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1. INTRODUCTION

In the framework of the hydrobiological characte-
rization of the main watercourses of the Pollino
National Park undertaken by the Ecology Department
of the University of Calabria and the Environmental
Protection Agency of Piemonte (Cuneo Department),
a study of the Diatom communities was undertaken.
Besides that of obtaining a f irst picture of the
taxonomic presences in the area, aim of this work was
to test the usefulness of different methods of study,
such as some specific Diatom-based biotic indices and
chemico-physical data. Lastly, differences between
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SUMMARY - Quality of the main watercourses in the Pollino National Park (Apennine Mts., S. Italy) on the basis
of the Diatom benthic communities - The Diatom communities in 7 stations along 6 rivers in the Pollino National
Park were sampled in November 2000. Following the identification of 67 taxa, values of EPI-D eutrophication/
pollution index and NNS, an index for the evaluation of the degree of physical disturbance, were calculated. Analysis
was undertaken on water for 5 chemico-physical variables. The stations situated along the Argentino and Abatemarco
Rivers (Tyrrhenian basins) showed higher quality than those situated within the Ionian basins and generally the
more typically “Tyrrhenian” stations (and relative taxa) can be distinguished from the “Ionian” ones. Moreover, two
particular situations emerged: the station on the Sarmento River, which showed the lowest proportion of motile
taxa, and the one on the Peschiera River, characterized by a high number of motile taxa and a relatively high value
of the EPI-D pollution/eutrophication index. The possible explanations for these two situations are, respectively,
hydrological factors and shading of the stream bed.

RIASSUNTO - Qualità dei principali corsi d’acqua nel Parco Nazionale del Pollino (Appennini, Italia meridionale)
sulla base delle comunità di Diatomee bentoniche - Il presente studio è stato condotto nel novembre 2000 in 7 stazioni
su 6 corsi d’acqua del Parco Nazionale del Pollino per la valutazione della loro qualità sulla base delle comunità di
Diatomee bentoniche. Sono stati identificati 67 taxa, sulla base dei quali sono stati calcolati i valori dell’indice di
polluzione/eutrofizzazione EPI-D e dell’indice NNS mirato alla valutazione del grado di disturbo fisico. Sono stati
rilevati anche i valori di 5 variabili chimico-fisiche. Le stazioni situate sul Fiumi Argentino e Abatemarco sono risul-
tate di qualità più alta. Rispetto a qualle “Ioniche” ed in generale si possono distinguere le stazioni del versante
tirrenico (con i relativi taxa) da quelle lucane. Inoltre, sono state esaminate due situazioni particolari: la stazione sul
Fiume Sarmento, caratterizzata da una proporzione bassa di taxa mobili e la stazione sul Fiume Peschiera, che presen-
tava una quota piuttosto alta dei citati taxa mobili accompagnata da un valore di EPI-D piuttosto elevato. Come cause
sono state ipotizzate rispettivamente i fattori idrologici e il grado di ombreggiatura.
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Ionian and Tyrrhenian river basins at the Diatom
community level were investigated.

2. MATERIAL AND METHODS

The study, undertaken in November 2000, involved
the sampling of 7 stations (Fig. 1) along 4 Ionian
(Sarmento, Sinni, Peschiera e Frida) and 2 Tyrrhenian
(Argentino and Abatemarco) rivers. Along the River
Abatemarco, 2 stations were sampled.

Rivers on the Ionian side of the National Park are
characterized by relatively low slope, greater temporal
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variability of discharge (particularly strong in the lower
reaches), higher conductivity. Tyrrhenian rivers are
characterized by shorter distances between source and
estuary (i.e. greater slopes and consequently higher
levels of dissolved oxygen), higher percentages of
wooded vegetation cover of the basins. The climate is
also different, being drier and with greater variations
in temperature in the Ionian basins. The prevalent
geological substrate is sedimentary rock (calcareous-
dolomitical formations) throughout the National Park.

Samples were taken by means of a toothbrush, kept
in formalin, incinerated at 550 °C and mounted for
microscopical examination with NaphraxTM optical
medium. Following taxonomical identification aided
by drawing by means of a camera lucida and
identification keys (Krammer & Lange-Bertalot 1991-
2000), the EPI-D (Eutrophication Pollution Index –
Diatoms) (Dell’Uomo 1996, 2004) was calculated.
EPI-D values range from 0.0 to 4.0 and are subdivided
among 5 classes (from I to V, Tab. 1).

The NNS (= Navicula, Nitzschia and Surirella)
Index (Battegazzore et al. in press) was calculated for
all stations according to the formula:

               S
Navicula

 + S
Nitzschia

 + S
Surirella

(1)       NNS = ______________________ 100
                      S

Tot.

where S followed by a genus name is the number
of species belonging to the same genus, and S

Tot.
 is the

total number of species in the sample. Values range
from 0 to 100 and represent an estimate of the degree
of physical disturbance in the sampling locations in
terms of siltation. This index is based on the work by
Hill et al. (2001) according to whom all species
belonging to the genera Navicula, Nitzschia and

Surirella are characterized by high motility and Bahls
(1993), who proposed the use of mobile Diatom taxa
to estimate physical disturbance. Information on the
indicator values of Diatom species for various attributes
including motility are also found in Van Dam et al.
(1994).

A chemical-physical characterization of the water
was undertaken (temperature, pH, hardness, conducti-
vity and dissolved oxygen) according to APHA (1998).

3. RESULTS

A total of 67 Diatom taxa (Tab. 2) was identified,
most at the species level and some at the genus or
subspecies level. In single samples, numbers of taxa
ranged from 16 (in F1 and A2) to 23 (in Ar1).

EPI-D values (Fig. 2) showed a clear separation
between the Tyrrhenian stations Ar1, A1 and A2 (all
within the I quality class indicating optimal quality)
and the Ionian ones Sa1, S1, F1 and P1 (with values in
the II class); however, it must be stated that significant
levels of pollution indicated by quality classes III - V

Fig. 1 - Map showing the Pollino National Park, the main ri-
vers of the area and the sampling stations of the present study.
Fig. 1 - Area dello studio indicante il Parco Nazionale del
Pollino, i principali fiumi dell’area e le stazioni di campiona-
mento.

Range of EPI-D values Quality class and evaluation Colour
> 3.0 < 4.0 V - Extremely poor Red
> 2.3 < 3.0 IV - Poor Orange
> 1.7 < 2.3 III - Mediocre Yellow
> 1.0 < 1.7 II - Good Green
> 0.0 < 1.0 I - Excellent Blue

Tab. 1 - Quality evaluation and relative colours on the basis
of EPI-D values (Dell’Uomo 2004).
Tab. 1 - Giudizi di qualità e relativi colori sulla base dei
valori di EPI-D (Dell’Uomo 2004).

Fig. 2 - Values of the EPI-D index and number of Diatom
taxa in all samples. Stations are ordered by decreasing EPI-
D values (left to right).
Fig. 2 - Valori di EPI-D e del numero di taxa di Diatomee
per tutti i campioni. Le stazioni sono ordinate secondo valori
decrescenti di EPI-D (da sinistra a destra).
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Taxa Stations
Ar1 A1 A2 S1 P1 F1 Sa1

Achnanthes lanceolata (Brebisson) Grunow 1 2
Achnanthes minutissima Kützing 3
Achnanthes ploenensis Hustedt 2 2
Achnanthes ploenensis v. gessneri (Hustedt) Lange-Bertalot 2
Amphipleura pellucida (Kützing) Kützing 1 1
Amphora inariensis Krammer 4
Amphora ovalis (Kützing) Kützing 1 2
Amphora pediculus (Kützing) Grunow 1
Amphora sp. Ehrenberg 1
Anomoeoneis vitrea (Grunow) Ross 4
Caloneis bacillum (Grunow) Cleve 1
Cocconeis pediculus Ehrenberg 1 3 4 1
Cocconeis placentula Ehrenberg 2 2 2 3 3 1
Cyclotella meneghiniana Kützing 2
Cymatopleura solea (Brebisson) W. Smith 1
Cymbella affinis Kützing 2 4 4
Cymbella amphicephala Naegeli 2 1
Cymbella cymbiformis Agardh 2
Cymbella delicatula Kützing 2 2 2
Cymbella helvetica Kützing 2 2 2 2 3
Cymbella laevis Naegeli 3
Cymbella lanceolata (Ehrenberg) Kirchner 1 1
Cymbella microcephala Grunow 3
Cymbella minuta Hilse 2 1 3
Cymbella obtusiuscula Kützing 1
Cymbella prostrata (Berkeley) Cleve 1
Cymbella tumidula Grunow 2 1 3 3
Denticula elegans Kützing 2
Diatoma hyemalis (Roth) Heiberg 5 4
Diatoma mesodon (Ehrenberg) Kützing 5 4 3 1
Diatoma moniliformis Kützing 3
Diatoma vulgaris Bory 1 1
Diploneis oblongella (Naegeli) Cleve-Euler 2 2 2 1
Epithemia adnata Kützing Brebisson 2
Fragilaria brevistriata Grunow 3 2
Fragilaria capucina Desmazieres 1 2 3
Fragilaria capucina v. capitellata (Grunow) Lange-Bertalot 3
Fragilaria ulna (Nitzsch) Lange-Bertalot 2 1 2 1
Frustulia vulgaris (Thwaites) De Toni 1
Gomphonema angustatum v. productum Grunow 3
Gomphonema angustum Agardh 3 3
Gomphonema olivaceum (Hornemann) Brebisson 2 4 1
Gomphonema minutum (Agardh) Agardh 4
Gomphonema parvulum Kützing 2 2
Gyrosigma attenuatum (Kützing) Rabenhorst 3
Gyrosigma nodiferum (Grunow) Reimer 3
Mastogloia smithii v. amphicephala Grunow 1
Meridion circulare (Greville) Agardh 2
Navicula capitatoradiata Germain 3
Navicula cryptocephala Kützing 2 1 2
Navicula cryptotenella Lange-Bertalot 2 2 3 2 3 2
Navicula lanceolata (Agardh) Ehrenberg 4
Navicula splendicula Van Landingham 2 2
Navicula striolata (Grunow) Lange-Bertalot 2

Tab 2 - Diatom taxa found in the present study. Abundances for each station are given in the following relative scale: 1 = rare,
2 = present, 3 = abundant, 4 = very abundant, 5 = dominant.
Tab. 2 - Taxa di Diatomee rinvenuti nel presente studio. Per ogni stazione vengono indicate le abbondanze relative, secondo
la seguente scala: 1 = rara, 2 = presente, 3 = abbondante, 4 = molto abbondante, 5 = dominante.
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Taxa Stations
Ar1 A1 A2 S1 P1 F1 Sa1

Navicula stroemi Hustedt 2
Navicula tripunctata (Müller) Bory 1 1 3 4 2
Navicula tuscula (Ehrenberg) Grunow 4 3 1
Navicula viridula var. rostellata (Kützing) Cleve 3
Nitzschia angustata Grunow 1
Nitzschia dissipata (Kützing) Grunow 1 2
Nitzschia levidensis (Smith) Grunow 2
Nitzschia sociabilis Hustedt 2 2 1
Nitzschia Hassall sp. 1 1
Pinnularia Ehrenberg sp. 1
Rhoicosphenia abbreviata (Agardh) Lange-Bertalot 2 3
Surirella brebissonii Krammer & Lange-Bertalot 1
Surirella Turpin sp. 1

were never reached in any sample. In figure 2, it can
be observed that the number of taxa and EPI-D values
do not follow similar trends.

The results of analyses of water samples for 5
chemical-physical variables are given in table 3. It can be
seen that in the Tyrrhenian stations Ar1, A1 and A2 the
values of conductivity were lower than in the Ionian
watercourses. D.O. was never below 8.0 mg l-1 , while pH
showed values always comprised between 8.1 and 8.3,
with the exception of station Sa1 which was slightly less
basic. In the clean waters of the Tyrrhenian stations, the
indicators of well-oxygenated environments Diatoma
mesodon, D. hyemalis and Cymbella delicatula were well
represented.  Slightly more tolerant species such as
Navicula cryptotenella, N.viridula and Diatoma vulgaris
were relatively common in stations S1, Sa1, F1 and P1.

The highest NNS index values were observed (Tab.

4) in the Ionian stations S1 and P1 and they were
average to low in the Tyrrhenian rivers and in F1; on
the other hand, the lowest value of all was found in
Sa1. Therefore, the index shows the highest degree of
physical disturbance in the Sinni and Peschiera Rivers,
lower values in the Tyrrhenian rivers and in the Frida
River, and apparently very low levels of disturbance
in the Sarmento River.

4. DISCUSSION AND CONCLUSIONS

The differences between river diatom communities
can be explained on the one hand by natural factors
(vegetation, geology, oxygen, climate and hydrology),
on the other by human activities (impact in terms of
pollution and physical disturbance) (Pan et al. 1996).
In this study, such differences emerged between the
investigated Ionian and Tyrrhenian watercourses.

Station Sa1 is characterized by a low proportion of
motile Diatom species the genera Navicula, Nitzschia
and Surirella. On the other hand, station P1 showed a
high proportion of motile species; however, considering
the chemical-physical analyses in this station that seem
to indicate clean waters and the absence of evident
sources of pollution in the area, according to our
judgement this could be due to factors different from
pollution (i.e. amount of light reaching the river bed,
which was high in most stations but very small in the
densely forested stretch of the Peschiera River which
was sampled). The EPI-D index values, along with
results of the multivariate analysis show that the
stations subjected to relatively higher levels of impact
are S1 and F1 (both stations are situated downstream
of inhabited areas) and P1 (in this case due to natural
reasons, as mentioned above). This stands to show how,
when comparing biological water quality indices
(including the EPI-D and NNS indices used in this
study), it is important to consider the possible effects
of factors different from pollution or disturbance in
the determination of the communities (Hill et al. 2001).

Regarding the NNS index, the taxonomic composition
of sample Sa1 shows a predominance of species of stalked

Station Temp. pH Cond. Hardness D.O.
(°C) (µS cm-1) (mg l-1CaCO

3
) (mg l-1)

A1 10.1 8.2 272 155.2 10.7
A2 10.4 8.2 302 179.8 10.4
Ar1 11.5 8.1 353 202.0 9.8
P1 14.5 8.3 358 193.9 8.7
Sa1 19.3 7.6 665 198.7 11.4
S1 18.1 8.3 504 205.4 9.1
F1 17.0 8.3 426 196.2 8.1

Tab. 3 - Values of the chemical physical variables Temperature
(= Temp.), pH, Conductivity (= Cond.), Hardness and
Dissolved Oxygen (D.O.) in all stations.
Tab. 3 - Valori delle variabili chimico fisiche Temperatura
(= Temp.), pH, Conducibilità (= Cond.), Durezza e Ossigeno
Disciolto (D.O.) per tutte le stazioni.

Tab. 4 - Values of the NNS index (% of Navicula, Nitzschia
and Surirella taxa in the Diatom community) for all stations.
Tab. 4 - Valori dell’indice NNS (% dei taxa di Navicula,
Nitzschia e Surirella sul totale della comunità di Diatomee)
per tutte le stazioni.

Stations S1 P1 Ar1 A2 A1 F1 Sa1
NNS 41.2 36.4 26.1 25.0 23.8 18.8 10.0
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Diatoms such as Cymbella spp. and Gomphonema spp.
This suggests that the disturbance, far from being low,
could be so strong and lasting that the motile taxa never
get to colonize the substratum to the extent shown in the
other stations. This hypothesis, which is in agreement with
other studies (Blenkinsopp & Lock 1994; Stevenson
1996), should be tested with sampling campaigns
undertaken with the aim of studying temporal variability
of both the taxa and the water discharge.
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