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NORTI  (NORThern  Spain  Indicators  system)  is  a predictive  model  for assessing  the  ecological  status  of
rivers  of  Northern  Spain  based  on invertebrates.  The  system  can be used  to  assign  any  test  site  to a
type  of river  under  minimal  disturbed  conditions.  Macroinvertebrates  were  sampled  with  a  multihabi-
tat  approach  from  676  sites  covering  the  variation  in  environmental  conditions  across  Northern  Spain,
between  2000  and  2008  (n =  1421  samples),  including  a spatial  network  of 108  reference  sites  selected
by  the  absence  of significant  pressures.  A  multinomial  logistic  regression  was  conducted  using  the  GAAC
cluster-derived  groups  of  reference  sites  as  response  variable.  Obligatory  typology  factors,  following  WFD
System  A, were  included  as  forced  entry  terms  in the  model,  other  potential  predictors  were  selected  using
a forward  stepwise  procedure.  Ecological  quality  ratios  (EQRs)  were  estimated  from  the observed  simi-
ressure gradients larity between  the faunal  composition  of the  sample  of interest  (test  sample)  and  the  expected  median
similarity  for  the  reference  community  of each  river  type.  The  model  predictions  as EQRs  responded  signif-
icantly  to  the  most  important  pressures:  sewages  inputs,  eutrophication,  hydromorphological  alterations,
and intensive  and  low  intensity  agriculture,  demonstrating  its  accuracy  in  detecting  impact  in Northern
Spanish  streams  and rivers.

©  2014  Elsevier  Ltd. All  rights  reserved.
. Introduction

Predictive models have been used for the bioassessment of
treams and rivers for nearly 30 years (Wright et al., 1984;
oss et al., 1987; Hawkins et al., 2000; Reynoldson et al., 1995,

000; Simpson and Norris, 2000), and there is renewed inter-
st in European countries (e.g. Kokeš et al., 2006; Feio et al.,
007) since the appearance of new water legislation such as
he Water Framework Directive (WFD; 60/CE/2000). The techni-
al basis underlying predictive modeling is substantially different
rom the “upstream/downstream” approach more traditionally
sed to evaluate the degree and magnitude of impact (Green,
999). The approach compares impacted sites with an expected
eference community. In essence, predictive modeling aims to pre-

ict the composition of biological communities based on stream
nvironmental attributes that may  influence the distribution and
bundance of species. For a given site, the predicted community

∗ Corresponding author. Tel.: +34 986812585.
E-mail address: ipardo@uvigo.es (I. Pardo).

ttp://dx.doi.org/10.1016/j.ecolind.2014.03.019
470-160X/© 2014 Elsevier Ltd. All rights reserved.
would represent the biotic conditions that would exist under no
impact and, thus, can be used as a reference to infer the depar-
ture of such site from its natural status. It should be noted that the
utility of predictive models strongly depends on the existence of a
relationship between the selected environmental features and the
species occurrence or/and abundance (Wright, 2000). In this sense,
changes in the species habitat templet (sensu Southwood, 1977),
influenced by natural (drought, floods) or human disturbances (cli-
mate change, organic or chemical pollution, hydromorphological
alterations), or by both, can change patterns of species distribu-
tion, abundance, diversity and ecosystem functioning (Puccinelli,
2011).

Macroinvertebrates are commonly used as bioindicators of envi-
ronmental stress in streams and rivers (Bennett et al., 2011), as they
may  respond to environmental change from a variety of distur-
bances ranging from nutrient enrichment to hydromorphological
alteration (Johnson and Hering, 2009). This capability of macroin-

vertebrates should ideally be integrated in assessment systems
in a way that may  allow the detection of impact across multi-
ple pressure gradients, as opposed to the selection of responses
targeting a specific single stressor (i.e. organic pollution, such as

dx.doi.org/10.1016/j.ecolind.2014.03.019
http://www.sciencedirect.com/science/journal/1470160X
http://www.elsevier.com/locate/ecolind
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecolind.2014.03.019&domain=pdf
mailto:ipardo@uvigo.es
dx.doi.org/10.1016/j.ecolind.2014.03.019
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he saprobic index (Zelinka and Marvan, 1961), or hydromorpho-
ogical degradation (Lorenz et al., 2004)), as it has been indicated
or macrophytes (Kanninen et al., 2013), to account for syner-
ies or antagonisms between stressors (Darling and Côte, 2008).
redictive models can detect multiple directional shifts in com-
unity composition as a response to single or multiple combined

tressors, because they use the whole community in assessing dis-
urbance, and mostly because the structure of the community is
ot constrained by a priori selection of biological responses to
tressors causing degradation (i.e. construction of multimetrics
ombining biological metrics that respond individually to different
tressors).

The WFD  provides scientific and technical guidance documents
or its implementation across Europe, establishing standardized
cological designs for biological assessment to ensure compara-
le environmental objectives among countries (e.g. Bennett et al.,
011; Kelly et al., 2012). A basic requirement is the division of natu-
al aquatic ecosystems in water categories (rivers, lakes, wetlands,
oastal and transitional waters) and, within each, in “types”. The
type” comprises aquatic ecosystems of similar structure and func-
ion, conceptually they are characterized by type-specific chemical
nd hydromorphological conditions and inhabited by specific biotic
ommunities. They need to be differentiated using abiotic descrip-
ors (e.g. altitude, catchment area, geology), some being obligatory
nd some optional. It must be stressed that the biological com-
unities cannot be used to infer typologies to avoid circularity

n assessment, despite the fact that the expected unimpaired
iological communities should be type specific (WFD: Directive,
000/60/EC). Another important concept is the “ecological status”,
efined as the “expression of the quality of the structure and func-
ioning of aquatic ecosystems associated with surface waters” (art.
.21). The concept of reference condition (Reynoldson et al., 1997;
ailey et al., 1998; Reynoldson and Wright, 2000; Bailey et al., 2004)

s at the core of the ecological status classification systems of the
FD  used to gauge the effects of human activity (Karr and Chu,

999). In brief, the European application of the concept used spatial
etworks of minimally disturbed streams and rivers sensu Stoddard
t al. (2006) for each “type”, compliant with a given set of pres-
ure criteria thresholds. The check with pressure criteria should
nsure the absence of significant impact at those sites (Pardo et al.,
012). Consequently, the type-specific derived biological reference
onditions are the benchmark against which any test site belong-
ng to the type is assessed. Finally, biological classification systems
or the ecological status have to show a significant response to
ressures, in line with the analytical framework for the assessment
f pressures and impacts (Driving force-Pressure-State-Impact-
esponse; DPSIR), adopted by the European Environment Agency
1999). Moreover, they have to provide some understanding of the
evel of confidence and precision of the ecological status assess-

ent, to estimate the confidence to which an individual water body
an be assigned to an ecological status class (Clarke and Hering,
006).

The aim of this study is to develop a predictive model for North-
rn Spain that meets the new scientific and technical requirements
escribed in the new EU policy for water management. Within this
ramework, biotic and abiotic data were assembled from minimally
isturbed sites or reference sites, where the absence of significant
ressure criteria was verified. Here, we describe the development
f the invertebrate NORTI (NORThern Spain Indicators system) pre-
ictive model for streams and rivers of Northern Spain, a fully WFD
ompliant method. We  used stress gradients to test the invertebrate
esponse to multiple sources of pollution and stream degradation,

n order to assess the sensitivity of the predictive models. The clas-
ification system developed here is presently used by the Regional
ater Authorities in Northern Spain to assess the ecological status

f streams and rivers.
ators 45 (2014) 51–62

2. Methods

2.1. Study area

The study area included most of the Northern coast of Spain,
from the Western Atlantic corner (Galicia) to the beginning of
the western Pyrenees (Navarra) in the East, covering an area of
38,450 km2 (Fig. 1). The latitudinal range is small with the high
mountains, where the rivers originate, very close to the Northern
coast. The altitudinal range is high, from a maximum altitude of
2640 to 0 m.a.s.l. In the Western part, the longest river (River Miño)
drains the largest catchment of 16,357 km2. The dominant cli-
mate is oceanic, with abundant rainfall throughout the year (mean
annual precipitation of 1500 mm [Coastal Galicia water district],
mean annual precipitation of 1175 mm [Miño-Sil water district]
and 1350 mm  [Cantabrian water district]), and moderate variation
in temperatures, with mild winters and cool summers. The geol-
ogy in the area varies from mainly granitic and siliceous rocks in
the West, to a dominance of carbonate rock in the Northeast. The
highest human population density occurs near the coast and, in
particular, in the Eastern and Western parts of the study area (total
population in the study area is approximately 7 million). The main
anthropogenic effects on streams and rivers are motivated by chan-
nel modification in urban areas, flow regulation for hydropower
generation, point source organic and industrial pollution, and dif-
fuse pollution from agriculture.

Rivers within the Northern catchments are short, rapid and
plentiful, flowing South to North through steep valleys. The excep-
tions occur within the Miño-Sil Catchment, where some long rivers
with multiple tributaries flow east-west through elongated and
narrow valleys. Most streams and rivers are fast flowing high gradi-
ent streams, because of the proximity of their mountainous origin
to the sea, their substrate is generally coarse as a consequence
of large hydrological variation. Legislation requires the rivers in
Northern Spain to maintain, at minimum, narrow forested riparian
areas, thus, helping to maintain the hydromorphological integrity
of streams and rivers, while supporting habitat and providing lit-
terfall inputs that sustain stream functions in these oligotrophic
streams (Pardo and Alvarez, 2006).

2.2. Data collection

In this study, a total of 676 sampling stations were identified
spatially incorporating the wide range of existing environmental
gradients, aiming to cover thoroughly the natural variability of
stream types and reference conditions that exist in the studied area.
Each sampling station was sampled at least once between 2000 and
2008. Most stations were sampled only once a year, in summer,
except for 2006 and 2008, when 162 and 6 stations, respectively,
were also visited in spring. The total number of samples collected
was 1421. Sampling effort per year varied, the smallest number cor-
responding to 2000–2002 (<10 samples per year) and the highest
in 2003, 2006 and 2008 (≥290 per year).

2.2.1. Benthic macroinvertebrates
At each station, macroinvertebrates were sampled from 20 sub-

sampling units collected in a 100 m reach using a D-frame dip net
(width = 0.25 m;  mesh size = 0.5 mm).  The subsampled units were
selected following the multihabitat sampling approach (adapted
from Barbour et al., 1999) in which five major habitats (repre-
senting > 5% of the total area) were sampled according to their
proportional distribution in the reach. Each subsampling unit cov-

ered a distance of 0.5 m, thus yielding a sampled surface area of
0.125 m2. All subsampling units were pooled into one sample, for
a total sampled surface area per site of 2.5 m2. Samples were pre-
served in 96% ethanol. In the laboratory, each sample was washed
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ig. 1. Location of the studied area in North Spain (�, Main river axes; ©,  Mixed c
treams).

sing three sieves (5 mm,  0.5 mm and 0.1 mm  of mesh size) to
ncrease sorting efficiency. When the number of individuals was
oo large, a further sub-sampling was carried out only in medium
nd fine fractions until a count of a minimum of 100 individuals was
ttained following Wrona et al. (1982), and multiplying the sub-
ample counts for the fraction of the sample represented. The final
bundance per sample was obtained by adding the counts from the

 separated and identified fractions. Complementary visu inspec-
ion were produced on the median fraction to account for new and
are taxa of medium size. Individuals were identified to family level
except for Acari, Oligochaeta and Nematoda).

.2.2. Water chemistry
Dissolved oxygen saturation was measured in situ with an oxy-

en meter (YSI 556 MPS). Additionally, in most sampling visits
ltered water samples were collected to quantify nutrients, indica-
ive of human-induced disturbance. Filtration was carried out
n situ with a hand-pump through a glass fiber filter (Whatman GF/F

ith a pore size 0.045 �m).  Samples were immediately frozen and
ransported to the laboratory. Phosphate [P-PO4

−3 mg/L], nitrate
N-NO3

− mg/L], nitrite [N-NO2
− mg/L] and ammonium [N-NH4

+

g/L] were analyzed following the specific ISO standard methods
or water samples (ISO 1996, 2003, 2005) by means of a continuous-
ow analyzer (Auto-Analyzer 3, Bran + Luebbe, Germany).

.2.3. Reach and catchment conditions
Besides the in-stream characterization, other abiotic variables

ere predetermined for each site, at both reach and catchment
cales. The WFD  recommends the use of particular abiotic factors
or distinguishing stream types within a region. Stream types can be
efined using two different WFD  systems: System A is a standard-
zed system with obligatory physical descriptors and boundaries,
hile System B is more flexible and allows the inclusion of both

bligatory and optional variables and boundaries. Following Sys-
em A, sampling stations were characterized by the obligatory
ous rivers; �, Mixed siliceous rivers; �, Mixed lowland rivers; �, Small mountain

variables of altitude [m], latitude [m], longitude [m], catchment
area [km2] and geology. In addition, several optional variables from
System B (mean channel slope [%], annual precipitation [mm] and
catchment slope [%]) were determined (Table 1).

2.2.4. Human activity gradients
Eleven variables were selected to quantify major stressors

in the study area. Land-use activities (artificial surfaces, inten-
sive and low-intensity agriculture areas), and natural/semi-natural
areas in the catchments were estimated from CORINE land
cover maps (Coordination of Information on the Environment,
Land Cover 2000); see Pardo et al. (2012) for detailed informa-
tion for corresponding CORINE land cover categories. The river
catchment authorities provided information on anthropogenic
activities/interventions for each sampling station and at the catch-
ment scale: population density; sewage volume, differentiating
between domestic wastewater, urban wastewater and industrial
wastewater; the total number of dams upstream; upstream dams
cumulative height per catchment area; river protection (levees) and
the number of water transfers and diversions per catchment area.

2.3. Identification of reference sites

To identify reference sites, a screening was conducted based
on the stressor criteria agreed by the Central/Baltic Geographic
Intercalibration Group for the implementation of the WFD  (Pardo
et al., 2012). However, lower rejection thresholds were applied for
land-use (artificial = 0%, total agriculture < 25%) in small streams
(<100 km2) given their higher sensitivity to human impact. Simi-
larly, in medium and large rivers, lower protective thresholds were
considered (artificial ≤ 0.6%, intensive agriculture < 25%) following

recommendations by Pardo et al. (2011). Afterwards, expert
judgment was applied to check if biota of those sites evidenced any
human-induced disturbance that might not have been considered,
but no site was rejected. Spearman correlations were performed
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Table  1
Sources of information to derive the typology variables and their units.

Descriptor Unit Source

System A UTM X (m)  m European Datum 1950 Zone 30 system
UTM Y(m) m European Datum 1950 Zone 30 system
Altitude (m)  m Digital Terrain Model (DTM; Instituto Geográfico Nacional, 2004–2008)
Catchment area (km2) log-transformed km2 Digital Terrain Model (DTM; Instituto Geográfico Nacional, 2004–2008)
Calcareous substrate (%) % Lithostratigraphic map (Instituto Geológico y Minero de España, 2006)

System B Mean channel slope % Percentage from DTM
Annual precipitation mm From precipitation map (Estrela y Quintas, 1996)
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etween the pressure variables and ecological status values
rovided by the NORTI in reference sites, confirming the absence
f significant relationships within the reference sites (all Spearman
orrelations p > 0.01). Only the first sample collected at a site was
onsidered for the reference sites network building, yielding a
etwork composed of 108 samples collected during summer.

.4. Model construction and calculations of O/E

.4.1. Model construction and validation
To identify biological groupings in the reference samples, a

roup-Average Agglomerative Clustering (GAAC) was  conducted
n the Bray–Curtis similarity matrix of log-transformed relative
bundances of 96 taxa. In GAAC, the similarity between two clusters
s measured by the average of all the similarities between all com-
inations of two objects, one from each cluster (Quinn and Keough,
002). Groups were set at different similarity levels (ranging from
2.5% to 59.8%) based on visual inspection of the dendrogram.
roups with less than 10 samples (1–5 sites groups) were removed

rom further analyses after examination of their invertebrate com-
unities and geomorphological settings, to confirm that they were

ot really true representatives of any missing stream or river type
ut similar to other bigger taxa groups, and following Reynoldson
nd Wright (2000) recommendations for sufficient sites to suitably
haracterize the variation within a reference group. Differences
mong groups were evaluated with ANOSIM analysis (Clarke,
993). Additionally, a non-Metric Multidimensional Scaling (MDS)
rdination was performed on the Bray–Curtis similarity matrix to
isually depict such differences among groups. All these analyses
ere run using PRIMER software v.6 (Clarke and Gorley, 2006).

In order to predict biologically-relevant groups from abiotic
ariables, a multinomial logistic regression was conducted using
he GAAC cluster-derived groups as response variable and the nine
biotic factors as potential predictors. This type of regression allows
he prediction of multiple levels nominal variables with an array of
ndependent variables, in a similar manner as discriminant analysis
oes (Hossain et al., 2002). Obligatory factors, following System A
WFD), were included, as permitted in the analysis, as forced entry
erms in the model, being confirmed its inclusion in the model
y its significant entrance in the model. The rest of the potential
redictors were selected using an automatic forward stepwise
rocedure for variable selection based on their significance. A
hreshold of p < 0.05 was set for predictor inclusion and p > 0.10 for
redictor removal. A “leave-one-out” cross-validation procedure
as manually conducted in order to evaluate the predictive ability

f the model. Validation results consist of a confusion matrix. The
onfusion matrix compares the GAAC cluster-derived group for
ach given site with the group predicted with the multinomial

egression model (see Table 4 for illustration). Moreover, it should
e noted that the prediction of the group was conducted under a
ross-validation procedure and thus the site of interest had been
reviously removed from the training set to ensure independence
Percentage from DTM
Digital Terrain Model (DTM; Instituto Geográfico Nacional, 2004–2008)
Digital Terrain Model (DTM; Instituto Geográfico Nacional, 2004–2008)

in the comparison. The final model equations were used to predict
the stream type (i.e. group) for all test sampled sites that did not
fulfill the pressure criteria thresholds for reference conditions.
Multinomial logistic regression analyses were performed with
SPSS v. 16.

2.4.2. O/E calculation
The WFD  states that monitoring systems for ecological qual-

ity assessments should be comparable across European countries.
With this aim, the ecological status of a water body should be
expressed as an ecological quality ratio (EQR) where the observed
value of the classification parameter is divided by the expected
value of the parameter in the absence of anthropogenic alteration.
Such expected value was  inferred from the network of reference
sites corresponding to the same type of water body (i.e. same
expected biological association).

In this study, EQR values were estimated from the observed sim-
ilarity between each sample of interest (hereinafter test sample)
and the expected median similarity for the reference samples for
its type (i.e. group predicted with the multinomial logit regression).
Using the following procedure: (1) we confirmed that the cen-
troid (the ordination point central to the reference sites location),
corresponded with a sample position resulting from a type refer-
ence community composed by the median composition of the taxa
within the reference group of sites. (2) We calculated the BC similar-
ity between each test site community and the median community
of its corresponding type. The greater the similarity percentage
between the test sample and the centroid (i.e. Bray–Curtis value
close to 100%), the lowest the difference from reference. (3) To
obtain the EQR, the observed similarity between the test site
community and the median reference community divided by the
expected similarity value. Such expected value calculated as the
median value of the similarity between each reference sample and
the centroid in an NMDS representing only the reference samples
of the particular water body type (GAAC group).

2.5. Ecological status class assignment: class confidence

The ecological quality ratio (EQR) ranged from 0 to >1 because
we used the median value from reference samples to calculate the
EQR. The EQR scale was divided into five classes, as WFD  requires,
by considering the global median EQR from reference sites as
the first High/Good boundary, and dividing the remaining scale
between 4 to obtained the next 3 boundaries in a mathematical
way. These class boundaries were intercalibrated at the European
level in 2011 (Intercalibration technical report for rivers, data no
published), being the final intercalibrated assessment bands: High
(H) > 0.930; Good (G) = 0.930–0.700; Moderate (M) = 0.700–0.500;

Poor (P) = 0.500–0.250; Bad (B) < 0.250. Additionally, the “proba-
bility of ecological class membership” or “confidence of class” was
estimated for each single value of EQR that can be obtained from
a unique sample collected at a particular site. The rationale behind
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ies in the fact that natural spatio-temporal variability in EQR
alues at a site may  cause misclassification from its “true” class if a
ingle sample is used for ecological classification. The “true” class
ould correspond to the one obtained given perfect information

or that location and sampling period.
To compute the confidence of class, a two-step approach was

onducted, following Kelly et al. (2009). First, the relationship
etween mean EQR values and their standard deviation was
odeled with a second-order polynomial equation using data from

ll sampling locations surveyed at least twice. Second, assuming
hat the variability in the observed EQR values at a particular site
s normally distributed, the confidence distribution associated to

 given EQR value was assumed to follow a normal distribution
n which the standard deviation is estimated from the polynomial
quation obtained in step one. For each ecological class and EQR
alue, the confidence of class was computed using the cumulative
istribution function in Excel (NORMDIST). This function provides
he probability of such EQR being superior to the lower class bound-
ry and hence the probability of being in the class of interest or in

 better one. Thus, the probability value is computed using the EQR
alue, the ecological class lower boundary (introduced as the dis-
ribution mean) and the predicted standard deviation for such EQR
alue as pi = 1 − NORMDIST (EQR value; class boundary; predicted
tandard deviation). For any given EQR value, five equations are
ecessary to estimate its confidence of class, where pi represents
he probability of belonging to a status class worse than the class of
nterest (bad (B), poor (P), moderate (M), good (G) and high (H)). So,
o compute the confidence of class for the bad status, the probability
f being in a worse class than poor is used:

 Confidence of bad status class = 100pP
And the same rationale is applicable for the rest of the status

classes:
 Confidence of poor status class = 100(pM − pP)
 Confidence of moderate status class = 100(pG − pM)
 Confidence of good status class = 100(pH − pG)
 Confidence of high status class = 100(1 − pH)

Graphically, this procedure equates to the plotting of the bell-
haped confidence distribution against the EQR range and class
oundary limits, in order to calculate the area under the curve
ithin each ecological class region.

.6. EQR values and environmental conditions

We  tested whether the EQRs responded to stress gradients or
ot, using multiple regression models, were the EQR values were
he response variable and the main stress gradients the potential
redictors. Stress gradients were extracted from a Principal Compo-
ents Analysis with varimax rotation on anthropogenic stressors:
ater chemistry (ammonium, nitrate, nitrite, phosphate, oxygen

aturation), land-use in the catchment (artificial, intensive agri-
ulture, low intensity agriculture, natural or semi-natural areas),
ydromorphological alterations in the catchment (length of lev-
es used for the protection of riverside interventions, transfers and
iversions, number and height of dams), population density and
ewage volume (domestic, urban and industrial wastewater). Some
ariables were transformed in order to improve the linearity of rela-
ionships between variables (see Quinn and Keough, 2002). Five
omponents with eigenvalues above 1 were extracted, explaining
9.4% of variance.

For the regression analysis, the mean EQR value was computed

f several samples were collected for a given locality. Variable selec-
ion was based on a “best subset model approach” (see Burnham
nd Anderson, 2002) following the AIC criterion. The lower AIC
alue is, the better the model is. Plausible models were the model
ators 45 (2014) 51–62 55

with the lowest AIC value as well as those with a difference in AIC
value below 10 (see Burnham and Anderson, 2002).

3. Results

3.1. Model construction and validation

A total of 110 taxa were identified in the whole studied area,
with Chironomidae, Baetidae and Elmidae being the most abun-
dant, while Chironomidae, Baetidae and Hydrobiidae were the most
frequent taxa.

Based on GAAC clustering, five groups (i.e. groups of invertebrate
assemblages) were identified in the reference site network (n = 108)
with similarity levels ranging from 52.5% to 59.8% (Fig. 2). Sev-
enteen samples were excluded as they formed small groups (<10
samples) without clear relationship to other bigger ones. ANOSIM
analyses demonstrated that each of the five groups differed from
the rest (Global ANOSIM R = 0.635; p < 0.01; pair-wise ANOSIM
R > 0.422; p < 0.001). Such group distinctiveness was  also evidenced
in a 2-dimension NMDS ordination of samples (Fig. 3). Groups also
differed in their environmental characteristics (Table 2) and, could
be classified as Main river axes (Type I), mixed-calcareous rivers
(Type II), mixed-siliceous rivers (Type III), mixed-lowland rivers
(Type IV) and small mountain rivers (Type V) (Table 2).

A total of 88 families were found at the 91 reference sites,
with a total taxa richness per stream type ranging from 66 to 77
taxa, and mean taxa richness from 29.3 ± 1.0 to 39.2 ± 2.3 (Table 2).
Mean abundance was  minimal in type 2 (5299.2 ± 520.2) and max-
imum in type 4 (6756.9 ± 582.5). A SIMPER analysis between the
stream types revealed that a high number of taxa contributed
on a mean to the dissimilarity between the types (53.6 ± 0.6)
being the mean dissimilarity among all pairwise types comparisons
42.2 ± 0.9. The taxa contributing most to the dissimilarity among
river types (to the first 30% of dissimilarity contribution among
types) either by its presence or by its abundance, corresponded
to the families: Ancylidae, Aphelocheiridae. Caenidae. Calopterygi-
dae. Empididae, Ephemerellidae, Gammaridae, Goeridae, Gyrinidae,
Heptageniidae, Hydraenidae, Hydrobiidae, Hydroptilidae, Lepidos-
tomatidae, Leptoceridae, Leptophlebiidae, Nemouridae, Oligochaeta,
Perlidae, Philopotamidae, Planariidae, Psychomyiidae, Scirtidae, Seri-
costomatidae, and Sphaeriidae. The mean relative abundance and
standard error of the taxa contributing up to 90% to the similarity
within each group are presented in Table 2.

The final logistic model was  composed of six environmental
variables: geographical coordinates (UTM X and UTM Y), altitude,
catchment area, calcareous substrate and catchment slope (Table 3)
and explained 90% of the variability (Nagelkerke pseudo-R2 = 0.89).
Only one of the optional variables (catchment slope) was  selected
in the step-wise procedure of the multinomial logit model. The
mean values and standard error of these variables in the reference
samples network are presented in Table 2. Cross-validation results
evidenced acceptable discrimination ability since model parame-
ters correctly classified 64.8% of the cases. Model predictions for the
river catchments sampled in this study (n = 676 sites) showed that
the type 3 (mixed-siliceous rivers) was the most abundant stream
type within the studied area.

We directly compare the European system A river typology of
the Central Baltic area, where the Northern Spanish rivers have
been intercalibrated (Bennett et al., 2011), with the resulting NORTI
types, observing a broad agreement with some of the system A
types (Table 6). We  also run a direct comparison between the per-
formance of the O/E EQR resulting from the NORTI types and the

O/E EQRs derived with the same method from the European A types,
evaluating the precision of the estimates (i.e. standard deviation)
for the reference population as suggested by Aroviita et al. (2008).
The comparison indicated a higher performance of the O/E NORTI
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ig. 2. Dendrogram showing the classification of reference sites according to th
orrespond to excluded samples.

QRs (0.950 ± 0.116 mean ± SD) than the O/E EQRs of the typology
 (0.978 ± 0.228), indicative of less variation in the reference sites
stimation.

.2. EQR and ecological status class assignment: confidence of
lass

EQR values ranged from 0.063 to 1.307 and were obtained after
ividing the observed similarity for a particular sample by the
edian similarity value calculated from all pairwise comparisons of

eference sites in each type (i.e. expected median similarity value:
ype 1 = 72.26%; Type 2 = 70.57%; Type 3 = 71.64%; Type 4 = 74.51%;

ype 5 = 76.31%). The assignment to ecological classes following
tandard boundaries evidenced an over representation of samples
n the best (good and high) ecological classes (B = 26 samples; P = 89
amples; M = 242 samples; G = 781 samples and H = 283).

River type  based  
on inv ertebrate  
community:

Type 1

Type 2

Type 3

Type 4

Type 5

2D  Stress: 0.25

NMDS 1

N
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D
S

 2

ig. 3. Bray–Curtis based non-metric multidimensional scaling (NMDS) ordination
f  macroinvertebrate reference samples. Symbols correspond to observed stream
ype, as extracted from GAAC clustering.
acroinvertebrate communities. Identified stream types are shown. Dashed lines

Variability in EQR values measured at a given sampling station at
different times ranged from almost negligible (minimum standard
deviation in a sampling station = 0.0004) to large (maximum
standard deviation in a sampling station = 0.313, with only 6.3%
of the stations with a standard deviation above 0.20). In gen-
eral, largely different values of standard deviation of EQRs were
observed along the EQR range and no clear pattern was depicted.
Thereby, standard deviation of EQRs showed no relationship with
mean EQR (Fig. 4).

The probability of ecological class membership evidenced that
very high confidence (> 85%) can be only attained for very small
(<0.128) and very large (>1.031) EQR values. For the rest of the EQR
values, maximum confidence of classes (between 75% and 80%) is
attained in the center of the ecological class region while mini-
mum confidence is observed in the class boundaries, as expected.

Notably, the lowest maximum confidence corresponds to the mod-
erate class (Fig. 4). As an example, for the NORTI EQR of 0.75
(0.70 good boundary) on ≥2 samples on a site and the sampling
uncertainty SD of 0.088, the observed status class is good, with a

y = 0.0883x2 - 0. 124 9x +  0.1316

r = 0.0008;  p= 0.9844
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Fig. 4. Within-site variability in EQR values for sites with ≥2 samples. The line is
fitted to a polynomial function.
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Table  2
Abiotic catchment characteristics (mean ± SE) and description of the invertebrate assemblages composition (in bold, taxa contributing up to 90% to the similarity of the
group)  of the 5 stream types identified by GAAC clustering (data represent mean relative abundance ± SE). Only data from the network of 91 reference sites is used.

Main river axes Mixed-calcareous rivers Mixed-siliceous rivers Mixed lowland rivers Small mountain rivers
1  2 3 4 5

UTM X 158.0 ± 81.4 416.2 ± 95.1 151.6 ± 143.5 216.2 ± 96.2 259.8 ± 104.6
UTM  Y 4769.5 ± 46.1 4784.1 ± 8.5 4736.0 ± 45.1 4784.8 ± 39.4 4757.5 ± 38.4
Altitude (m)  367.2 ± 376.8 327.6 ± 175.7 480.9 ± 247.6 296.3 ± 183.5 801.6 ± 302.8
Catchment slope (%) 21.5 ± 16.6 38.6 ± 8.1 32.7 ± 11.8 43.7 ± 9.1 48.5 ± 11.3
Catchment area (km2) 885.7 ± 694.6 65.7 ± 70.8 20.6 ± 13.8 88.6 ± 140.8 21.8 ± 20.7
Calcareous substrate (%) 21.0 ± 22.7 79.9 ± 26.0 10.3 ± 25.5 29.0 ± 31.5 27.1 ± 31.6

n◦ sites 10 14 19 20 28
Similarity intra-group 61.1 60.5 63.1 63.3 66.3
Total  taxa richness 75 73 76 77 66
Mean taxa richness ± SE 39.2 ± 2.3 32.6 ± 1.6 38.2 ± 1.1 37.3 ± 1.0 29.3 ± 1.0
Mean  abundance ± SE 6351.8 ± 451.2 5299.2 ± 520.2 5567.7 ± 900.6 6756.9 ± 582.5 6233.2 ± 923.0

Taxa
Ancylidae 2.3 ± 1.1 0.7 ± 0.3 0.4 ± 0.1 2.8 ± 0.5 0.5 ± 0.1
Aphelocheiridae 0.3 ± 0.1 0.0 ± 0 0.0 ± 0 0.0 ± 0 0.0 ± 0
Athericidae 0.8 ± 0.2 0.5 ± 0.1 1.8 ± 0.6 0.7 ± 0.1 0.4 ± 0.1
Baetidae 10.6 ± 2.5 18.8 ± 2.9 5.0 ± 1.1 6.6 ± 1.2 12.3 ± 2.1
Brachycentridae 0.4 ± 0.1 1.0 ± 0.5 1.8 ± 0.4 1.4 ± 0.4 1.7 ± 0.5
Caenidae 4.7 ± 1.8 1.1 ± 0.6 0.1 ± 0.1 0.3 ± 0.1 0.1 ± 0.1
Calopterygidae 0.1 ± 0.1 0.1 ± 0.1 0.5 ± 0.2 0.3 ± 0.1 0.0 ± 0
Chironomidae 20.0 ± 3.6 16.1 ± 2.2 21.0 ± 1.8 25.5 ± 3 19.9 ± 2.3
Elmidae 10.9 ± 1.7 13.3 ± 1.2 13.4 ± 2 9.1 ± 1.3 6.1 ± 1
Empididae 0.2 ± 0.1 0.1 ± 0.1 0.7 ± 0.1 0.7 ± 0.2 0.6 ± 0.3
Ephemerellidae 3.3 ± 1.4 0.9 ± 0.3 0.4 ± 0.1 3.5 ± 0.9 0.5 ± 0.2
Gammaridae 0.4 ± 0.2 4.8 ± 1.7 0.3 ± 0.2 0.7 ± 0.5 0.4 ± 0.3
Goeridae 0.4 ± 0.4 0.5 ± 0.3 0.2 ± 0.1 2.3 ± 0.8 1.3 ± 0.6
Gyrinidae 0.1 ± 0 0.1 ± 0.1 0.8 ± 0.2 0.4 ± 0.2 0.1 ± 0
Heptageniidae 5.1 ± 1.8 6.0 ± 1.8 5.9 ± 1 6.6 ± 1.3 12.5 ± 1.4
Hydraenidae 0.1 ± 0.1 0.5 ± 0.1 2.6 ± 0.7 0.3 ± 0.1 1.5 ± 0.4
Hydrobiidae 1.9 ± 1.3 1.6 ± 0.5 0.0 ± 0 3.6 ± 1.5 0.0 ± 0
Hydropsychidae 6.5 ± 2.8 5.4 ± 1.3 8.3 ± 1.3 9.9 ± 1.2 7.8 ± 1.4
Hydroptilidae 0.1 ± 0.1 1.1 ± 0.6 1.3 ± 0.7 0.3 ± 0.1 0.1 ± 0
Lepidostomatidae 0.2 ± 0.1 0.0 ± 0 0.6 ± 0.2 1.2 ± 0.4 0.2 ± 0.1
Leptoceridae 1.0 ± 0.3 0.2 ± 0.1 0.3 ± 0.2 0.4 ± 0.1 0.1 ± 0
Leptophlebiidae 2.7 ± 2.3 1.6 ± 0.6 6.1 ± 1.1 1.3 ± 0.5 3.0 ± 0.7
Leuctridae 4.4 ± 0.8 7.9 ± 2.1 5.3 ± 0.9 5.3 ± 1 6.8 ± 0.7
Limoniidae 0.3 ± 0.3 0.4 ± 0.2 0.2 ± 0.1 0.1 ± 0 0.5 ± 0.1
Nemouridae 1.6 ± 1.6 0.1 ± 0 2.9 ± 0.7 1.9 ± 0.4 5.9 ± 0.9
Oligochaeta 6.8 ± 2.4 0.5 ± 0.1 4.8 ± 1.6 1.1 ± 0.4 0.5 ± 0.1
Perlidae 0.2 ± 0.2 0.2 ± 0.1 0.6 ± 0.2 0.2 ± 0.1 2.3 ± 0.6
Philopotamidae 0.3 ± 0.3 0.3 ± 0.2 1.6 ± 0.6 1.1 ± 0.3 1.3 ± 0.4
Planariidae 0.0 ± 0 0.1 ± 0.1 0.8 ± 0.2 0.3 ± 0.2 0.1 ± 0
Polycentropodidae 0.7 ± 0.3 0.4 ± 0.2 0.5 ± 0.2 0.5 ± 0.1 0.1 ± 0.1
Psychomyiidae 0.6 ± 0.2 0.0 ± 0 0.3 ± 0.2 0.9 ± 0.4 0.2 ± 0.1
Rhyacophilidae 0.8 ± 0.6 0.6 ± 0.1 0.6 ± 0.1 0.7 ± 0.1 1.1 ± 0.2
Sericostomatidae 0.4 ± 0.2 0.9 ± 0.4 1.5 ± 0.4 1.8 ± 0.6 3.4 ± 0.6
Simuliidae 2.1 ± 0.7 10.5 ± 3.5 1.6 ± 0.3 3.7 ± 1.5 5.1 ± 1.2
Sphaeriidae 3.5 ± 1.3 0.1 ± 0.1 0.0 ± 0 0.2 ± 0.1 0.0 ± 0

Taxa with abundance lower than 10 individuals/2.5 m2 in all types are suppressed.
Type 1: Aeshnidae; Calamoceratidae; Cordulegastridae; Corixidae; Dryopidae; Dytiscidae; Erpobdellidae; Gerridae; Glossiphoniidae; Gomphidae; Limnephilidae; Lymnaei-
d  Dixid
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ae;  Planorbidae; Sialidae; Type 2: Aeshnidae; Blephariceridae; Ceratopogonidae;
ixidae; Dytiscidae; Erpobdellidae; Gerridae; Limnephilidae; Scirtidae; Sialidae; Typ

dae;  Uenoidae; Type 5: Ceratopogonidae; Dixidae; Dytiscidae; Erpobdellidae; Limn

robability of 69.60%, but there is also an estimated probability
28.19%) of being moderate (Fig. 5).

.3. Stress gradient analysis

The extraction of five principal components explained 69.4% of
he variance in anthropogenic stressors (Table 5). These main pres-
ure gradients corresponded to sewages inputs (PCA #1; 27.8%);
utrophication (PCA #2; 18.9%); hydromorphological alterations
PCA #3; 9.7%), intensive agriculture (PCA #4; 6.9%) and a low
ntensity agriculture gradient opposed to an oxygenation gradi-
nt (PCA #5; 6.1%). All extracted gradients were included in the

odel selected as best (AIC = −1832.95; R2 = 0.323; F5,476 = 45.5,

 < 0.001) and showed a negative relationship with EQR values
Fig. 6; note that the relationship between PCA #5 and low
ntensity agriculture is negative (Table 5)). However, a model
ae; Ephemeridae; Gerridae; Limnephilidae; Type 3: Aeshnidae; Cordulegastridae;
eshnidae; Ceratopogonidae; Cordulegastridae; Ephemeridae; Gerridae; Limnephil-
idae; Tipulidae.

excluding the intensive agriculture gradient (PCA #4) was also
plausible (AIC = −1832.87; R2 = 0.320; F5,477 = 56.2, p < 0.001) and
this variable was  only marginally significant in the model selected
as best. In the model selected as best, the eutrophication gradient
(PCA #2) and the sewages input (PCA #1) were the most relevant
predictors as they showed the largest standardized coefficients
(Standardized coefficients and significance: PCA #1 = −0.277***;
PCA #2 = −0.410***; PCA #3 = −0.162***; PCA #4 = −0.063 (n.s.);
PCA #5= 0.189***).

4. Discussion
The NORTI classification system based on macroinvertebrates
is a new predictive model designed to fulfill all scientific aspects
required for classification systems under the present European
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Table  3
Parameter estimates (B), standard error (SE) and significance (p) obtained with step-wise multinomial logit regression. The reference category is 5 (“small mountain rivers”).

Stream type Parameter B SE p

Code Name

1 Major river axes Intercept −138.567 161.446 0.391
UTM  X (m) 0.000 0.000 0.981
UTM  Y (m) 0.000 0.000 0.417
Altitude (m) 0.003 0.005 0.591
Catchment slope (%) −0.290 0.135 0.032
Catchment area (km2) log-transformed 8.710 2.957 0.003
Calcareous substrate (%) 0.041 0.047 0.380

2  Mixed-calcareous rivers Intercept −440.262 273.591 0.108
UTM  X (m) 0.000 0.000 0.078
UTM Y (m) 0.000 0.000 0.106
Altitude (m)  0.004 0.005 0.433
Catchment slope (%) −0.454 0.158 0.004
log  Catchment area (km2)log-transformed 4.671 2.466 0.058
Calcareous substrate (%) 0.140 0.054 0.010

3  Mixed-siliceous rivers Intercept 184.374 82.756 0.026
UTM  X (m) 0.000 0.000 0.256
UTM  Y (m) 0.000 0.000 0.031
Altitude (m)  −0.009 0.003 0.004
Catchment slope (%) −0.066 0.046 0.156
Catchment area (km2) log-transformed −0.826 1.472 0.575
Calcareous substrate (%) −0.006 0.019 0.766

4  Mixed lowland rivers Intercept 106.122 87.897 0.227
UTM  X (m) 0.000 0.000 0.079
UTM  Y (m) 0.000 0.000 0.247
Altitude (m) −0.011 0.003 0.001
Catchment slope (%) −0.003 0.051 0.953
Catchment area (km2) log-transformed 1.066 1.425 0.455
Calcareous substrate (%) 0.011 0.018 0.540
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Table 4
Confidence matrix of cross-validation results (leave-one-out procedure). The num-
ber of reference sample sites is shown for each observed and predicted stream type,
being correct predictions highlighted in bold. Percentage of correct assignment for
each stream type and in global is also shown.

Predicted stream type Correct
assignment

Type
1

Type
2

Type
3

Type
4

Type
5

Observed
stream
type

Type 1 5 0 0 2 1 62.5%
Type 2 0 11 2 2 0 73.3%
Type 3 0 1 10 4 5 50.0%
Type 4 4 1 4 11 0 55.0%
ig. 5. Probability of ecological class membership (confidence of class) for any
bserved EQR value in the study area.

egislation requirements from WFD  (i.e. typology; reference con-
itions, normative definitions). It responded to the main human
ressures impairing stream and river ecosystems in Northern Spain
upporting the accuracy of the classification system in detecting
iological impact. Thereby, and consistent with previous assess-

ent provided by predictive models (Wright et al., 1984; Moss

t al., 1987; Parsons and Norris, 1996; Marchant et al., 1997;
awkins et al., 2000), it demonstrated to be a valid system to assess

he ecological status of streams and rivers. NORTI was developed
Type 5 1 1 3 1 22 78.6%

Global: 64.8%

with a spatial network of minimally disturbed sites (reference sites)
following Stoddard et al. (2006), in agreement with pressure crite-
ria used within the European Geographical Intercalibration Groups
of the Common implementation strategy described in Pardo et al.
(2012), but with more preventive thresholds for artificial and agri-
cultural land uses in the catchment, as indicated by previous studies
(Pardo et al., 2011). Moreover, the reference pressure thresholds
tested in this study did not impacted the invertebrate communi-
ties of Northern Spain, supporting the designation of the reference
streams and rivers in the studied area. On the other hand, the inclu-
sion of WFD  obligatory and optional variables in the river’s typology
was supported by the use of statistical criteria for acceptance, con-
cluding in a reliable classification of stream types. Watershed scale
(Bioclimatic region, geology, altitude) and stream-segment vari-
ables (mean channel and valley slopes), following Frissell et al.

(1986), predicted the invertebrate assemblages. Since climate is
similar in the area, geographic, geological and topographic descrip-
tors captured the existing environmental variability in the studied
catchments, and as in other comprehensive studies the large scale
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Fig. 6. Scatterplots showing the relations

actors explained most of the variation in invertebrate composition
n European rivers (Verdonschot and Nijboer, 2004). Notwithstand-
ng, it is noteworthy that high heterogeneity in environmental
onditions exists in Northern Spain, in spite of its reduced area,
nd, thus, the need to identify different river types.

There was a broad coherence between NORTI and System A
ypologies that can be attributed to the fact that invertebrate com-

unities are adapted to and specific of a variety of riverine local
nvironmental conditions (Pardo and Armitage, 1997), as the ones
overed in this study, across a wide range of spatial scales (Frissell
t al., 1986). The NORTI performance in accounting for the natu-
al variation in macroinvertebrate assemblages was  more precise
han the system A river typology, contrary to results from Aroviita

t al. (2008) reporting a similar performance between the sys-
em A typology-based approach and a RIVPACS-type predictive

odel. The system A typology only registers the natural variability
n geomorphological environmental characteristics, while the
tween EQR values and PCA components.

invertebrate river groups predicted by NORTI represent meaning-
ful ecological river types (system B), both in terms of invertebrate
communities and environmental characteristics.

The partitioning of the high natural environmental hetero-
geneity in the area into river types, allowed NORTI to respond
significantly to the dominant disturbance gradients, more strongly
to sewages and eutrophication, in spite of the family level used.
Hawkins et al. (2000) found weak effects of land use variables on
stream biota using RIVPACS predictive models, and attributed to the
family level or to a low degree of impairment the result, suggesting
that family assessments may  be relatively inaccurate in environ-
mentally heterogeneous regions. Meanwhile the North of Spain,
comprising very old regions of the Hesperic massif, maintains a

generally good conservation state, supporting diverse invertebrate
assemblages (Pardo, 2000; Pardo and Alvarez, 2006), not preven-
ting the family level to be sensitive to dominant pressures. In other
studies, the application of Bray–Curtis to (RIVPACS)-type models to
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Table  5
Variable loadings in Principal Components Analysis (PCA). Note that variable transformation are not specified. Highest variables loadings are indicated in bold for each axis.

PCA #1 PCA #2 PCA #3 PCA #4 PCA #5
Sewages Eutrophication Hydromorphological

alterations
Intensive agriculture Low intensity

agriculture

Explained variance 27.8% 18.9% 9.7% 6.9% 6.1%
N-NH4 0.12 0.77 −0.05 0.11 −0.15
N-NO2 0.24 0.78 0.02 0.21 −0.01
N-NO3 0.05 0.35 −0.09 0.64 0.34
O2 0.15 −0.46 0.00 −0.12 0.63
P-PO4 0.06 0.74 0.05 0.21 −0.02
Artificial land use 0.41 0.46 0.06 0.17 0.17
Intensive agriculture −0.23 0.09 0.03 0.85 0.07
Low  intensity agriculture 0.63 −0.03 −0.12 0.17 −0.51
Natural areas −0.14 −0.16 0.13 −0.89 0.25
Population density 0.72 −0.02 0.11 −0.04 −0.39
Urban  wastewater 0.82 0.14 0.20 −0.07 0.11
Industrial wastewater 0.70 0.21 0.32 0.08 0.07
Domestic wastewater 0.87 0.15 0.21 −0.05 0.08
Dams  number 0.20 0.01 0.92 −0.02 0.02
Dams  height 0.06 −0.01 0.90 −0.08 −0.06

0.33 −0.06 0.22
0.68 −0.07 0.19
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Table 6
Direct correspondence in percentages of river sites between the system A river
typology (WFD European intercalibration) and the 5 NORTI stream and river types
(common intercalibration river types: RC2, small lowland siliceous – rock; RC3, small
mid-altitude siliceous; RC4, medium lowland mixed; RC5, large lowland mixed; RC6,
small, lowland, calcareous). In bold stronger agreements between river types.

NORTI stream and river types System A (EU Intercalibration) typology

RC2 RC3 RC4 RC5 RC6

1. Main river axes 9.0 42.1 100.0
2. Mixed calcareous rivers 4.1 3.6 8.8 67.8
3.  Mixed siliceous rivers 65.9 50.9 9.7 2.3
Riverside protection 0.46 0.23 

Transfer/diversions 0.36 −0.03 

bserved and predicted assemblages directly, improved the rela-
ionships between O/E and stressors (Van Sickle, 2008), indicating
hat the compositional nature of BC, as used in this study, improves
he indication of the biota to stressors.

The composition and abundance of invertebrate communities
n reference sites was the basis for defining invertebrate assem-
lages. The types were characterized by a high taxa richness of
0 taxa per type. From the 35 dominant taxa (Table 2) charac-
erizing the reference conditions, 30 corresponded to insects, and
9 corresponded to Ephemeroptera, Plecoptera and Trichoptera
EPT). EPT families showed high abundances (mostly Leuctridae,
eptageniidae, Hydropsychidae and Baetidae) as expected for fast
owing temperate rivers. Crustaceans (Gammaridae) were well
epresented in calcareous and mixed rivers, also appearing in main
iver axes, while being absent from siliceous or mixed streams.
iver type preferences were also manifested by the Aphelocheiridae
ugs (mainly Aphelocheirus occidentalis) from main river axes, with
ivalves Sphaeridae and mayflies Caenidae also for lowland rivers
ssociated with less coarse sediments (gravel-silt). Interestingly,
he Hydrobiidae (mostly Potamopyrgus antipodarum) was absent
rom mountainous and from siliceous rivers, indicative of the lim-
tation of its dispersal in these river types. Our results highlight

 dominance of insects of reophilous character in Northern Span-
sh streams and rivers, in agreement with other extensive studies

here alkalinity, as a surrogate for geology, had a strong influ-
nce in taxa composition from a dominance of Ephemeroptera,
lecoptera and Trichoptera in less alkaline stream systems toward
ollusca and Crustacea (Death and Joy, 2004), but with the excep-

ion of the Diptera Chironomidae,  that showed similar percentages
from 16% to 25%) under the minimally disturbed conditions of river
ypes in this study.

The new statistical approach described here basically consists
f two steps: first, abiotic variables are used to predict river types
f biological significance. In other words, river types are originally
efined by their invertebrate assemblages but, once the typology is
efined, the physiographic catchment features are the ones to infer
he type of new locations. Second, a new statistical approach was
sed to assess ecological status based on the biological commu-
ity of the sample and the O/E relationship. The novelty lies in the

act that the Bray–Curtis similarity is calculated for such test site

ommunity and the type’ reference community (median similarity
alue between each reference site and the median community for
he types). This similarity informs about the deviation of the whole
ommunity from the expected one in reference conditions. The
4.  Mixed lowland rivers 30.1 16.1 37.0 21.6
5.  Small mountain streams 20.5 2.3 8.2

Bray–Curtis similarity value is a traditional “taxon base”  ̌ diversity
measure (Magurran, 2004) that we  used to standardize the simi-
larity between any test site and the expected reference community
for the site type (O/E), by dividing the observed similarity by the
median of the expected similarity within the reference group. The
Bray–Curtis has also shown to perform better than other diversity
or community indices to detect impairment at the community level
(Field et al., 1982; Perkins, 1983), being comparable its response to
the population level response (Pontasch et al., 1989). Bailey et al.
(2004) used MCDist in a similar way as in this study, to indicate how
the reference condition varied in several study cases. They calcu-
late the Bray–Curtis distance of the community from the average
reference community (named MCDist) as single descriptor of the
biota. In this study, we  used the median value of the Bray–Curtis
as the expected value for the reference state, and calculate with
it the O/E value between any test site and the reference commu-
nity.

The original predictive models relied on classification of ref-
erence stream communities and then used discriminant function
analysis (DFA), a same purpose technique as the multinomial
logistic model, to select a suite of habitat attributes that best
matched the biological classification (Wright et al., 1984). We
applied multinomial regression, another widely used methodol-
ogy to classify qualitative variables, for its greater flexibility in
statistical requirements and the reduction in computational time
when using the obtained equations into software development.

Multinomial regression does not require normal distribution for
the residuals neither homoscedasticity (Guisande et al., 2006), and
tends to provide higher percentages of classification than discrim-
inant analysis (Guisande et al., 2011). For comparison purposes
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e performed a discriminant analysis with the six variables used
n NORTI (some did not fulfill normality assumptions, neither
ransformed), and run the analysis for separate groups because the
ypothesis of equal variance was not met  (M box p < 0.05). The

nitial global percentage of correct classification (prior to cross-
alidation) of the multinomial regression was 78%, slightly higher
han the 74.7% of the discriminant analysis that provided 4 signifi-
ant functions.

The RIVPACS assessment was site specific and was  done by
omparing the list of expected taxa predicted by the model for
he site with the observed taxa, also used in Australia (Simpson
nd Norris, 2000) and in the USA (Hawkins et al., 2000). This
pproach was adopted in Canada to the assessment of the Great
akes (Reynoldson et al., 2000) and of the Fraser River in British
olumbia (Reynoldson et al., 2001). The NORTI approach is similar
o the Canadian BEAST by using ordination to conduct the assess-

ent on species composition and abundance, and in the use of
axa composition in any test site to assess the deviation from the
eference sites. However, the NORTI differs from it in the O/E calcu-
ation, as it uses the Bray–Curtis similarity in taxa composition to
he reference, instead of using bands of biological quality (ellipses
f probabilities) to assess how similar a test site is to the reference
ites (Rosenberg et al., 1999). The O/E NORTI value is classified in
lasses from High to Bad, using the European intercalibrated bound-
ries. Moreover, the probability of assess confidence of WFD  status
lass based on

EQR class limits (probability of belonging to a class or another)
s given per each O/E individual value, calculated as indicated in
his study.

NORTI assessment is recommended for summer (from June to
eptember), as summer samples were the ones used for reference
onditions establishment, and to prevent higher uncertainty due to
amples collected at different times of the year. Seasonal changes
n community composition might be responsible for a model lower
erformance when used in other seasons, as evidenced for other
ommunity derived predictive models (Reece et al., 2001). How-
ver, it should also be noted that the response of the NORTI model to
ressures is good even when including spring samples and that the
ncertainty level for the EQR of a site is similar to previous studies
Clarke, 2013). Shifts in community composition in the studied area
re maximum between autumn-winter and summer months, being
pring assemblages more similar to summer (Pardo, 2000). The
ecommendation of using summer samples is to ensure minimum
isturbances from autumn-winter flow on the biota (Pardo, 2000),
hile low discharge levels influence maximum effluents impair-
ent. The NORTI predictive-model approach satisfies the main

equirements for any WFD  biological monitoring, being presently
sed by the water authorities of Northern Spain to assess the eco-

ogical status of rivers.
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