters are polluted by inorganic matter and
nutrients (nitrogen and phosphorous); considering the T1},, values, after RotT etal. (1999)
the mean annual of the total phosphorous would be up to 0.1 mg/I (>0.65 mg/l as extreme
value). But the SI values mainly indicate a low or moderate content of organic matter, and
low or moderate impact, which is likely explained by a high capacity for self-purification
of the Vjosa waters and its tributaries (RotT et al. 1997). From more than 45 periphyton
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Tab. 3: List of the dominant taxa (exceeding 3 %) with their maximum relative abundance (RA) and
their presence (%) in 9 various habitats of Benja thermal springs (Lengarica River) in 22.10.2005
(Hoxua 2008). — Tab. 3: Liste der dominanten Taxa (iiber 3 %) mit ihrer maximalen relativen Hiu-
figkeit (RA) und ihrer Anwesenheit (%) in 9 verschiedenen Lebensriumen der Benja Thermalquel-

len (Lengarica River) am 22.10.2005 (Hoxza 2008).

Name of species | Maximal RA (%) | Presence (%)
Centrales

Cyclotella commensis Hustedt | 9.8 | 56
Pennales

Achnanthes exigua var. elliptica Hustedt 27 44
Achnanthidium minutissimum (Kiitzing) Czarnecki 48.6 100
Amphora pediculus (Kiitzing) Grunow 34.3 33
Brachysira neoexilis Lange-Bertalot 68 33
Caloneis sp. (nov. sp.) 4.8 56
Cocconeis placentula Ehrenberg 33.3 67
Craticula halophila (Grunow) D.G.Mann 28.1 22
Cymbella affinis Kiitzing 44 22
Denticula tennius Kiitzing 12.1 11
Diatoma mesodon (Ehrenberg) Kiitzing 19.3 11
Diatoma moniliformis Kiitzing 48.2 11
Diatoma tenuis Agardh 4.2 22
Diatoma vulgaris Bory gr. 22.1 22
Encyonema ventricosum (C.Agardh) Grunow 5.7 33
Fragilaria biceps (Kiitzing) Hustedt 7 11
Fragilaria capucina Desmaziéres agg. 3.9 11
Frustulia vulgaris (Thwaites) De Toni 39 22
Gomphonema olivaceum (Hornemann) Brebisson gr. 5.2 11
Gomphonema pumilum (Grunow) Reichardt & Lange-Bertalot 10.4 33
Meridion circulaire (Grewille) Agardh var. circulaire 10.9 22
Navicula capitatoradiata Germain 11.2 11
Navicula caterva Hohn & Hellerman 5.3 11
Navicula cryptotenelloides Lange-Bertalot 8.6 55
Navicula erifuga Lange-Bertalot 8.0 33
Navicula veneta Kiitzing 15.1 11
Navicymbula pusilla (Grunow) Krammer 49 33
Nitzschia denticula Grunow 4.7 22
Nitzschia dissipata (Kiitzing) Grunow 9.6 22
Nitzschia frustulum (Kiitzing) Grunow 34.1 11
Nitzschia incospicua Grunow 30.0 33
Nitzschia palea (Kiitzing) W. Smith var. palea 28.3 55
Nitzschia palea var. debilis (Kiitzing) Grunow 18.5 22
Nitzschia recta Hantzsch 5.9 11
Rhopalodia brebissonii Krammer 3.4 11
Tryblionella apiculata Gregory 4.1 44
Ulnaria ulna (Nitzsch) Compére 13.1 44
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Fig. 3: Ecological quality overview in the Vjosa basin (up to yr. 2015, Tab. 1) according to the IPS;
the colours are after Water Framework Directive (WFED 2000). — Abb. 3: Uberblick iiber die 8kolo-
gische Qualitit im Vjosa-Becken (bis zum Jahr 2015; Tab. 1) gemif§ dem IPS; Die Farben sind nach
der Wasserrahmenrichtlinie (WFD 2000).

samples assessed, IPS classes in 40 samples were of Good or High quality. Only 6 samples
were of Poor or Moderate quality, most of them in Benja springs (Tab. 1, Fig. 3) (quality
colors after WFED, 2000).

Of the similar studies on the ecological quality of the Vjosa catchment, Gyint et al. (2015)
should be mentioned here. The team studied diatoms in Viroi lake (Gjirokastra) during
the summer of 2011. A total of 83 taxa were identified, belonging to Nitzschia (16 taxa),
Navicula (10 taxa), Gomphonema (6 taxa), Surirella (6 taxa), and Cymbella (4 taxa). Based
on the presence of indicator species, the ecological water quality was I-II (oligo-mesosap-
robious to beta-mesosaprobious). Gjint et al. (2013) also reported the diatoms in Drino
River (Gjirokastra); 5 stations were sampled during autumn of 2012; about 69 taxa were
identified, belonging to Nitzschia (12 taxa), Navicula (9 taxa), Cocconeis (3 taxa), Surire-
lla (4 taxa) etc. According to the bioindicator species, the ecological quality of waters was
classified into class II (beta-mesosaprobic).

According to PrIFTI et al. (2014), the phosphorous content in the Vjosa river varied from
0.01 to 0.39 mg/I (average 0.095-0.2 mg/l), measured twice during June-December 2012
in only 2 stations: Tri Urat (Carshova) and Mifoli. Duka & VaLija (pers. comm.) report
that the level of phosphorous varied from about 0.01 mg/l P-PO4 in the River Benca (Tepe-
lena town), to more than 0.072 mg/l P-PO4 in Mifoli (Vjosa River). Setting aside the fact
that the reported data are very general, they show that the trophic state of waters change
from meso- to hypertrophic (OECD 2006, CarLsoN & SimpsoN 1996), providing con-
firmation of our diatom indexes reported in Table 1.

Conclusions: The diatom community from more than 45 periphyton samples from Vjo-
sa catchment is considered here, sporadically collected during the period 1996-2015.
About 20 samples are from the Vjosa river (from Mifoli to Carshova), the rest from its
tributaries (Drino, Shalsi, Kardhigi, etc.), springs (Kelcyra, Tepelena, Benja, Viroi, etc.),
or reservoirs (Krahsi, Viroi, Gusmari, etc.). 252 taxa of diatoms were identified, most of
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them pennatae (about 230 taxa); more than 110 taxa were found in the Vjosa River. Be-
side the examination of algal diversity, our efforts were focussed on training young ex-
perts to be able to monitor the ecological status of surface waters according to the Water
Framework Directive (WFD 2000); several diatom indices were calculated: SI, Saprobic
Index (RoTT et al. 1997); T1,,,,, Trophic Index (RoTT et al. 1999); IPS, Specific Pollution
Sensitivity Index (CosTE in CEMAGREF 1982; corrected after ELorANTA & KwANDRANS
1996), etc. Based on these indices, the ecological quality of waters in the Vjosa catchment
appears to be of good quality. However, the waters may contain pollution from inorganic
mater, nutrients (nitrogen and phosphorous), but with a low or moderate impact, prob-
ably due to the self-purification capacity of rivers. High microbiological values were also
found in the parts of the river close to urban centres (HamzaRraj et al., pers. comm.).

Many countries have adopted a single, well-described approach for monitoring river water
quality, which involves the use of indices related to diatom composition at a site. Albania
is making efforts to meet EU environmental criteria, including monitoring the ecologi-
cal state of surface waters according to the European Water Framework Directive (WFD
2000). Diatom composition and related indices belong to the elements of routine moni-
toring and can be easily applied and supported, including to the waters of the Vjosa catch-
ment. Applying these methods would help authorities in developing future conservation
and management concepts, especially regarding the large-scale expansion of dams and
non-sustainable hydropower development plans in the near future.
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Annex

Annex I: Checklist of diatoms found in different aquatic habitats (given in table 1) of Vjosa catch-
ment. — Anhang I: Checkliste der Kieselalgen in verschiedenen aquatischen Lebensriumen (in Ta-

belle 1) des Vjosa-Einzugsgebiets.

Centrales

Cycllotella distinguenda Hustedt

Cycllotella radiosa (Grunow) Lemmermann

Cyclotella commensis Hustedt

Cyclotella cyclopuncta Hakansson

Cyclotella ocellata Pantocsek

Cyclotella pseudostelligera Hustedt

Handmannia glabriuscula (Grunow) Kocio-
lek & Khursevich

Melosira varians Agardh

Stephanodiscus alpinus Hustedt

Stephanodiscus hantzschii Grunow

Stephanodiscus medius Hikansson
Stephanodiscus parvus Hikansson

Pennales

Achnanthes brevipes C.Agardh

Achnanthes exigua var. elliptica Hustedt

Achnanthidium caledonicum (Lange-Berta-
lot) Lange-Bertalot) (=Achnanthes minu-
tissima var. scotica (Carter) Lange-Berta-

lot)

Achnanthidium catenatum (Bily & Marvan)
Lange-Bertalot
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Achnanthidium eutrophilum (Lange-Ber-
talot) Lange-Bertalot

Achnanthidium exile (Kiitzing) Heiberg

Achnanthidium minutissimum (Kitzing)
Czarnecki

Adlafia minuscula var. muralis (Grunow)
Lange-Bertalot

Amphiplenra pellucida Kiitzing

Amplmm inariensis Krammer

Amphora lybica Ehrenberg

Amphora montana Krasske

Amphora ovalis (Kiitzing) Kiitzing

Amphora pediculus (Kiitzing) Grunow

Amphora sp.

Anomoeoneis sphaerophora Phtzer

Brachysira calcicola Lange-Bertalot

Brachysira neoexilis Lange-Bertalot

Caloneis aff. macedonica Hustedt

Caloneis bacillum (Grunow) Cleve

Caloneis fontinalis (Grunow) Cleve-Euler

Caloneis hyalina Hustedt

Caloneis lancettula (Schulz) Lange-Bertalot
& Witkowski

Caloneis macedonica Hustedt

Caloneis schumanniana (Grunow) Cleve

Caloneis silicula (Ehrenberg) Cleve agg.

Caloneis tenuis (Gregory) Krammer

Cocconeis neodiminuta Krammer

Cocconeis pediculus Ehrenberg

Cocconeis placentula Ehrenberg var. placen-
tula

Cocconeis placentula var. lineata (Ehrenberg)
Van Heurck

Craticula accomoda (Hustedt) D.G.Mann

Craticula cf. buderi (Hustedt) Lange-Bertalot

Craticula cuspidata (Kutzing) D.G.Mann

Craticula halophila (Grunow) D.G.Mann

Craticula molestiformis (Hustedt) Mayama

Ctenophora pulchella (Ralfs ex Kiitzing)
Williamms et Round

Cymatopleura solea (Brebisson) W. Smith

Cymbella affinis Kiitzing

Cymbella aspera (Ehrenberg) H.Peragollo

Cymbella cantonati Krammer

Cymbella cf. turgidula Grunow (cf. var. vene-
zuelana Krammer)

Cymbella cistula (Ehrenberg) Kirchner

Cymbella cymbiformes Agardh

Cymbella helvetica Kiitzing

Cymbella laevis Nigeli

Cymbella lanceolata (Ehrenberg) Kirchner

Cymbella lange-bertalotii Krammer

Cymbella subbelvetica Krammer

Cymbella tumida (Brebissoni) Van Heurck

Cymbopleura amphicephala (Nigeli) Kram-
mer

Cymbopleura cf. diminuta (Grunow) Kram-
mer

Cymbopleura cuspidara (Kiitzing) Krammer

Cymbopleura incerta (Grunow) Krammer

Delicata delicatula (Kiitzing) Krammer
(=Cymbella delicatula Kitzing)

Denticula tennius Kiitzing

Diatoma ehrenbergii Kiitzing

Diatoma hyemalis (Roth) Heiberg

Diatoma hyemalis (Roth) Heiberg

Diatoma mesodon (Ehrenberg) Kiitzing

Diatoma moniliformis Kiitzing

Diatoma tenuis C. Agardh

Diatoma vulgaris Bory gr.

Diatoma vulgaris var. ovalis (Fricke) Hustedt

Diploneis ellyptica (Kiitzing) Cleve

Diploneis marginestriata Hustedt

Diploneis notabilis (Greville) Cleve

Diploneis oblongella (Nigeli) Cleve-Euler

Diploneis oculata (Brebisson) Cleve

Diploneis ovalis (Hilse) Cleve

Diploneis puella (Schumann) Cleve

Encyonema leibleinii (C.Agardh) W] Silva,
R Jahn, T.AVeiga Ludwig & M.Menezes
(=Encyonema prostratum (Berkeley) Kiit-
zing)

Encyonema minutiforme Krammer

Encyonema minutum (Hilse) D.G.Mann

Encyonema silesiacum (Bleisch) D.G.Mann

Encyonema ventricosum (C.Agardh) Grunow

Encyonopsis descripta (Hustedt) Krammer

Encyonopsis microcephala (Grunow) Kram-
mer gr.

Encyonopsis subminuta Krammer &
Reichardt

Eolimna minima (Grunow) Lange-Bertalot
& W.Schiller

Epithemia adnata (Kiitzing) Brebisson

Epithemia smithii Carruthers

Epithemia sorex Kiitzing

Epithemia turgida (Ehrenberg) Kiitzing

Eunotia arcus Ehrenberg

Eunotia bidens Ehrenberg

Eunotia sp.
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Fallacia lenzii (Hustedt) Lange-Bertalot

Fallacia pygmaea (Kiitzing) Stickle &
D.G.Mann

Fistulifera saprophila (Lange-Bertalot &
Bonik) Lange-Bertalot

Fragilaria acus Kitzing

Fragilaria biceps (Kiitzing) Hustedt

Fragilaria capucina Desmazires agg.

Fragilaria capucina var. capitellata (Grunow)
Lange-Bertalot

Fragilaria capucina var. distans (Grunow)
Lange-Bertalot

Fragilaria capucina var. gracilis (Oestrup)
Hustedt

Fragilaria capucina var. rumpens (Kiitzing)
Lange-Bertalot

Fragilaria capucina var. vaucheriae (Kiitzing)
Lange-Bertalot

Fragilaria construens (Ehrenberg) Grunow
fo. construens

Fragilaria crotonensis Kitton

Fragilaria exigua Grunow

Fragilaria lata (A.Cleve) Renberg

Fragilaria tenera (W.Smith) Lange-Bertalot

Frustulia spicula Amosse

Frustulia vulgaris (Thwaites) De Toni

Geissleria decussis (Ostrup) Lange Bertalot &
Metzeltin

Gomphoneis transsilvanica (Pantocsek)
Krammer

Gomphonema acuminatum Ehrenberg

Gomphonema angustarum (Kiitzing) Ra-
benhorst

Gomphonema capitarum Ehrenberg

Gomphonema clavatum Ehrenberg

Gomphonema exilissimum (Grunow) Lan-
ge-Bertalot & Reichardt

Gomphonema hebridense Gregory

Gomphonema insigne Gregory

Gomphonema micropus Kiitzing

Gomphonema minutiforme Lange-Bertalot &
Reichardt

Gomphonema minutum (Agardh) Agardh
agg.

Gomphonema olivaceum (Hornemann) Bre-
bisson gr.

Gomphonema parvulum Kiitzing agg.

Gomphonema pseudotenellum Lange-Bertalot

Gomphonema pumilum (Grunow) Reichardt
& Lange-Bertalot

Gomphonema pumilum var. elegans Reich-
ardt & Lange-Bertalot

Gomphonema sarcophagus Gregory

Gomphonema tergestinum Fricke

Gomphonema truncatum Ehrenberg

Gomphonema vibrio Ehrenberg

Grunowia solgensis (A.Cleve) Aboal
(=Nitzschia sinuata var. delognei
(Grunow) Lange-Bertalot)

Grunowia tabellaria (Grunow) Rabenhorst
(=Nitzschia sinuata var. tabellaria (Gru-
now) Grunow)

Gyrosigma acuminatum (Kitzing) Ra-
benhorst

Gyrosigma nodiferum (Grunow) Reimar

Gyrosigmas calproides (Rabenhorst) Cleve

Halamphora veneta (Kiitzing) Levkov (=Am-
phora veneta Kiitzing)

Hannaea arcus (Ehrenberg) R.M.Patrick

Hantzschia amphyoxys (Ehrenberg) Grunow

Hippodonta capitata (Ehrenberg) Lange-Ber-
talot, Metzeltin & Witkowski

Kolbesia gessneri (Hustedt) Aboal (=Achnan-
thes ploenensis var. gessneri (Hustedt)
Lange-Bertalot)

Luticola cobnii (Hilse) D.G.Mann

Luticola nivalis (Ehrenberg) D.G. Mann

Luticula mutica (Kiitzing) D. G. Mann

Luticula paramutica (W. Bock) D.G.Mann

Mastoglia cf. pumilla (Grunow) Cleve

Mastogloia elliptica (Agardh) Cleve

Mastogloia smithii Thwaites var. smithii

Mastogloia smithii var. lacustris Grunow

Mayamaea atomus (Kiitzing) Lange-Bertalot

Meridion circulaire (Grewille) Agardh var.
circulaire

Navicula amphiceropsis Lange-Bertalot &
Rumrich

Navicula antonii Lange-Bertalot

Navicula capitatoradiata Germain

Navicula cari Ehrenberg

Navicula caterva Hohn & Hellerman

Navicula cf. microcari Lange-Bertalot

Navicula cf. subrhynchocephala Hustedt

Navicula cincta (Ehrenberg) Ralfs

Navicula cryptocephala Kiitzing

Navicula cryptotenella Lange-Bertalot

Navicula cryptotenelloides Lange-Bertalot

Navicula dealpina Lange-Bertalot

Navicula digitoconvergens Lange-Bertalot
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Navicula erifuga Lange-Bertalot

Navicula jakovljevicii Hustedt

Navicula leptostriata Jorgensen

Navicula menisculus Schumann

Navicula minima Grunow

Navicula novasiberica Lange-Bertalot

Navicula oligotraphenta Lange-Bertalot &
Hofmann

Navicula pseudoppugnara Lange-Bertalot &
Miho

Navicula radiosa Kitzing

Navicula reichardtiana Lange-Bertalot

Navicula schroeteri Meister

Navicula sp.

Navicula splendicula Van Landingham

Navicula tripunctata (O. E. Miiller) Bory

Navicula trivialis Lange-Bertalot

Navicula veneta Kiitzing

Navicula viridula (Kutzing) Ehrenberg

Navicymbula pusilla (Grunow) Krammer

Nitzschia acicularis (Kitzing) W.Smith

Nitzschia alpina (Hustedt) Lange-Bertalot

Nitzschia amphibia Grunow

Nitzschia angustata (W. Smith) Grunow

Nitzschia angustatula Lange-Bertalot

Nitzschia cf. bremensis Hustedt

Nitzschia clausii Hantzsch

Nitzschia denticula Grunow

Nitzschia dissipata (Kiitzing) Grunow

Nitzschia dissipata var. media (Hantzsch)
Grunow

Nitzschia draveillensis Coste et Ricard

Nitzschia dubia W.Smith

Nitzschia elegantula Grunow

Nitzschia fonticola Grunow

Nitzschia frustulum (Kitzing) Grunow

Nitzschia gracilis Hantzsch

Nitzschia heufleriana Grunow

Nitzschia incospicua Grunow

Nitzschia intermedia Hantzsch

Nitzschia lacuum Lange-Bertalot

Nitzschia linearis (Agarth) W. Smith var.
linearis

Nitzschia littoralis Grunow

Nitzschia palea (Kiitzing) W. Smith var. pa-
lea

Nitzschia palea var. debilis (Kiitzing) Gru-
now

Nitzschia perminuta (Grunow) M.Peragallo

Nitzschia recta Hantzsch

Nitzschia sigmoidea (Nitzsch) W. Smith

Nitzschia solita Hustedt

Nitzschia sp.

Nitzschia subacicularis Hustedt

Nitzschia vermicularis (Kuitzing) Hantzsch

Pinnularia brebissonii (Kiitzing) Rabenhorst

Pinnularia interrupta W.Smith

Pinnularia microstauron (Ehrenberg) Cleve

Pinnularia neomajor Krammer

Pinnularia obscura Kraske

Pinnularia sp.

Pinnularia viridiformis Krammer

Placoneis placentula (Ehrenberg) Mere-
schkowsky

Planothidium frequentissimum (Lange-Berta-
lot) Lange-Bertalot

Planothidium lanceolatum (Brébisson ex
Kiitzing) Lange-Bertalot

Reimeria sinuata (W.Gregory) Kociolek &
Stoermer

Rhoicosphenia abbreviata (Agardh) Lan-
ge-Bertalot

Rhopalodia brebissonii Krammer

Rhopalodia gibba (Ehrenberg) O. Miiller

Sellaphora bacillum (Ehrenberg)D.G.Mann

Sellaphora pupula (Kiitzing) Mereschkowksy

Sellaphora seminulum (Grunow) D.G.Mann

Sellaphora submuralis (Hustedt) C.EWetzel,
L.Ector, BVan de Vijver, Compére &
D.G.Mann

Stauroneis agrestis Petersen

Stauroneis anceps Ehrenberg

Surirella angusta Kiitzing

Surirella brebissoni Krammer & Lange-Ber-
talot

Surirella brebissonii var. kuetzingii Krammer
& Lange-Bertalot

Surirella gracilis Grunow

Surirella linearis var. helvetica (Brun) F. Mei-
ster

Surirella linearis W. Smith var. linearis

Surirella minuta Brébisson

Surirella ovalis Brébisson

Surirella sp.

Surirella splendida (Ehrenberg) Kiitzing

Surirella tenera W. Gregory

Tryblionella apiculata Gregory (=Nitzschia
constricta (Kiitzing) Ralfs)

Ulnaria ulna (Nitzsch) Compere
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Plate I: 1, Stephanodiscus medius; 2, Handmannia glabriuscula; 3, Cyclotella cyclopuncra; 4, C. comen-
sis; 5, C. ocellata; 6, C. meneghiniana; 7, Melosira varians; 8=9, Meridion circulaire; 10, Diatoma mes-
odon; 11, D. vulgaris; 12, D. moniliformis; 13, D. tenuis; 14, D. hyemalis (9, Gramozi lake, Erseka;
the rest from Benja thermal springs, Permeti). — Tafel I: 1, Stephanodiscus medius; 2, Handmannia
glabriuscula; 3, Cyclotella cyclopuncta; 4, C. comensis; 5, C. ocellata; 6, C. meneghiniana; 7, Melosi-
ra varians; 8=9, Meridion circulaire; 10, Diatoma mesodon; 11, D. vulgaris; 12, D. moniliformis; 13,
D. tenuis; 14, D. hyemalis (9, Gramozi See, Erseka; der Rest von Benja Thermalquellen, Permeti).

PLATE I
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Plate 1I: 1, Diatoma chrenbergii; 2, Ulnaria ulna; 3, Fragilaria tenera; 4, Ctenophora pulchella; 5,
Fragilaria capucina var. rumpens; 6, F. capucina; 7-8, F. capucina var. gracilis; 9, F. biceps; 10, F.
acus; 11-12, Achnanthidium minutissimums 13, A. eutrophilum;14-15, Planothidium lanceolatum (5,
Lekli, Drino river, Tepelena; 10, Black spring, Permeti; 15, Viroi spring, Gjirokastra; 16, Zhuka,
Vjosa river, Vlora; the rest from Benja thermal springs, Permeti). — Tafel II: 1, Diatoma chrenbergii;
2, Ulnaria ulna; 3, Fragilaria tenera; 4, Ctenophora pulchella; 5, Fragilaria capucina var. rumpens; 6,
F. capucina; 7-8, F. capucina var. gracilis; 9, F. biceps; 10, F. acus; 11-12, Achnanthidium minutissi-
mum; 13, A. eutrophilum;14-15, Planothidium lanceolatum (5, Lekli, Drino, Tepelena; 10, Schwarzer
Quelle, Permeti; 15, Viroi Quelle, Gjirokastra; 16, Zhuka, Vjosa Fluss, Vlora; der Rest von Benja
Thermalquellen, Permeti).
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Plate I11I: 1, Cocconeis pediculus; 2-3, C. placentula var. lineata; 4, C. neodiminuta; 5—6, Rhoicosphe-
nia abbreviata; 7, Amphora pediculus; 8, A. libyca; 9-10, Halamphora veneta; 11, Amphora sp.; 12—13,
Brachysira neoexilis; 14—15, Luticola mutica; 16, L. nivalis; 17, Navicula minima (3, Mifoli, Vjosa riv-
er; 5-06, Black spring, Permeti; 7-9, Viroi spring, Gjirokastra; the rest from Benja thermal springs,
Permeti). — Tafel I1I: 1, Cocconeis pediculus; 2-3, C. placentula var. lineata; 4, C. neodiminuta; 5-6,
Rhoicosphenia abbreviata; 7, Amphora pediculus; 8, A. libyca; 9-10, Halamphora veneta; 11, Amphora
sp.; 12-13, Brachysira neoexilis; 1415, Luticola mutica; 16, L. nivalis; 17, Navicula minima (3, Mi-

foli, Vjosa Fluss; 5-6, Schwarzer Quelle, Permeti; 7-9, Viroi Quelle, Gjirokastra; der Rest von Benja
Thermalquellen, Permeti).
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Plate IV: 1, Mastogloia elliptica; 2-3, 42, M. smithii; 5, Sellaphora pupula; 6, Caloneis aff. macedonica;
7, C. macedonica; 8, C. silicula; 9-10, C. lancettula; 11, Caloneis fontinalis; 12, Pinnularia obscura;
13, Craticula halophila; 14, C. cuspidata; 15-16, Craticula cf. Buderi ?? (10, from Cajupi springs, the
rest from Benja thermal springs, Permeti). — Tafel IV: 1, Mastogloia elliptica; 2-3, 42, M. smithii; 5,
Sellaphora pupula; 6, Caloneis aff. macedonica; 7, C. macedonica; 8, C. silicula; 9-10, C. lancettula; 11,
Caloneis fontinalis; 12, Pinnularia obscura; 13, Craticula halophila; 14, C. cuspidata; 15-16, Craticula
cf. Buderi 2 (10, aus Cajupi Quellen, der Rest von Benja Thermalquellen, Permeti).
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N. dealpina; 4, N. jakovljevicii; 5, Na-
, N. cincta; 1012, N. cryptotenelloides;

53,
16
15, N. veneta; 15, N. antonii (from Benja thermal springs, Permeti). — Tafel V: 1,

2, N. tripunctata

vicula radiosa; 6, N. splendicula; 7, N. capitatoradiata; 8-9,

>
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Plate V: 1, Navicula cf. subrhynchocephala;
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16, N. cincta; 10-12, N. cryptotenelloides; 13, N.
15-16

N. dealpina; 4, N. jakovljevicii; 5, Navicula ra-
(von Benja Thermalquellen, Permeti).
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Plate V1: 1, Gomphoneis transsilvanica; 2, Gomphonema truncatum; 3, G. acuminatum; 4, G. clava-
tum; 5, G. olivaceum; 6, G. sarcophagus; 7, G. parvulum; 8, G. tergestinum; 9-10, G. pumilum var.
elegans; 11-12, G. pseudotenellum; 13—14, Encyonopsis microcephala; 15, E. descripta; 16, Navicula
cryprocephala ; 17, Diploneis notabilis (3, Viroi spring, Gjirokastra; 17, Zhuka, Vjosa river, Vlora; the
rest from Benja springs, Permeti). — Tafel V1: 1, Gomphoneis transsilvanica; 2, Gomphonema trunca-
tum; 3, G. acuminatum; 4, G. clavatum; 5, G. olivaceum; 6, G. sarcophagus; 7, G. parvulum; 8, G. terg-
estinum; 9-10, G. pumilum var. elegans; 11-12, G. pseudotenellum; 1314, Encyonopsis microcephala;
15, E. descripta; 16, Navicula cryptocephala ; 17, Diploneis notabilis (3, Viroi Quelle, Gjirokastra; 17,
Zhuka, Vjosa Fluss, Vlora; der Rest von Benja Thermalquellen, Permeti).
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Plate VII: 1, Encyonema prostratum; 2, Cymbella cistula; 3—4, Cymbopleura cf. diminuta; 5, Cymbella
helvetica; 6, Cymbopleura amphicephala; 7, Cymbella affinis; 8, Encyonema silesiacums; 9, E. ventrico-
sum; 10, Reimeria sinuata (10, Mifoli, Vjosa river, Vlora; the rest from Benja thermal springs, Per-
meti). — Tafel VII: 1, Encyonema prostratum; 2, Cymbella cistula; 3—4, Cymbopleura cf. diminuta;
5, Cymbella helvetica; 6, Cymbopleura amphicephala; 7, Cymbella affinis; 8, Encyonema silesiacum;
9, E. ventricosum; 10, Reimeria sinuata (10, Mifoli, Vjosa Fluss, Vlora; der Rest von Benja Ther-
malquellen, Permeti).
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Plate VIII: 1, Cymbella subbelvetica; 2, C. cantonati; 3, Cymbopleura incerta; 4, Delicata delicatu-
la; 5, Gomphonema insigne; 6, Diploneis elliptica; 7, Neidium binodis; 8, Sellaphora bacillum; 9-10,
Grunowia solgensis; 11-12, Denticula tennius; 13-14, Nitzschia incospicua; 15, Tryblionella apiculata
(5, 8, Viroi spring, Gjirokastra; 7, Lekli, Drino river, Tepelena; the rest from Benja thermal springs,
Permeti). — Tafel VIII: 1, Cymbella subbelvetica; 2, C. cantonati; 3, Cymbopleura incerta; 4, Delicata
delicatula; 5, Gomphonema insigne; 6, Diploneis elliptica; 7, Neidium binodis; 8, Sellaphora bacillum;
9-10, Grunowia solgensis; 11-12, Denticula tennius; 13-14, Nitzschia incospicua; 15, Tryblionella
apiculata (5, 8, Viroi Quelle, Gjirokastra; 7, Lekli, Drino Fluss, Tepelena; der Rest von Benja Ther-
malquellen, Permeti).
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Plate IX: 1, Gyrosigma nodiferums; 2, G. scalproides; 3, Nitzschia linearis; 4, N. gracilis; 5, N. interme-
dia; 6, Nitzschia cf. bremensis; 7, N. amphibia; 8, N. dissipata; 9, N. palea; 10-11, N. elegantula; 12,
N. fonticola; 13, N. solita; 14, N. clausii (from Benja thermal springs, Permeti). — Tafel IX: 1, Gyro-
sigma nodiferum; 2, G. scalproides; 3, Nitzschia linearis; 4, N. gracilis; 5, N. intermedia; 6, Nitzschia
cf. bremensis; 7, N. amphibia; 8, N. dissipata; 9, N. palea; 10-11, N. elegantula; 12, N. fonticola; 13,
N. solita; 14, N. clausii (von Benja Thermalquellen, Permeti).
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Plate X: 1, Surirella ovalis; 2, Surirella brebissonii; 3, S. brebissoni var. kuetzingii; 4, S. angusta; 5,
Nitzschia denticula; 6, N. perminuta; 7, Rhopalodia brebissonii; 8, Epithemia adnata (2, Lekli, Drino
river, Tepelena; 3, 8, Cajupi spring, Gjirokastra; 5, Mifoli, Vjosa river, Vlora; 6, Kordhoca, Drino
river, Gjirokastra; the rest from Benja thermal springs, Permeti). — Tafel X: 1, Surirella ovalis; 2,
Surirella brebissonii; 3, S. brebissoni var. kuetzingii; 4, S. angusta; 5, Nitzschia denticula; 6, N. per-
minuta; 7, Rhopalodia brebissonii; 8, Epithemia adnata (2, Lekli, Drino Fluss, Tepelena; 3, 8, Cajupi
Quelle, Gjirokastra; 5, Mifoli, Vjosa Fluss, Vlora; 6, Kordhoca, Drino Fluss, Gjirokastra; der Rest
von Benja Thermalquellen, Permeti).
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