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The objective  of  the  present  article  is to  propose an index  that  allows the  assessment  of the fluvial
habitat  quality in lowland  streams  that run through  urbanized areas,  by  the  use of metrics related  to
the quality of the  watercourse,  the  river  banks, the  riparian  zone  and  the  fluvial  geomorphology.  The
metrics retained  in the  index  (USHI,  Urban  Stream  Habitat  Index)  include the  cover percentage  and
quality of the  aquatic  vegetation;  the  main features of the  river  banks; the  presence of exotic  trees, of
litter,  of permanent  structures  (such as buildings)  in the  riparian  zone  and other  major  geomorphological
alterations,  such  as  dredging or  channelization.  The  index  is  related  to physical-chemical parameters
that are linked  to water quality,  the  imperviousness  of the  watershed  and to other  biotic  descriptors,
particularly  the  macroinvertebrate  and  diatom  assemblages.  The values  of the  index  for  the  sites  in
the studied  area  revealed  that  41.2% have  a bad  or  very  bad  habitat  quality,  27.8% a moderate habitat
quality,  while 31%  have a good or  very good habitat quality.  The main issue  detected  in the  studied  sites
involved  the  dredging or  partial channelization  of the  reaches. Unlike  other  indices  that  evaluate  the
quality  of  the  physical  habitat  through  the  use of the  diatoms  or  macroinvertebrate communities,  the

USHI  can be  interpreted  as  a measure  of the  overall quality of the  habitat, and uses  indicators  that  do not
require  the  identification  of taxa, making  it more accessible  to  non-specialists. Therefore  it provides with
a  tool to evaluate  the  fluvial  habitat  quality  of lowland  streams  that  can  be  easily  applied,  particularly
by  professionals  that take part  in  the  management  and  decision  making  process regarding  urbanized
watersheds.

©  2016 Elsevier  Ltd.  All rights  reserved.
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ntinued growth of the human population and the con-
f natural landscapes to urban uses have resulted in the
ion of ecosystems worldwide. Urbanization can dramat-
pact watershed health through increased runoff from
us surfaces, changes in  sediment delivery, and increased

 and nutrient loads from nonpoint sources (Mayer et al.,
nopoulos et al., 2015; Valipour et al., 2015). These issues

n  the last decades to  an intensification of efforts to develop
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 the subterranean aquifer to which the river is connected
x et al., 2012).
uatic habitat can be  defined as the physical, chemical and

l characteristics that provide an environment for the biota
997). Characterizing the physical structure and assessing

at quality of rivers is  becoming more important in the con-
vironmental planning, appraisal and impact assessment

 al., 2002). The fluvial habitat is affected by the features of
r body and the surrounding topography, and the structure
position of the biological communities are related to  the
nd quantity of available habitats (Aadland, 1993; Callow
, 1994; Bortone, 2005; Borja et al., 2009).
e variety of methodologies have been proposed to char-
he fluvial habitat or some of its components, in response
e environmental goals. These were implemented mainly

ean (LAWA, 2000; Raven et al., 1998; Buffagni et al., 2004;

 and Baattrup-Pedersen, 2003; Bonada et al., 2002; Munné
3; Pardo et al., 2002) North American (Barbour et al., 1999)
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f the sampling sites showing their nearest urban centers, their coordinates

 latitude and Long. = longitude), the% impervious surface (%Imp.) of their sur-
ing areas and the number of times each site was visited (N).

rest city Code Lat. (◦S) Long. (◦W) %  Imp. N

nos
s

ArroAgui 34◦49035.29” 58◦34045.62” 12.20 6
ArroCanu 34◦54053.39” 58◦37053.87” 7.91 5
ArroCanu1 35◦0041.22” 58◦42034.78” 7.91 6
ArroCanu2 34◦55028.34” 58◦36035.21” 7.91 6
ArroCeb 35◦3016.34” 58◦46059.16” 10.14 5
ArroChac 34◦52055.24” 58◦4003.83” 14.24 6
ArroChac1 34◦54017.93” 58◦4602.5” 14.24 5
ArroCild 34◦40047.6” 58◦26025.33” 69.13 8
ArroMora 34◦47047.87” 58◦38010.75” 11.19 6
ArroMora1 34◦50016.4” 58◦5002.65” 11.19 5
ArroRod 34◦59010.5” 58◦5303.48” 8.58 5
ArroSCat 34◦4408.12” 58◦28049.04” 33.52 7
AutoRich 34◦44050.6” 58◦31019.81” 16.83 6
DepuOeste 34◦4300.7” 58◦30028.51” 16.79 7
MatyRuta3 34◦55026.22” 58◦43016.75” 16.79 6
PteAvell 34◦38017.09” 58◦21024.52” 69.13 6
PteColor 34◦43035.8” 58◦28058.15” 16.79 7
PteLaNor 34◦42017.14” 58◦27041.11” 69.13 6
PteUribu 34◦39037.66” 58◦2505.74” 69.13 6
PteVicto 34◦39043.24” 58◦23019.14” 69.13 6
RLP-Taxco 34◦49035.72” 58◦3701.2” 16.79 5

a
B1  34◦50058.99” 58◦10054.98” 86.11 2
B2 34◦5008.02” 58◦10021” 76.55 2
B3 34◦4807.99” 58◦7028.99” 88.22 2
DC1 35◦5409” 58◦1035” 89.33 2
DC2 35◦53035.99” 58◦1023.02” 56.12 2
DC3 35◦52036.98” 58◦1032.02” 22.08 2
Martin1 34◦53015” 58◦4016” 10.12 2
Martin2 34◦52027.98” 58◦4010.99” 26.11 2
Martin3 34◦51034.99” 58◦3050” 18.62 2
G1 34◦58048.94” 58◦308.96” 82.44 1
G2 34◦57053.1” 58◦0017.57” 46.08 1
G3 34◦53021.73” 57◦59034.94” 10.33 1

dil L1  37◦17058.63” 59◦7050.92” ND 1
L2 37◦17051.22” 59◦7050.7” ND 1
L3 37◦17020.8” 59◦7037.27” ND 1
L4 37◦1700.89” 59◦7037.09” ND 1
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nian (Davies et al., 2000; Parsons et al., 2004; Jansen et al.,
erley et al., 2005)  water bodies.
th America some of these indices have been translated
apted for their proper use (e.g. Segnini and Chacón, 2005;
ino et al., 2008; Kutschker et al., 2009; Gualdoni et al.,
lamarín et al., 2014), and some regional indices, although
ce, have been developed to assess the habitat quality of
abitats such as estuaries (Gómez and Cochero, 2013).

, due to the lack of a  standardized methodology to assess
morphological quality that would allow the comparison

al characteristics of rivers among regions or at continen-
e.g. Raven et al., 2010), the application of “allochthonous”
n be impracticable.
mpean streams in Argentina are characterized by their

r velocity, low slope (1m/km), reduced or  no rithron, abun-
 and silt substrates, a riparian vegetation dominated by
s and a diverse and abundant aquatic vegetation (Giorgi
5). Despite previous efforts to implement existing habitat
arbour et al., 1999; Raven et al., 2002) the variables they
re not necessarily applicable for Pampean streams. For

 the habitat index proposed by Barbour et al. (1999) for
ient streams considers ten river channel features, the first
g the sediment characteristics (epifaunal substrate, pool

 characterization, pool variability and sediment deposi-
ile there are no parameters that consider the instream
egetation cover; in  Pampean streams the habitat hetero-

 usually the result of submerged vegetation rather than
 of different type and size of substrata (Giorgi et al., 2005),
lusion of this community to the index is  of great impor-

jective of the present study was to  select and combine
elated to  the fluvial habitat of Pampean streams into an
t allows the assessment of the habitat detriment in low-
nized streams. This index aims to provide with a tool to
the fluvial habitat quality of lowland streams that can be
plied, particularly by those professionals that take part
ement and the decision making process in  urbanized
ds, without the need of specialized sampling of biotic
ities.

ials and methods

y area

t data from 39 sampling sites was collected in  dif-
asons from 2008 to 2015, for a  total of 158 cases
. Sampling sites were located near the cities of Buenos
atanza-Riachuelo”  basin, 2008–2014), La Plata (“El Gato”
14–2015; “Baldovinos-Don Carlos-Martin”  basin, 2008);
il (“Langueyú” basin, 2012) (Fig. 1). In  each of these sites,
chemical, biological and habitat data was  collected simul-

 to  test their correlation to the index.

ical-chemical data

rature, dissolved oxygen, conductivity and pH were mea-
th a  multiparametric sensor (Horiba U-10). Samples for
cal Oxygen Demand (BOD5), Chemical Oxygen Demand
PO4

−3, N NO3
−,  N NO2

− and N NH4
+ were collected

ite  using 500 mL  bottles. For inorganic nutrients, sam-
e filtered through Sartorious GF/C filters in situ before
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 to the laboratory at 4 ◦C.  Inorganic phosphate, nitrite,
oniacal nitrogen were determined colorimetrically by
methods (American Public Health Association, 1981);
as reduced to nitrite before colorimetric measurement

Three
site with
ratory, th
L5 37◦16022.26” 59◦7036.7” ND 1
L6 37◦13053.15” 59◦7034.61” ND 1

th et al., 1978), and dissolved inorganic nitrogen (DIN)
lated as the sum of nitrates, nitrites and ammonium.

hic diatoms and chlorophyll-a

pean streams the principal substrate of the streambed
sed of fine sediments (clays and silts), where the epipelic
evelops. At each site, five subsamples of the surface layer
of sediment were collected by pipetting (area 1  cm2),
nd preserved with 4% (v/v) formalin (Gómez et al., 2009).
were cleaned with H2O2, washed thoroughly with dis-
ter, and mounted on microscope slides with Naphrax®.
o determine the relative abundance of  the diatom species
mple, a total of 400 diatom valves were examined under
us BX 51 microscope at a magnification of ×1000 with
trast and Normarski-DIC optics. For the determination of

yll-a water samples were filtered immediately with Sarto-
C filters and were then transported to  the laboratory in the
◦C. Chlorophyll-a was  determined spectrophotometrically

 (v/v) aqueous acetone after Clesceri et al. (1998).

roinvertebrates
 sediment sample replicates were taken at each sampling
 an Ekman grab covering an area of 100 cm2. In  the labo-
e benthic samples were washed on a  500-mm-mesh sieve



136 J. Cochero et al. / Ecological Indicators 71 (2016) 134–144

-urban

and stain
from the 

2.5. Bioti

For bo
Shannon-
and Pielo
ically for 

Licursi, 2
the best 

ity). For m
Rodrigue
0 (sample
pristine s
IDP and IB
specifical
pampean
et al., 200

2.6. Habi

At eac
lishing a  

to both ri
parcels b
impervio
by the us
300 m lon
each side
and land 

non-gree
A seri

measured
pean urb
groups: I
cal altera
evaluated
parcel, to
geomorph
possibilit

dex

ach m
pons

rics t
x. Th
ical-

Rang

 a  me
hen 

rics t
 of t

Redu

 two
t (p<
owe

Resp

he ab
most
f var
ified
enta
iles i
e ca
r co

5 and
 perc
t im

 per
bles

enta
gory 

es. T
ified
Fig. 1. Location of the sampling sites and the urban and peri

ed with erythrosin B.  The invertebrates were sorted out
particulate sediments under a  stereoscopic microscope.

c indices

th the diatom and the macroinvertebrate communities,
Wiener’s diversity index (Shannon and Weaver, 1949)
u’s evenness index (Pielou, 1969)  were calculated. Specif-
the diatoms, the Pampean Diatom Index (IDP, Gómez and
001) was calculated, which ranges from 0 (samples with
water quality) to 4 (samples with the worst water qual-

acroinvertebrates, the Biotic Pampean Index (IBPAMP,
s Capítulo et al., 2001) was calculated, which ranges from
s with the worst quality) to over 13 for samples from near
treams. The correlation between the habitat index and the
PAMP was tested since they are  regional indices designed

ly for the macroinvertebrate and diatom communities in
 streams (Gómez and Licursi, 2001; Rodrigues Capítulo
1).

tat sampling and candidate metrics

h site the habitat sampling procedure consisted of estab-
100 m-long reach with a  30 m width from the waterline
versides (Fig. 2). The reach length was subdivided in  ten
y the use of visual markers (flags, colored sticks). The
us surface percentage was also calculated for each site
e of a geographic information system (GIS), considering a
g surface starting upstream of the site and a 50m buffer on

, and classifying the land use based on Landsat TM imagery
use maps of the area. Roads, houses, parking lots, and all
n surfaces were considered an “impervious” surface.
es of candidate metrics relating to habitat quality were

 at each reach, considering the characteristics of Pam-
an streams. Candidate metrics were classified into four
nstream, River banks, Riparian zone and Geomorphologi-
tions (Table 2). Metrics within the first three groups were
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 facilitate their assessment in the field. Metrics in the
ological alterations group were evaluated as one of three
ies considering the whole reach without parcels.

as predic
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of indice
that can d
 land uses of their surrounding areas.

 construction

etric was subjected to  a range test, a  redundancy test, and
iveness test (Stoddard et al., 2008,  Whittier et al., 2007).
hat passed these selection criteria were included in  the
e relationship of each candidate metric with independent
chemical and biological variables was also examined.

e test

tric’s range of values is  small, or if most values are identi-
the metric is unlikely to differentiate sites. We  eliminated
hat had very small ranges (< 10%), or when more than one
he cases had values of zero.

ndancy test

 variables had a  significant Pearson’s correlation coeffi-
0.05) they were considered redundant. The variable with
r F  value was then eliminated.

onsiveness test

ility of candidate metrics to distinguish between the least
 impaired sites was  tested by conducting one-way analy-
iance (Whittier et al., 2007). For this purpose, sites were

 a priori by their water quality and the impervious surface
ge into three categories, using the 75th and 25th per-
n  the variables (Gómez et al., 2012; Kane et al., 2009).
ses that had values that fell within the 75th percentile
ncentrations of P P PO4

+3, N NO3
−,  N NO2

−,  N NH4
+,

 COD of the entire data set,  and had an impervious sur-
entage lower than 25th percentile were included in the
paired” category. Sites that had values that fell within the
centile higher concentrations of those physical-chemical
, and had higher than 75th percentile impervious surface
ges were included in the “most impaired” category. A third
was a  dummy  used for the samples in between those

o confirm the samples within each category, they were
 with a  discriminant analysis (DA), using these variables

tors (Sloane and Morgan, 1996).  This analysis has been

 as an acceptable statistical method for the development
s of biotic integrity and can be used to  identify variables
iscriminate between levels of degradation (Barbour et al.,
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Fig. 2. Diagram of the scales used to measure the four metric groups (instream, river banks, riparian zone and geomorphology).

Table 2
Scoring of the candidate metrics that comprise the index, and the results of the selection criteria for each metric. Selection criteria 1 =  range; 2 =  redundancy; 3 =  responsiveness,
where  (+) passed, (−) not passed, (*) p  <  0.05. The “index” column highlights those metrics that are included in the index.

Group Metric States Score Selection criteria Index

1 2 3

Instream Aquatic vegetation cover Absent or >50% parcel cover 0  +  + * YES
Present  and <50% parcel cover 1

Floating macrophytes Absent 0  +  + * YES
Present  1

Floating attached macrophytes Absent 0  +  + * YES
Present  1

Emergent macrophytes Absent 0  +  + * YES
Present  1

Mats of white (anaerobic) filamentous bacteria Absent 1 – NO
Present  0

Permanent flow obstructions Absent 1 – NO
Present  0

Temporary flow  obstructions Absent 1 – NO
Present  0

Metric States Score Selection criteria Index

Left margin Right margin 1 2 3

Banks Bank vegetation Absent 0  0  + + *  YES
Present 1 1

Artificial  elements in the banks (concrete, bricks, ripraps, etc.) Present 0  0  + + *  YES
Absent 1 1

Bank  slope angle >= 45
o

0  0  + + *  YES
<45

o
1 1

Riparian  zone Exotic, non-autochthonous shrubs or trees Present 0  0  + + *  YES
Absent 1 1

Litter or debris (size >3cm) Present 0  0  + + *  YES
Absent 1 1

Permanent structures or buildings (roads, houses, etc.) Present 0  0  + + *  YES
Absent 1 1

Grasslands Present 1 1  – NO
Absent 0  0

States  of the coefficient Score Selection criteria Index

1  2 3

Geomorphological alterations Natural 2  +  + * YES
Dredged, rectified, but not isolated from the hyporheos 1.5
Channelized, isolated from the hyporheos 0.8
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ter the DA was conducted, the cases that were retained in
 impaired” (16 cases) and “most impaired” (10 cases) cat-
ere used to test responsiveness of all the metrics and of

index.

ionship with physical-chemical and biological data

t how the index responded to  the physical-chemical vari-
ted to water and habitat quality, a  Principal Component
(PCA) with varimax rotation was conducted. Only com-

ith eigenvalues > 1.0 were included in the analysis. Prior
ppropriate transformations were performed (log x + 1) to
ate the data to a normal distribution, if necessary. Also,

ionship between the metric groups with the physical-
, biological and watershed variables were analyzed using
’s correlation analysis.

ic selection and scoring

the 16 candidate metrics, only 11 were retained in three
fter the selection criteria were applied (Table 2). The
f each metric was  done considering as ceiling the 95th
e of the distribution of values, and as floor the 5th per-
f the distribution of values, and interpolated linearly to
es between 0 and 10.
tal scores for each metric group ranged from 0 to 4 in the
group, and from 0 to 3 in both the river bank and riparian
ps, with higher values representing a  better habitat qual-

 metrics for the river bank and riparian zone are quantified

ide of the water channel separately, an average value was
ined for the entire reach.
ering that the Geomorphological alterations present in the

h as dredging, rectification or channelization, are inter-
that cause serious issues in  the biota (e.g. Armengol, 1998;

 al., 1998; Lewis et al., 2001; Erftemeijer and Lewis, 2006;
d Gómez, 2009; Cortelezzi et al., 2013), it was decided

 would be expressed as a  coefficient that multiplies the
trics. The Geomorphological Alterations Coefficient (GAC)
ue of 0.8 if the stream channel is  channelized (concrete
d and concrete embankments), a  value of 1.5 if the stream
has been altered, but not  completely isolated from the
s (by dredging, sinuosity reductions, etc.), or a value of 2 if

 channel maintains its natural sinuosity and connectiv-
 hyporheos. The values for this coefficient were selected a
hat the completely channelized sites would have an index
ear zero, considering that in those sites the fluvial habitat

rely degraded.

onal variation

s that include biological communities are usually influ-
 seasonal variation (e.g. Šporka et al., 2006; Chainho et al.,
nda et al., 2009). So that this variability does not influ-
ment as to whether or not a  site is degraded, it can be

h by  adding correction factors (e.g. Hilsenhoff, 1988a,b),
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e USHI, it was  opted to reduce the seasonal variation from
 the index significantly, by reducing the weight of those

ith the highest variation between seasons. For each met-
efficient of variation (standard deviation/mean) between
nd within seasons for each site was calculated. Those met-

 the highest variations between seasons had their values
y an integer, selected so that the coefficient of  variation
lar to their variation within seasons, and lower than 50%
. This was the case for those metrics associated with the
n cover (the instream metrics, bank vegetation and exotic
e weight reduction of those variables associated with the
n development allows the USHI to be calculated at a site
rdless of the season of the year in  which the sampling

ce, the category of the habitat quality for that site remains
.
nvenience when interpreting the final scores, the index
ately divided by 10 to  rescale it between 0 (worst habitat
nd 10 (best habitat quality).

at index calculation

alues obtained for each side of the stream in both the
k metric and the riparian zone groups were averaged, to
n values for each metric for the entire reach. A sample

 is  included in Appendix A.  The metrics in the instream
e bank vegetation metric and the exotic trees metric had
ghts reduced in the index to account for their seasonal
, as explained in Materials and Methods. The index value
lculated as follows:

GROUP3
}| {

+ LIT + PER)) ∗  GAC

SHI =  Urban Stream Habitat Index for the assessed reach
 1: Instream metrics
% of aquatic vegetation cover

 Floating macrophytes
 Floating attached macrophytes
=  Emergent macrophytes

 2: Bank metrics
 Bank vegetation
Artificial elements in  the banks
Bank slope angle

 3: Riparian zone metrics
Exotic, non-autochthonous shrubs or trees
itter or debris
Permanent structures or buildings

 Geomorphological alterations coefficient.

tat index categories

abitat index ranges from 0 (worst habitat quality) to 10
itat quality). We  established five categories of habitat
t indicate the different degrees of environmental impair-

d we  suggest the use of different color codes that can be
abitat quality mapping (Table 3).

ts

abitat index was  able to significantly distinguish those

 most disturbed sites (p  <  0.05).
CA results, where the first two  axes explain 49.5% of  the
ation of the data, show that the index increases with the

 oxygen concentration and the pH, and decreases with
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Table  3
Habitat index categories, their color codes for graphical representation, and the
number of cases from the data set that corresponded to each category.

Habitat index value Status Color code # of cases

<2 Very bad habitat quality Red 23
≥2–4 Bad habitat quality Orange 42
≥  4–6 Moderate habitat quality Yellow 44
≥  6–8 Good habitat quality Green 24
≥  8–10 Very good habitat quality Blue 25

Fig. 3. Plot of the first two components as a  result of the PCA analysis, with their
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and  the ma
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Table 4
Correlation coefficients of the USHI with the physical-chemical and biological vari-
ables, and with each of the metrics that are included the index (* p  <  0.05).

Physical-chemical variables N USHI

Temperature (◦C) 146 0.001
pH 146 0.130
Conductivity (mS.cm−1)  146 −0.094
Dissolved Oxygen (mg.L−1) 140 0.474*

P-PO4
−3 (mg.L−1) 152 −0.022

N  NO-3 (mg.L−1) 143 0.050
N NO-2 (mg.L−1) 149 −0.100
N  NH+4 (mg.L−1) 152 −0.026
DIN (mg L−1)  147 −0.162*

BOD5 (mg L−1)  106 0.013
COD (mg  L−1) 100 0.046*

% impervious surface 128 −0.610*

Biological variables
IDP index 125 −0.356*

# of diatom species 125 0.208*

Diatom diversity (bits ind−1) 125 0.267*

Diatom equitability 125 0.240*

Chlorophyll-a (mg L−1)  128 0.263*

IBPAMP index 145 0.336*

Macroinvertebrate diversity (bits ind−1) 145 0.507*

Macroinvertebrate equitability 145 0.304*

USHI Metrics
Bank vegetation 158 0.757*

Artificial elements in the banks 158 0.553*

Bank slope angle 158 0.647*

Exotic trees or shrubs 158 0.580*

Litter 158 0.676*

Permanent structures 158 0.450*

Aquatic vegetation cover 158 0.471*

Floating macrophytes 158 0.389*
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 status, adjacent land uses and bars. The USHI includes most
ing percentage of explained variation. The  variables include the USHI
in water quality variables examined.
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 It negatively correlates with the percentage of impervious
nd with the IDP index.
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.05) with the dissolved oxygen concentration (r = 0.429),

MP index (r = 0.352), and the diversity (r  =  0.444,), and
ity of macroinvertebrates (r = 0.201). Negative correlations

 found between this group and the IDP index and the
e of impervious surface (r = −0.656).
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 the IDP index (r = −0.223), the conductivity (r = −0.190)
ercentage of impervious surface (r =  −0.382).
parian zone metric group was positively correlated to
es richness of diatoms (r =  0.206) and the IBPAMP index
), while being negatively correlated to the conductivity
9), the concentrations of P PO4

−3 (r =  −0.192), N NH4
+

9), N NO2
− (r = −0.208) and BOD5 (r  =  −0.212).

ean index values for each site in  the studied area show
 of the sites have a bad or very bad habitat quality, 27.8%
te habitat quality, while 31% have a  good or very good
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sults also show that considering the instream metrics sep-
4% of the cases analyzed have a  very bad quality, while
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such as th
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ttached macrophytes 158 0.235*

 macrophytes 158 0.383*

 no cases with a very good quality. The riparian zone met-
ured show that 38% of the cases have a  very good riparian
lity while 18% have a  very bad quality; and as for the
trics, most cases have a  very good quality, and only 10%
ry bad quality. Most sites were dredged or partially chan-
AC = 1.5), and only one site was  completely channelized

8).
ding to  the results, over 70% of the sites presented prob-
ciated with the cover of macrophytes and the presence of
ent forms (instream metric group). The cases that exhib-

 or very bad quality in the banks and riparian zone metric
ched 12% and 29% respectively.

ssion

etric selection process to build the USHI index retained
dicators to assess the fluvial habitat in  lowland streams
to urban impacts. These metrics relate to the macro-
ver and its functional forms, the bank deterioration
riparian zone quality, which are relevant for the river

 and particularly for the flora and fauna that  inhabit

view of over 50 river habitat characterization methods the
nd riparian zone features were found to be more exten-

vered than floodplain characteristics (Fernández et al.,
rticularly, the most commonly recorded features are  bank
channel substrate, the presence of  artificial structures,

vegetation structure, channel dimensions, flow types or
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ffects of the loss of connectivity of  the stream to  the
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tion programs.
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 are not relevant for these watersheds, particularly due to
ences in  riparian vegetation.
sults show that the main causes of the habitat quality
t in the cases analyzed are mainly related to the bad qual-

 instream metrics, followed by the riparian zone and the
nks. Most cases have a very bad quality when the instream
re considered, showing that the aquatic vegetation in  the
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s of habitat degradation in urban streams worldwide:
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Appendix A. Sample field form for the calculation of the USHI

Sample field form for the calculation of the USHI

SITE
DATE/TIME
PARCEL 1 2 3 4 5 6 7 8 9 10
RIVER  SIDE R L R L R L R L R L R L R  L R  L  R  L R  L  Calculate scores

BANKS  Bank vegetation Yes = 1
No = 0

Sum all  values in this row, divide value by 2 BVG=

Artificial  elements in the banks Yes = 1
No = 0

Sum all  values in this row, divide value by 2 BSE=

Bank  slope angle <45◦ =  1
>45◦ =  0

Sum all  values in this row, divide value by 2 BSA=

RIPARIAN  ZONE Exotic trees or shrubs Yes = 1
No = 0

Sum all  values in this row, divide value by 2 EXT=

Litter  Yes = 1
No = 0

Sum all  values in this row, divide value by 2 LIT=

Permanent structures or roads Yes = 1
No = 0

Sum all  values in this row, divide value by 2 PER=

INSTREAM Aquatic vegetation cover 1–50% =  1 Absent =  0
or >  50%

Sum all  values in this row AVC=

Floating  attached macrophytes Yes = 1
No = 0

Sum all  values in this row FUM=

Floating  macrophytes Yes = 1
No = 0

Sum all  values in this row FAM=

Emergent  macrophytes Yes = 1
No = 0

Sum all  values in this row EMM=

GAC  Dredging/channelization Channelized =  0.8
Dredged =  1.5
Natural =  2

GAC=

USHI =
((

GROUP1
z }| {

AVC + FUM + FAM +  EMM

8
)  +

GROUP2
z  }| {

(
BVG

4
+  BSE + BSA) +

GROUP3
z }| {

(
EXT

4
+ LIT  + PER)) ∗ GAC

10
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