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 Introduction

Macrophyte Biological Index for Rivers (Indice Biologi-

e Macrophytique en Rivière – IBMR) has been identified as
e official method to assess the Biological Quality Element
QE) ‘‘macrophytes’’ in Italy, according to Water Frame-

work Directive 2000/60/EC (WFD). IBMR has been devel-
oped in France, represents an improvement of an earlier
system published by the Group of Scientific Interest
‘‘Macrophytes of inland waters’’ (Haury et al., 1996,
2006) and a technical norm has been developed from it
by the French Association for Normalization (AFNOR,
2003). IBMR is primary structured to estimate the nutrient
inputs of river and it is a relevant indicator of disturbed
situations compared to reference macrophyte communi-
ties. Therefore and to compute the proper Ecological
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A B S T R A C T

Macrophyte Biological Index for Rivers (IBMR) has been applied to the superficial waters of

Pescara Springs (Popoli, Italy) according to Water Framework Directive 2000/60/EC. Two

complementary and not mutually exclusive methodologies were performed to evaluate

possible differences in taxa identification and cover estimation: boat survey and

interpretation of orthophotos and images taken during SCUBA (Self-Contained Underwater

Breathing Apparatus) dive. Data from submerged macrophytes were analyzed by means of

exploratory multivariate analysis to detect vegetation associations and their correlation

with some abiotic factors (water current velocity, substrate granulometry, detritus type,

water depth). Six homogeneous tracts were observed according to hydromorphological

characters and to vegetation associations; IBMR and Ecological Quality Ratio (IBMR-EQR)

were calculated for each of them. On an average basis, IBMR was 7.84 (trophic status: very

high) and IBMR-EQR was 0.63 (quality class: scarce). A good concordance was registered by

means of Bland–Altman plot between values obtained by the two methods: 0.57 � 3.07

(mean � SD) of percent bias. Nevertheless, IBMR failed to correctly describe the trophic status

of the surveyed site, possible due to low dissolved oxygen, high pCO2 and HCO3 values.

� 2014 European Regional Centre for Ecohydrology of Polish Academy of

Sciences. Published by Elsevier Urban & Partner Sp. z o.o. All rights reserved.

 Corresponding author. Tel.: +39 0861 266980; fax: +39 0861 266987.

E-mail address: mmanera@unite.it (M. Manera).

Contents lists available at ScienceDirect

Ecohydrology & Hydrobiology

jo ur n al ho mep ag e: www .e lsev ier . c om / loc ate /ec o hyd

p://dx.doi.org/10.1016/j.ecohyd.2014.08.002
42-3593/� 2014 European Regional Centre for Ecohydrology of Polish Academy of Sciences. Published by Elsevier Urban & Partner Sp. z o.o. All rights

erved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecohyd.2014.08.002&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecohyd.2014.08.002&domain=pdf
http://dx.doi.org/10.1016/j.ecohyd.2014.08.002
mailto:mmanera@unite.it
http://www.sciencedirect.com/science/journal/16423593
http://dx.doi.org/10.1016/j.ecohyd.2014.08.002


Q
s
s
s
a
s
s
th
im
b
p
e
T
a

c
fr
o
e
w
o
P
u
1
r
in
2
in
b
e
S
u
p
c
b
in
F
a
(n
ti
fa
c

2

2

P
w
s
‘‘
8
(B
(3
c
(A
b
th
fo
tu

M. Manera et al. / Ecohydrology & Hydrobiology 14 (2014) 296–303 297
uality Ratio (EQR), references from unpolluted rivers
hould be taken into account wherever and as far as they
till exist (Haury et al., 2006). IBMR has been already and
uccessfully applied in Italy, though some difficulties in its
pplication have been reported because of the absence of
ome species from the tables of the method, difficulties in
pecies classification, the influence of abiotic factors other

an the trophic status and, in some instances, the
perfect correspondence with the trophic status assessed

y ammonia nitrogen (NH3-N) and orthophosphate
hosphorus levels (PO4-P) (Abati et al., 2010; Azzollini
t al., 2010; Ciccarelli et al., 2010; Mezzotero et al., 2010;
omasella et al., 2010). To date, IBMR has never been
pplied in rivers of the Abruzzo Region (Central Italy).

The aim of the present survey was to compare two
omplementary methodologies – relevés from boat and
om river banks vs combined relieves achieved by means
f interpretation from orthophotos and from georefer-
nced images taken during SCUBA (Self-Contained Under-
ater Breathing Apparatus) dive – for the IBMR evaluation

f the waters of Pescara Springs (Sorgenti del Pescara;
opoli, Italy). SCUBA dive has been successfully and widely
sed in floristic studies in marine ecosystems (Neushul,
967; Peña and Bárbara, 2008; Schubert et al., 2011), but
elatively less and more recently in freshwater and mainly

 lentic ecosystems (Azzella et al., 2013; Chappuis et al.,
011). With regard to orthophotos, GIS (geographical
formation system) supported photointerpretation has

een widely used for vegetation classification in land
cosystems (Madden et al., 1999; Bell, 2009). Neither
CUBA dive nor orthophotos interpretation has been ever
sed before to determine IBMR. Nevertheless, photointer-
retation is profitably usable where river tracts are not
rossable and/or navigable. During present survey, possi-
le differences in taxa identification and cover estimation,

 BQE ‘‘macrophytes’’ and IBMR-EQR were assessed.
urthermore, data from submerged macrophytes were
nalyzed by means of exploratory multivariate analysis
on-metric multidimensional scaling) to detect vegeta-

on associations and their correlation with some abiotic
ctors. Correspondence with previously applied classifi-

ations and monitoring methods was also discussed.

. Materials and methods

.1. Site description

Pescara Springs (247 m amsl) lie at the base of ‘‘Capo
escara’’ hill (425 m amsl), at the administrative south-
estern limit of Pescara province and are the most

outhern drainage of the grand regional karst aquifer
Gran Sasso-Sirente’’ with a stable water flow (from 5.5 to
.5 m3 s�1, according to season; 7.5 m3 s�1 on average)
oni et al., 2002). Hydrologically, major anion is HCO3

�

26 mg l�1); also present is SO4
2� (20 mg l�1). Major

ation is Ca2+ (98 mg l�1), followed by Mg2+ (14 mg l�1)
dinolfi Falcone et al., 2006). Main springs are on the left

ank and underwater wells are also present, particularly in
e first southern tract. Water flows from South to North
rming a voluminous spring basin (crenon), and then it
rns abruptly to East to converge, after no more than

1200 m from its origin, into Aterno river. Referring to
climatology, analysis of Bagnouls and Gaussen climatic
(ombrothermic) diagrams according to Tammaro (1971)
(thirty years series from 1921 to 1950) and to Pirone et al.
(1997) (thirty years series from 1960 to 1990) revealed
temperature means of 13.2–13.5 8C, precipitation of 738–
688 mm, respectively, with a temperature peak and
relative rainfall deficit from half June to half August.
According to Rivas-Martinez (2008) phytoclimatic index,
data correspond to an upper mesomediterranean thermo-
type and a lower subhumid ombrotype (Pirone et al.,
1997). Geographic coordinates of the studied area were:
Northern extreme, 42810010.6900 N–13849022.6800 E; South-
ern extreme, 4280904000 N–13849017.4000 E; Eastern ex-
treme, 42810010.5700 N–13849024.9100 E; Western extreme,
42810006.0400 N–13849014.1500 E.

2.2. Macrophytes identification

Macrophytes were identified by means of proper
identification keys. In particular, pteridophytes and
phanerogames classification was performed according to
Pignatti (1982) and previously published reports (Pirone
et al., 1997). Bryophytes were classified, to genus level,
according to Cortini Pedrotti (2001) and Smith (2004). Al-
gae and cyanophytes were classified according to John
et al. (2005), Bellinger and Sigee (2010), by means of
microscopic observation.

2.3. IBMR evaluation

IBMR was assessed according to its technical norm
(AFNOR, 2003). Macrophyte sampling and cover estima-
tion were performed from the river banks and by boat
survey. Moreover, as a possible complementary method,
IBMR was calculated from data obtained by interpretation
of orthophotos and of images and samples taken during
SCUBA dive. In spite of the adopted method, photograph
and specimens sampling were adequately georeferenced.
Sampling site was divided into homogeneous tracts
according to hydromorphological characters and to
vegetation associations; IBMR was calculated for every
homogeneous tract. For each uniform tract, assuming river
width uniform for each length segment connecting each
georeferenced point, real photographically sampled and
vegetation covered areas were determined. More in detail
and for each homogeneous tract, area (in m2) determined
by means of orthophoto interpretation was divided for the
total length of each tract, and then multiplied for each
length segment connecting each georeferenced point, in
order to estimate the area of the single sample site. It
should be stressed that the number of sampling points
exceeded the number of the homogeneous tracts; namely
more than a sample was taken for each homogeneous tract.
In particular, and referring to SCUBA dive, 75 sampling
points (relevés) were performed: first tract, 15 (on average,
one sampling point each 8.4 m of length); second tract, 19
(on average, one sampling point each 10.7 m of length);
third tract, 9 (on average, one sampling point each 13.4 m
of length); fourth tract, 10 (on average, one sampling point
each 35.7 m of length); fifth tract 15 (on average, one
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mpling point each 15.9 m of length); sixth tract, 7 (on
erage, one sampling point each 10.3 m of length). Cover
timations expressed as m2 were then relativized with
spect to total river wet area in order to get real
rcentage covers. Percentage estimations were then
nsformed in the respective IBMR cover classes. Data

ferring to helophytes (e.g. Phragmites australis) and
ating hydrophytes (e.g. Lemna spp.) have been obtained

 means of photointerpretation of orthophoto of the
mpled area. In particular, color orthophotos (images
ken from 01.08.2010 to 31.08.2010; projection,

TM33; datum, WGS84; coordinate type, UTM; scale,
10,000; courtesy of Abruzzo Region, authorization n.
61 on 02.04.2012, confirmed on 12.08.2014) were
alyzed by means of an image processing package (Fiji;
tp://fiji.sc/wiki/index.php/Fiji; last access 29.06.12),
stribution version of ImageJ (Fiji is Just ImageJ), core

6j (Rasband, 1997–2012). In particular grayscale and
lor thresholding (‘‘Threshold Color’’ ImageJ plugin, 1.12;
tp://www.dentistry.bham.ac.uk/landinig/software/soft-
are.html) were applied in order to estimate total river
et area, helophytes (practically P. australis) and floating
drophytes (practically Lemna trisulca and Lemna minor)
vers. Moreover and thanks to water clarity, limited
pth (maximal depth 3.6 m) and the natural contrast
tween the clear bottom substrate and the vegetation,
timation of covered and uncovered river bottom was also
rformed. Estimated data were confirmed by means of
rect observation during SCUBA dive surveys. Further
ethodological details are available in Manera (2012).

In order to determine the IBMR-EQR, macrophyte
ological community expected in conditions of minimal
thropogenic impact was determined, according to WFD.
mpling site insists in a Mediterranean geographic area
cording to Pirone et al. (1997) and was classified as a
acrophyte ‘‘Ma’’ type according to Tab. 4.1/b, annex 1 of
lian Environmental Minister Act 260/2010 and referring

 WFD river classification (Buffagni et al., 2006) and
dro-ecoregion approach (Wasson et al., 2006). Corre-
onding IBMR reference value is 12.5.
Referring to Mediterranean geographic area and accord-

g to Tab. 4.1.1/e, annex 1 of Italian Environmental Minister
t 260/2010, quality classes are: IBMR-EQR > 0.90,
gh; 0.80 < IBMR-EQR � 0.90, good; 0.65 < IBMR-
R � 0.80, moderate; 0.50 < IBMR-EQR � 0.65, scarce;

MR-EQR � 0.50, bad.

. Abiotic parameters measuring

During boat sampling following abiotic water parame-
rs were recorded in georeferenced sites: water tempera-
re (8C), pH and dissolved oxygen (mg l�1) by means of a
ultiparametric probe (MultiLine F/SET-3, WTW Wis-
nschaftlich-Technische Werkstätten GmbH, Weilheim,
rmany). Moreover, during SCUBA dive following abiotic
rameters were recorded for each of the georeferenced
mpled point: water depth, water current velocity (opera-
r perceived ordinal scale, Manera (2012)), substrate
anulometry of the river bottom (from a modified Went-
orth (1922) ordinal scale, Manera (2012)), detritus
gradation (ordinal scale, Manera (2012)). The presence/

absence of underwater springs was also annotated for each
of the georeferenced sampled point.

2.5. Statistical analysis

IBMR and IBMR-EQR values obtained by means of the
two aforementioned methods were assessed for their
concordance by means of Bland–Altman plot, a method
used to analyze the agreement between two different
assays (Bland and Altman, 1986). GraphPad Prism1 4 was
adopted as statistical package (GraphPad Software Inc., San
Diego, CA, USA). Cover data of submersed hydrophytes
were analyzed by means of non-metric multidimensional
scaling (NMDS), a statistical ordination method in which
reduction in dimensionality is achieved by means of a non-
metric way. This method was chosen because it is
independent from the assumption of normality of data
and permits the use of heterogeneous data or data ordinate
along arbitrary or discontinuous scales (Kruskal and Wish,
1978; Clarke, 1993). Environmental data were introduced
in the model as ordinal data relativized by maximum, to
detect their relationships with the ordination axis.
Presence/absence of underwater springs was introduced
as qualitative variable. Sørensen (Bray and Curtis) distance
measure was adopted, because, though originally applied
to presence-absence data, it works equally well with
quantitative data (Roberts, 1986). PC-ORD was used as
multivariate analysis software.

3. Results

Macrophytes distribution varied in relation to the plant
life-form, according to Raunkiær system, and in relation to
hydromorphological characters. Helophytes (practically P.

australis) dominated the river banks, particularly the right
one. Schoenoplectus lacustris, Typha latifolia, Carex riparia

and Iris pseudacorus were also focally present. With regard
to floating hydrophytes, L. trisulca was recorded in
proximity to the river banks partially substituted by L.

minor in the widest, mainly lentic tract of the river. Floristic
table with percentage cover obtained by means of relevés

from boat and from river banks is reported in Table 1.
Basing on hydromorphological characters and to

vegetation associations six homogeneous tracts could be
observed following river current (Fig. 1). In the first tract,
with highest water current and coarsest substrate, the
bryophyte Palustriella commutata and Apium nodiflorum fo.

submersum prevailed, with a discrete presence of Cerato-

phyllum demersum and focal presence of Potamogeton

pectinatus. A second tract followed and was dominated by
C. demersum and P. pectinatus with the presence of the
cyanophyceans Oscillatoria sp. and Lyngbya sp. In the third
tract the xanthophycean Vaucheria sp. appeared as
subglobose aggregates (so named ‘‘pad’’ form). Myriophyl-

lum spicatum prevailed in fourth and fifth tracts, which
were characterized by slow water current, low water depth
(<2 m), finer, partially anaerobic detritus and the highest
insolation. The fourth tract was completely dominated, at
seasonal peak of insolation, by a thick (>1 m) felt of
Vaucheria sp. The fifth tract differed from the fourth one
because of the presence of river bottom tract depleted from

http://fiji.sc/wiki/index.php/Fiji;
http://www.dentistry.bham.ac.uk/landinig/software/software.html
http://www.dentistry.bham.ac.uk/landinig/software/software.html
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egetation and because of a relative lower presence of
aucheria sp. (‘‘felt’’ form) and because of a relative higher
revalence of M. spicatum. The last tract was characterized
y higher water current and depth (compared to the

mediately precedent ones), and the occurrence of P.

ectinatus and C. demersum. Potamogeton natans was also
resent.

Results of non-metric multidimensional scaling are
raphically summarized in Fig. 2 as a two-axis solution
iplot (axis one, R2 = 0.21; axis three, R2 = 0.45), though the
est NMDS ordination result was achieved with three axis
umulative R2 = 0.81). M. spicatum and Vaucheria sp.

ppeared to share the same habitat characterized by fine
ubstrate and highly degraded detritus. On the contrary, P.

ommutata and A. nodiflorum prefer a coarser substrate,
ith not degraded or without detritus. Interestingly, the
west IBMR values were appreciated in tracts with the
west water depth and current velocity, the finest

ubstrate and highest detritus degradation with evidences
f anaerobic metabolism.

Physico-chemical values of superficial water were
ean � SD): 8C, 12.3 � 0.2; pH, 7.46 � 0.07; O2 mg l�1,

.03 � 1.92. A South to North gradient was appreciable for
issolved oxygen and temperature values and pH. Lowest
alues were detected near water springs, the highest at the
nd of the studied river tract.

IBMR values according to river tracts and the extension of
e latter are reported, respectively, in Table 2 and Fig. 1. A

outh to North gradient of IBMR reduction is apparent,
ccording to river flow (the studied river tract flows South to
orth). A good concordance was observed by means of
land–Altman plot between the two adopted methods, with

 bias of 0.57 � 3.07 (mean � SD) and the following 95% limit
f agreement �5.45 to 6.59 (percent difference).

4. Discussion

Vegetation associations were typical of cold spring and
varied according to water depth, current velocity and
physico-chemical parameters as previously reported
(Polunin and Walters, 1985; Pirone et al., 1997). On
average, IBMR and IBMR-EQR values correspond, respec-
tively, to a ‘‘very high’’ trophic status and a ‘‘scarce’’ quality
class. Such river classification, according to the adopted
BQE ‘‘macrophytes’’ evaluation, is only partially confirmed
by a precedent classification of the same area. In particular,
a peak in July 2001 was recorded for N-NH4

+ (1.03 mg l�1)
and N-NO3

� (1.30 mg l�1). Moreover, Extended Biotic
Index (EBI) quality classes ranging from ‘‘lightly polluted’’
to ‘‘polluted’’ were observed (Turin et al., 2003). An
oscillating range in total phosphorus values, from below
the detection value to 1.80 mg l�1 and very low dissolved
oxygen level (an exception within the monitored spring
tracts) have been reported for the same area in a 12 years
study (Giansante et al., 2011). The role of P. pectinatus as
indicator of poor superficial water condition has been
recently reported some kilometers downstream the same
river basin (Testi et al., 2010). Actually, only a partial
concordance of the proposed ranking mean values with
previously reported nutrient peaks is appreciable, though
the influence of abiotic factors other than nutrients on the
trophic status (e.g. current velocity, insolation, substrate
nature and granulometry) and, thus, on IBMR values
should be considered. Relationship with abiotic factors has
been clearly evidenced by means of the ordination results
during present survey, and the effect of abiotic factors on
the trophic status, in general, and on IBMR classification
has been reported in literature (AFNOR, 2003; Haury et al.,
2006). Moreover, particular attention has to be paid in the

able 1

loristic table with percentage cover of macrophytes (pteridophytes and bryophytes) obtained by means of relevés from boat and from river banks. Total

over, moss layer and algal layer covers were also shown.

1 2 3 4 5 6 7 8 9 10 11 12 13

Apium nodiflorum 21 26 27 14 0 0 0 0 0 0 0 0 0

Carex riparia 6 0 0 2 0.1 0 0 0 0 0 0 5 0

Ceratophyllum demersum 11 19 18 11 18 26 25 0 0 16 32 14 15

Juncus species 0.5 0 0 0 0 0 0 0 0 0 0 0 0

Lemna trisulca 0.5 3 5 0.5 0.1 3 0 0 0.1 0 4 0 0.5

Nasturtium officinale 0.5 0 0 0 0 0 0 0 0 0 0 0 0

Phragmites australis 14 19 17 14 18 13 20 42 35 32 18 32 18

Sparganium erectum 0.5 0.5 0.1 0 0 0 0 0 0 0 0 0 0

Veronica anagallis-aquatica 0.1 0.5 0 0.1 0 0 0 0 0 0 0 0 0

Palustriella commutata 18 3 9 1 0 0 0 0 0 0 0 0 0

Potamogeton pectinatus 0 4 14 24 21 10 0 0 0 0 0.1 0 18

Equisetum palustre 0 0 0.1 0.1 0 0 0 0 0 0 0 0 0

Iris pseudacorus 0 0 0.1 0.5 0.1 0.1 0 0 0 0 0 0 0

Mentha aquatica 0 0 0.5 0.5 0 0 0 0 0 0 0 0 0

Potamogeton pectinatus 0 0 0 0.1 0 0 0 0 0 0 0 0 0

Schoenoplectus lacustris 0 0 0 2 0 0 0 0 0 0 0 0 0

Lemna minor 0 0 0 0 0 3 0 0 0.5 0 0 5 2

Myriophyllum spicatum 0 0 0 0 0 1 5 0 50 16 37 0 0

Solanum dulcamara 0 0 0 0 0 0 0.1 0 0 0 0 0.1 0

Typha latifolia 0 0 0 0 0 0 0 0 0 0 0 0.1 0

Potamogeton natans 0 0 0 0 0 0 0 0 0 0 0 0 7

Cover total 72 75 91 70 60 65 100 70 91 80 91 92 70

Cover moss layer 18 3 9 1 0 0 0 0 0 0 0 0 0

Cover algae layer 0 0 0 1 3 9 50 28 5 16 10 36 11

ith modification from Manera (2012).
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plication of a classification metric method outside the
untry where the same was developed, in order to avoid
er- or underestimation due to vegetation differences
tween different countries (Schneider, 2007). IBMR has
en successfully applied in Italy, though some difficulties

 its application have been reported due to lack of species
 the original list, misclassification of some taxa, the
fluence of abiotic factors other than nutrients on the
phic status and due to the somewhat imperfect

rrespondence with the trophic status determined by
eans of N-NH4

+ and, particularly, P-PO4
3� (Abati et al.,

10; Azzollini et al., 2010; Ciccarelli et al., 2010;
ezzotero et al., 2010; Tomasella et al., 2010). Recently

criticism has been posed toward the extensive use of river
macrophyte indices within the scope of Water Framework
Directive, with particular regard to the lack of ecological
meaning, problems in determining the precision of the
indices, the large uncertainties and the low explanatory
power, which preclude the reliable applicability at specific
sites. With specific regard to IBMR, this method has been
claimed to be a better indicator of pH and/or carbon
availability both as HCO3 and pCO2, rather than an
indicator of soluble reactive phosphorus and/or NH4

+

(Demars and Trémolières, 2009; Demars et al., 2012).
Referring to algae, the reciprocal dominance relation-

ships between tracheophytes and algae are complex and

. 1. Georeferenced orthophoto of the studied area. Six homogeneous tracts are appreciable according to hydromorphological characters and to vegetation

bmerged hydrophytes) associations. IBMR trophic status and quality classes are graphically summarized as follows: white crossed lines: trophic status

igh’’; quality class ‘‘moderate’’; white diagonal crossed lines: trophic status ‘‘very high’’; quality class ‘‘scarce’’.
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ot limited to variations in the trophic status and/or N/P
atio (Doyle and Smart, 1998; Walstad, 1999; Chen et al.,
007). The inverse correlation between algae and tracheo-
hytes observed during present survey, in particular in the
urth and fifth tract, has been already described in springs

nd represents a form of competition (Hauxwell et al.,
004; Frazer et al., 2006a,b; Jacoby et al., 2007). Recently
ecline in the dissolved oxygen in karst springs in Florida
as been claimed to influence the proliferation of benthic
lamentous algae, acting as a limiting factor for grazer
rganisms. Dissolved oxygen decline was ascribed to
ydrological variation caused to climatic changes and
nthropic pressure leading to the recruitment of deeper
arst aquifer water (Heffernan et al., 2010). Pescara Springs
re the most southern drainage of the grand regional karst
quifer ‘‘Gran Sasso-Sirente’’. The aquifer is characterized
y water mixing from different levels according to season,
hich influences the physico-chemical properties of water
i Sabatino et al., 2005). In particular, a basal water flow

through old rock prevails during the dry seasons (summer
and autumn), whereas mixing with new water filtering
through younger rock prevails during the rain seasons
(winter and spring) (Barbieri et al., 2005).

Interestingly, submerged chalk springs display typically
high pCO2, this feature providing favorable conditions for
completely submerged plant growth (Kohler et al., 1973;
Sand-Jensen et al., 1992; Carbiener et al., 1995; Sand-
Jensen and Frost-Christensen, 1998; Demars and Trémo-
lières, 2009). Moreover, as pCO2 equilibrates toward the
air-equilibrium along river course, a competition occurs
between submerged plants depending upon water dis-
solved CO2 and plants able to take it by means of aerial
leaves, or to take HCO3 from the water (Madsen and Sand-
Jensen, 1987, 1991; Vadstrup and Madsen, 1995). Effec-
tively, during present survey A. nodiflorum fo. submersum,
the submerged form of a normally terrestrial plant was
detected only in the first tract of the spring, where
submerged springs prevailed, whereas P. pectinatus, C.

demersum and M. spicatum, known HCO3 users, dominated
the second and the third tract the first two, and the fourth
and the fifth the last one, where submerged springs were
smaller or absent. The abovementioned relationship with
submerged springs is clearly depicted in the ordination
plot (Fig. 2).

5. Conclusions

Interpretation of orthophotos and images taken during
SCUBA dive – methods which are profitably usable where
river tracts are not crossable and/or navigable – appeared
to be a reliable, complementary method in IBMR evalua-
tion compared to boat survey. Nevertheless, IBMR failed to
correctly describe the trophic status of the surveyed site,
possible due to low dissolved oxygen, high pCO2 and HCO3

values and to the influence of other abiotic factors. Further
investigations are needed to fully elucidate the ecology of
macrophytes of this unique habitat and to adopt with
confidence IBMR for WFD classification purpose.
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able 2

MR and IBMR-EQR according to river tracts and survey methodology.

Tract SCUBA and orthophoto Boat

IBMR Trophica status IBMR-EQR Quality classb IBMR Trophica status IBMR-EQR Quality classb

I 9.18 High 0.73 Moderate 9.06 High 0.72 Moderate

II 8.69 High 0.70 Moderate 8.37 High 0.67 Moderate

III 7.48 Very high 0.60 Scarce 7.48 Very high 0.60 Scarce

IV 7.69 Very high 0.62 Scarce 7.45 Very high 0.60 Scarce

V 7.73 Very high 0.62 Scarce 7.73 Very high 0.62 Scarce

VI 6.47 Very high 0.52 Scarce 6.79 Very high 0.54 Scarce

Mean 7.87 Very high 0.63 Scarce 7.81 Very high 0.63 Scarce

ith modification from Manera (2012).
a Very low > 14, 12 < low � 14, 10 < medium � 12, 8 < high � 10, very high � 8. Boundary levels according to AFNOR (2003).
b High > 0.90, 0.80 < good � 0.90, 0.65 < moderate � 0.80, 0.50 < scarce � 0.65, bad � 0.50. Boundary levels referred to Mediterranean geographic area
nd according to Tab. 4.1.1/e, annex 1 of Italian Environmental Minister Act 260/2010.
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