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Abstract: Cyanophytes were sampled in two surveys, summer 1993 and 19935, in order to
compare the algal flora of 19 small springs located in the upper part of the River Sarca
catchment (Northern Italy). Measurement of the main physico-chemical variables of the
spring water were also carried out. The springs differ largely in altitude (from 1073 to 2130
m a.s.l), lithology of the aquifer (calcareous/dolomitic mountains in the Brenta and
igneous intrusive rocks in the Adamello region), discharge (from less than 1 to 1371571,
substrate particle size and exposure. Cyanophyles were present in all the rheocrenes and
lacking in the helocrenes. Up to 40 cyanophyte species were observed. The genera
Chamaesiphon, Homoeothrix and Phormnidium were most frequent and rich in species, with a
majority of epilithic taxa occurring mainly in oligotrophic fast flowing mountain streams.
Sample grouping as obtained by numerical analysis (TWINSPAN, CANOCQ) was mainly
explained by lithology and conductivity (separation of siliceous from calcareous substrate).
Other variables pointed out by the Canonical Correspondence Analysis were the degree of
shading and altitude. Differences among springs are marked, as can be argued from the
relation between the high total number of species found (40) and the low diversity (on the
average six species) of the single sites. Rare species were mainly found in springs
warranting low low variability at the site of emergence.

Key words: Algae, cyanophytes, springs, numerical vegetation analysis, rheocrenes,
helocrenes, Pulvinularia, Chamaesiphon amethystinus.

Introduction

Springs are ecotones which link the phreatic zone to the spring stream. The
underground origin of their waters is responsible for the physico-chemical
stability that clearly differentiates springs from other surface waters (e.g. THIENE-
MANN 1922, TLLies & BoTtosaNeanu 1963, Opum 1971). However, it is still
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unclear whether the stability of perennial springs leads, in general, to the
selection of specialized organisms (BREHM & MEJERING 1982) or not (RouND
1981). The selection of species in a stable environment related to the lack of
disturbances should yield low diversity (CoNNEL 1978).

Some of the few studies on periphyton algae in springs indicate that these
environments host no specific spring species (e.g. WHITFORD 1956, WHITFORD &
ScHUMACHER 1963); however, in the case of diatoms, spring specific commu-
nities were recorded (SABATER & Roca 1992). In particular, the role of cyano-
phytes in springs is even less clear than for diatoms, since spring studies including
this group are rare (e.g. DELL’UoMo 1975) and were mainly carried out in the
framework of research focused on other topics (e.g. hygropetric habitat, Go-
LUBIC 1967, mountain streams, Kann 1978).

The aim of the present study was to find out whether cyanophytes were
present or not in most of the springs of a pristine mountain region. To describe
the habitat structure and to recognize the relationships between algae and
environment, a complete set of variables was assessed, which allowed for a final
selection of the most determining variables by means of numerical methods.

The case studies are identified by representative biotopes in the main side
valleys of the Regional Park Adamello-Brenta. This park (surface area 618 km?)
includes mountain forests and alpine areas with elevations up to 3558 m a.s.l..
The western part consists of igneous intrusive rocks, such as granites, granodior-
ites and tonalites, of the Adamello mountain group, and the eastern sector of
sedimentary limestones and dolomites of the Brenta group.

Methods

Nineteen small springs, ten in the Adamello and nine in the Brenta, were
considered for this study (Fig. 1).

Discharge, temperature, dissolved oxygen, conductivity and pH have been
measured in situ at least four times to obtain the annual variation ranges shown in
Tab. 1. Discharge was determined directly by means of graduated vessels, in the
case of smaller springs, or by the velocity-area method (with a SCHILTKNECHT
current meter, Model Mini Air). Other variables were measured by Idronaut and
Hydrolab-meters. Water chemical analyses were carried out for the samples
collected in summer 1993, following the I.R.S.A.-C.N.R. methods (1972-1988).
Alkalinity was calculated from titration to endpoint pH 4.5. Ammonia nitrogen
was analysed by spectrophotometry, after reaction with sodium salicylate (VER-
pouw et al. 1978), and nitrate-nitrogen by spectrophotometry after reaction with
sodium salicylate Seignette salt. Soluble reactive phosphorus (S.R.P) was deter-
mined by spectrophotometry with the ascorbic acid method and total phosphorus
by spectrophotometry with the ascorbic acid method after potassium persulphate
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Fig. 1. Locations of the springs.

digestion. Carbon dioxide was evaluated by means of a nomographic method
(A.PHA, AWWA, & WE.E 1992).

Periphyton algae were sampled twice. The first screening of epilithic cyano-
phyte communities was carried out in summer 1993, followed by a second one,
which included epiphytes, in spring/summer 1995. The site of emergence of the
water (in most cases a few square meters) was carefully inspected for cyano-
phytes. Only the portion in which temperature increased not more than some
tenth of °C in summer (usually the first 5-15m of the spring stream) was
sampled. ErRMAN (1992) used the same strategy to delimit the spring habitat.
Samples were taken from all substrates (stones, silt-debris and mosses) that
covered the wetted perimeter of the spring. In 1993, samples had been preserved
in 4% formaldehyde, whereas in 1995 living material was studied. Microscopic
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preparations were examined under a Leilz Laborlux microscope at 400 and 1000
magnifications. Colour slides, which were subsequently used to prepare draw-
ings, were taken by means of a semiautomatic camera system. Diacritical charac-
ters were measured several times. The literature utilized for taxonomic identifica-
tion was as follows: GoLuBl¢ & Kann (1967) for Tolypothrix, Kann (1972) for
Chamaesiphon, KANN & KoMAREK (1970) for P autumnale and P subfuscum, Ko-
MAREK & Kann (1973) for Homoeothrix and GEITLER (1932) for all the others.
When possible, revised binomials were gathered from KoMAREK & ANAGNOSTI-
DIs (1986) and ANagNosTIDIS & KoMmAREK (1988). For quantification, estima-
tions of the algal cover in the field, evaluations of drawings, notes and photo-
graphs and the frequency estimates of the species in several microscopic prepara-
tions were combined. Abundances are expressed according to the following
4-grade scale: (1) single or few specimens, (2) rare, (3) frequent, (4) very frequent.
For quantification of epiphytes on mosses and algae, abundance values derive
from the combination of the coverage of the macroscopic substrate in the field
and the frequency of the epiphytes on this substrate.

The data were processed by numerical analysis. Similarities between samples
and species as identified in the ordinated vegetation table (Tab. 2) were obtained
by TWINSPAN (HiLL 1979). Due to the small number of samples, only three
division levels were considered. The impact of 14 selected, mutually uncorre-
lated, environmental variables on sample and species ordination was analysed
using a Canonical Correspondence Analysis (C.C.A.) carried out in CANOCO
(TEr Braak 1988). With the exception of nutrients, for which the chemical
analyses of summer 1993 were used, the values of the variables are those relative
to the dates when cyanophytes had been also sampled. For CANOCO, ordinal
variables had to be transformed into numbers. Substrate particle size was indi-
cated by the WINGET (1985) index, calculated multiplying the portions of each
size class by weights (1 to 6) increasing with size classes (from silt/debris to rock).
Lithology was identified as numbers, ranging from 1 to 5 and increasing from
crystalline to calcareous rocks. The degree of shading was recorded as values
from 1, used for open sites facing southwards, to 4, indicative of dense forests.

Results

Two (1,5) of the studied springs are helocrenes (seepage springs) and the others
rheocrenes (flowing springs, vaN DER KaMP 1995; for spring type terminology see
also HynEs 1976).

The springs (Tab. 1), which are distributed over a large altitudinal range (from
1073 to 2130 m a.s.l.), are characterized by low discharge (from less than 1 to
1371s7") and by a wide range of substrate particle sizes (from silt to boulders and
bedrock). The conductivity, pH and alkalinity values of the Brenta springs are
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generally higher than those of the Adamello. For the majority of the rheocrene
springs, oxygen saturation is between 80 and 100%, whereas for the two helo-
crenes oxygen undersaturation was recorded (from 30 to 80%). All the sources
are supersaturated with respect to carbon dioxide, which reaches particularly high
concentrations in the helocrenes. In the latter, oxygen undersaturation and high
CO, concentrations are likely to derive from the slow seepage of the water out of
the soil. Moreover, oxygen content may also be affected by the decomposition of
organic debris, Seasonal variations result mainly in discharge fluctuations and, in
six cases (1, 2, 9, 10, 17, 18), in temperature fluctuations larger than 2°C. A
maximum seasonal temperature variability of 6 °C was recorded in one helocrene
spring (1). Phosphorus and nitrogen concentrations were commonly higher than
expected for this kind of environment, and can hardly be explained exclusively as
an effect of agricultural activity and cattle grazing at the sites of emergence.
Nitrate-nitrogen values are in many cases high, even when soil provenance is
considered. The remarkably high total phosphorus value recorded in spring
No. 1, should be explained by the difficulty of sampling clear water in conditions
ol low flow and/or common presence of organic debris at the source.

The aspect of the periphyton was characterized by patches of algae, aquatic
lichens (mainly Verrcaria) and/or mosses. Fifty per cent of the cyanophyte taxa
formed macroscopically recognizable covers.

Cyanophytes were found in all rheocrenes, whereas the helocrenes were
colonized by green algae. In spring No. 10, which is an intermediate type (a
marshy flowing spring, or rheohelocrene, SCHWOERBEL 1959), only a small
quantity of Phommidium autumnale (AG.) ex Gom. was found in 1995.

In the rheocrenes, 40 cyanophyte species were identified (Tab.2). Species
numbers ranged from two to ten, with an average of six. This result is in
agreement to what was observed by GoLur1¢ (1967), who found similar, or even
lower numbers of species in springs in the Karst areas of former Jugoslavia. The
minimum number of species, two, was found in a rheocrene (No.4) which had
been modified by man. In fact, a fountain had been built around the point of
emergence and most of the sediments were trapped and stabilized by concrete. In
an intercepted spring, GorLusi¢ (1967) did not find any cyanophytes. The
maximum number of species, ten, was found in a spring (No. 18) characterized by
little discharge, where the water emerges directly from the rock (hygropetric
rheocrene, SCHWOERBEL 1959). In this case, because of the small discharge
(less than 0.11 s™1), species of hygropetric sites are associated to epilithic and
epiphytic species (on mosses).

Among the 18 genera found, Chamaesiphon, Phormidium and Homoeothrix were
most frequent and richest in species. The most common species (Fig. 2) were as
follows: Homoeothrix janthina (BorRN. et FLAH.) STARM. (on siliceous substrates),
Phormidium autumnale and Chamaesiphon polonicus (RosTar.) HANsG. (independ-
ent of lithology), Homoeothrix varians GEITL. and Leptolyngbya perforans
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Fig. 2. Some characteristic/rare species (spring number, sampling vear) arranged accor-
ding to TWINSPAN groups: 1 - A: Pulvinularia sp. (3. 95), B: Chamaesiphon confervicola (3,
95), C: Chamaesiphon investiens var, roseus (3, 95); 2 = A: Chamaesiphon minutus (a: 9, 93; b:
9. 95): 3 - A: Phormidium autimmnale (a: 2, 95; b: 15, 95). B: Chamaesiphon polonicus (a: 4, 95:
b: 19, 95), C: Homoeothrix janthina (7, 95), D: Chamaesiphon starmachii (8, 95), E: Chamaesi-
phon amethystinus (7, 95); 4-5 - A: Homoeothrix varians (11, 95), B: Leptolyngbya perforans (12,
93). C: Xenotholos kerneri (12, 93), D: Phomidium corium (13, 93), E: Pleurocapsa aurantiaca
(19, 95), F: filamentous cyanophyte (12, 93), 6 — A: Phommidium tinctorium (14, 95).
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(GEITL.) ANAGN. et Kom. (on calcareous substrate) and Chamaesipohon con-

Jfervicola A. Br. and C. minutus (RosSTAF.) LEMM. (as epiphytes).

Most of the species were epilithic. Some of them (Homoeothrix varians,
Clastidium setigerum KIRCHN., Tolypothrix distorta KUTz. ex BorN. et FLAH.,
Chamaesiphon incrustans GRUN.) were both epilithic and epiphytic. The following
species were found to be strictly epiphytic on both mosses and algae: Chamaesi-
phon amethystinus (Rostar.) LEMM. (only on T distorta!), C. confervicola (on Kleb-
sormidium), C. investiens var. roseus SKUJA (occasionally also on C. confervicola), C.
minutus (on Tolypothrix penicillata THUR. ex Born. et Fran.), C subglobosus
(Rostar.) LEMM., Heteroleibleinia kuetzingii (SCHMIDLE) Comp., Hvdrococcus
cesatii RABENH., Xenococcus minimus GEITL.. The number of epiphytic species on
mosses ranged from one to four in rheocrene springs.

Data analysis processed by TWINSPAN for the cyanophyte communities
yielded the following groups of samples (Tab. 2): on the highest division level the
springs lacking cvanophytes (not displayed in Tab.2) are separated from those
containing cyanophytes. On the second division level groups No. 1-3 (mainly
rheocrenes on siliceous substrate) are distinguished from rheocrenes on calca-
reous substrate (groups No. 4-6).

Springs emerging on siliceous substrate can further be arranged in the follow-
ing subgroups, typical representatives of which are depicted in Fig. 2:

— a mid-altitude spring in a spruce forest (sample group No. 1, spring No. 3).
(Pulvinularia sp. is dominant in this spring, along with some epiphytes of the
liver moss Chiloscyphus polvanthos var, rivularis (SCHRAD.) NEES: Xenotholos
kerneri, Chamaesiphon confervicola, and C. investiens var. roseus);

- a high altitude spring with marked discharge variations (also the point of
emergence changes with the seasons) (group No. 2, spring No. 9). (Tolypothrix
penicillata and Homoeothrix juliana (BorN. et Frad.) KircHN., with their
epiphytes Clastidium serigerum and Chamaesiphon minutus);

- mid-altitude springs on tonalite, or on granite and tonalite (group No.3).
(Phormidium autumnale, Chamaesiphon polonicus, Homoeothrix janthina, Chamae-
siphon starmachii Kann, C. confervicola).

Springs located on calcareous substrate can be subdivided as follows (Fig. 2):
- medium to high discharge rheocrenes emerging from limestone or dolomite

and limestone (group No.4). (H.varians with P aurumnale and C. polonicus.
Leptolvngbya perforans, Phormidium incrustatum (NAG.) Gom. ex GoM. and
Xenotholos kerneri GoLD-MORGAN et al. are also frequent);

- a hygropetric rheocrene spring and a small mid-altitude spring (group No. 3,
springs No. 18 and No. 13 respectively). (H. varians, L. perforans, E incrustatum
and P coritin GoM.);

- a very shaded, mid altitude spring (group No. 6, spring No. 14). (Phonnidium
tincrorium KU1z, ex Gom. and Chamaesiphon geitleri H. LUTHER).
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Fig. 3. Ordination of samples from the rheocrenes with respect to cyanophyte species
composition (10 major indicator species according to TWINSPAN shown in the plot) and

11 selected environmental variables (arrows).

H.janthina and C. stanmachii are restricted to the rheocrenes on siliceous
substrate, whereas P autumnale and C. polonicus are common over large parts of
the springs for both substrates, where they grow with Homoeothrix varians and
various other species.

TWINSPAN ordinates the two samples taken for each spring in adjacent
positions, although the samples taken in 1993 had not been screened for epi-
phytes. Obviously, epiphytes are less important for the discrimination of spring
groups than the more frequent epilithic species.

Because the Canonical Correspondence Analysis (C.C.A.) was carried out to
show how the environmental variables influence spring ordination according to
cyanophytes species, this analysis was performed only for those springs where
cyanophytes were present during each sampling survey (rheocrenes). The group-
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ing of springs according to lithology, and most of the subgroupings as arranged by
TWINSPAN can be also recognized in Fig. 3. C.C.A. allows for a direct evalua-
tion of the environmental variables which determine the subdivisions. In these
waters, which are only slightly influenced by human activity, conductivity is
mainly related to the lithology of the aquifers and causes the separation of the
rheocrenes emerging from siliceous substrate from those originating from car-
bonates. The former can be observed in Fig. 3 to the right of the second diagonal
of the diagram, whereas the latter are almost all grouped to the left. Another
important factor is identified by the degree of shading. This is particularly marked
for the shade-adapted species Phomnidium tinctorium and, possibly, for Pulvinularia
sp., which are the typical species colonizing two springs emerging in forests. The
degree of shading also shows a very clear correlation with the abundance of
aquatic mosses. The position of the vectors for NH4 -N and NO;-N derives from
the fact that springs on siliceous substrate showed higher concentrations of
ammonia-nitrogen (20-30 pg1™!), whereas nitrate-nitrogen peaks (>500ugl™)
were more frequent in springs on calcareous substrate (see also Tab. 1). Water
temperature and conductivity are inversely correlated to altitude. Discharge is
higher in springs on siliceous substrate, i.e. with lower conductivity. The position
of Homoeothrix janthina in the diagram shows that this species is mostly present in
silicate springs with high discharge. The species restricted to siliceous (e.g.
H. janthina) or calcareous substrate (e.g. f. varians, Leptolyngbya perforans), are all
near the lithology and conductivity vectors, and consequently show that their
distribution is mainly determined by these factors. On the contrary, species
indifferent to geology, such as Chamaesiphon polonicus, are near the origin of these
vectors. Note the position of Tolypothrix penicillata near the top of the altitude
vector; in fact, this species is one of those that characterize the spring (No.9)
situated at the highest elevation.

Some of the collected taxa deserve particular attention. The taxon temporarily
named Pulvinufaria (Fig. 2) has some resemblance with Siphononema and Capso-
sira and is very similar to P suecica Borzi, but the basal cells are smaller than
those of the trichomes and the branching is not as clear as in Borzi (1916)
(HERNANDEZ-MARINE, personal comm.). P swecica is a rare stigonematalean
cyanophyte recently rediscovered in the littoral zone of the oligotrophic lake
Fiolen in Central Sweden (RoTT & HERNANDEZ-MARINE 1994). In our study the
Pulvinularia-like cyanophyte was found only in spring No. 3, which emerges on
siliceous substrate in a spruce forest at 1275 m a.s.l., where it thrives on stones.
This spring is also characterized by a rich and peculiar population of epiphytes. In
a large spring of the Adamello (7) an interesting Chamaesiphon species (sporangia
cylindrical or very slightly basaly attenuated) was found epiphytic on Tolypothrix
distorta (Fig. 2). It was classified as C. amerhystinus. This species was also observed
on Tolypothrix in the headwaters of the White Vistula river (STARMACH 1929). It
bears some resemblance to C. incrustans, but differs from it by its marked
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cylindrical shape and dark blue pigmentation, as already noted by GEITLER
(1932) and Kann (1972). An interesting taxon was found in 1993 on the lower
surface of a stone together with Xenotholos kerneri in Val Brenta (12). It is a
filamentous cyanophyte resembling Hemyzonema (this rare genus includes a
species recently described from cave entrances, HERNANDEZ-MARINE 1994).

Discussion

In all the rheocrenes, cyanophytes were found as visible constituents of the
epilithic submerged flora. Epiphytic cyanophytes were present in most of these
springs. The majority of the encountered cyanophytes were previously found in
mountain streams (Kann 1978, PrisTER 1992, Pipp & RotT 1993),

Some of the species were recorded earlier from springs (e.g. Chamaesiphon
amethystinus, STARMACH 1929; C. confervicola, Gorusi¢ 1967; Homoeothrix juli-
ana, KoMAREK & KAnN 1973), but none of them seems to be restricted to the
crenon. It should also be considered that specific information about these
environments is not very abundant, since the krenal is the least known of the
alpine stream types (WARD 1994). Aerophytic algae (algae from wet rocks) are
very scarce among the encountered taxa (Calothrix parietina THUR. ex BORN. et
FLAH., Hempyzonema cf.), in part because sampling efforts were concentrated
inside the wetted perimeter of the springs.

The number of cyanophyte species (40) found in the 19 springs can be
considered high, especially when compared to the 83 species found by Pipp &
Rott (1993) in 54 Austrian mountain rivers from a much larger altitudinal range
(from 200 to 2200m a.s.l.). In contrast to the total number of species, the
quantity of species in a single spring (with an average of six), and thus their
diversity, is low. These characteristics (low diversity and marked differences
among the sites) meet very well with the expected features of the springs as
slightly disturbed environments.

The most striking difference encountered between rheocrene and helocrene
springs, is the replacement of cyanophytes by green algae in the latter. This could
be attributed to the different ability of cyanophytes and green algae to use carbon
dioxide. At low pH and in the presence of high amounts of carbon dioxide, green
algae and mosses (GLIME & WiTT 1987) should be the favourite autotrophic
organisms, whereas cyanophytes are characterized by a particularly high afTinity
for CO; at high pH (SHaPiro 1990). However significant supersaturations are
found in all springs and green algae may be better adapted to muddy habitats (the
dominant substrate in the helocrenes).

The more or less marked seasonal variations and altitudinal changes in
temperature had no evident effects on the cyanophyvte communities. On the
contrary, discharge appeared to be an important variable, even il it was not
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represented as one of the major components by the C.C.A. (Fig.3). This is
indicated by the fact that in the rheocrenes there is a sufficient current velocity to
sustain the growth of stream forms and even to select, in some springs, exclusive
running water species, so called rheobionts (e.g.: Chamaesiphon geitleri and
Clastidium rivilare HANSG.). Another observation supporting this view is that
Chamaesiphon polonicus, a species which notoriously tolerates periods of dessica-
tion, is present in almost all springs with high flow variability.

The importance of light for structuring the cyanophyte communities varies
among springs. Some, like the helocrenes emerging in marshy areas or those
located in the subalpine vegetational zone, are virtually unshaded by trees. On
the contrary others, in particular springs No.3 and 14, originating in forests, are
much more subjected to shading. At the shaded sites, mosses and shade-adapted
species (e.g. Phommidium tinctorium) are frequent.

Lithology and the related chemical variables (alkalinity, conductivity) are
important factors for the grouping of the rheocrenes according to their cyano-
phyte communities and it is well known that this is the case for algal communities
in all kinds of biotopes (e.g. lake littoral Kann 1988, mountain streams and rivers
Prep & RoTT 1993, diatoms in springs SABATER & Roca 1990). It is unclear if this
reaction to the stone substrate is caused directly by structure or indirectly by
changes in water chemistry. However, species-specific responses to geochemistry
related variables (pH, alkalinity, conductivity) were found to be statistically
significant for more than 10 cyanophyte species from running waters in Austria
(Pier & RoTT 1993).

Carbon is present in excess in all springs, nitrogen concentrations are high,
while phosphorus concentrations indicate oligotrophic conditions in almost all
the cases. Hence phosphorus is the most limiting nutrient. Nevertheless this
major nutrient is not found among the variables represented as important by the
C.C.A.. because it has similar concentrations in all theocrenes and can thus not
act as a discriminant variable. The excess of nitrogen (specially nitrates) may
explain the clear predominance of non-heterocystous forms among the species
found. In spite of excess nitrogen, the cyanophytes indicate pristine conditions
for the majority of the springs, documented by the dominance of epilithic and
epiphytic species occurring mainly in oligotrophic mountain streams (KANN
1988, Prpr & RotT 1993).

Due to their environmental stability, springs are supposed to be potential
ecological refuges for both plant and animal communities (BOTOSANEANU &
NEGREA 1961, SaBaTER & Roca 1992). This should be particularly true when
springs exhibit persistence and little variability of flow (vaAN DER Kamp 1995).
Two springs with high minimum discharges, in which the presence of a rare
caddiesfly species and spring specific gastropods had been noticed, were also
found to be particularly interesting from a floristic point of view, for rarely
recorded cyanophyte species being present (Pulvinularia sp., Chamaesiphon ame-
thystinus).
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Beyond the coarse grouping of the cyanophyte communities, which is mainly
based on geochemistry, a marked site-to-site variability of these biotopes persists,
probably because of the large number of possible combinations of environmental
variables. We believe that this is one of the main scientific arguments for
supporting the conservation of springs in pristine conditions in different areas.

Riassunto

Le Cianofite di 19 piccole sorgenti situate nell’alto bacino della Sarca sono state campio-
nate nell’estate del 1993e del 1995. Sono stati anche rilevati i principali fattori chimico-
fisici. Le sorgenti differiscono molto per quanto riguarda Ialtitudine (da 1073 a 2130 m
s.l.m.), la litologia dell’acquifero (il Brenta & calcareo/dolomitico, mentre I’Adamello &
formato da rocce ignee intrusive), la portata (da meno di 1 a 1371 s, la struttura
meccanica del substrato e 'esposizione. Sono state sempre riscontrate Cianofite nelle
sorgenti reocrene, mentre non ne sono state rinvenute nelle elocrene. Sono state identi-
ficate ben 40 specie, di cui alcune sono piuttosto rare (Pulvinularia sp., Chamaesiphon
amethystinus). 1 generi Chamaesiphon, Homoeothrix e Phormidium sono quelli pitl frequenti e
ricchi di specie. Le Cianofite rinvenute sono soprattutto specie epilitiche, tipiche di torrenti
di montagna oligotrofi con acque vivaci. I gruppi di campioni ottenuti con metodi
dell’analisi numerica vegetazionale (TWINSPAN, CANOCO) dipendono principalmente
dalla litologia/conducibilita (separazione delle sorgenti su silice da quelle su calcare). Altre
variabili evidenziate dall’analisi canonica delle corrispondenze sono il grado di om-
breggiatura e l'altitudine. Vi sono notevoli differenze tra una sorgente e Ialtra, come si pud
anche desumere dall’elevato numero (40) di specie complessivamente rinvenute e dalla
contenuta diversita dei singoli siti (in media sei specie). Le specie rare sono state rinvenute
principalmente nelle sorgenti in grado di garantire limitate variazioni del flusso d’acqua nel
sito d’emergenza.
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