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Abstract

The Pesqueria River (north-eastern Mexico) has long been subjected to considerable
anthropogenic pressures. For this reason, it has been identified by the Mexican
National Commission for the Knowledge and Usage of Biodiversity as a priority
resource to be evaluated and restored. In order to establish the means required for
the restoration of the river, the condition of its riparian ecosystem must be evaluated.
To evaluate the quality of the riparian forest, we adapted the Qualitat del Bosc de
Ribera index methodology for Mediterranean rivers for the semiarid rivers of
north-eastern Mexico (QBR-RNMX). The QBR-RNMX index included modifications
to the four sections that comprise the original index, and their values range between
0 and 100. Using the five levels of riparian quality defined in the index, in the area
surrounding the Pesqueria River, we found poor or very poor conditions at 66% of
the sampling sites, average-good conditions at 27% of the sites, and only one
sampling site with excellent conditions. These results show that the riparian forest
has been impacted significantly by urbanization, agriculture, and the presence of many
invasive species. We recommend the application of the QBR-RNMX annually in order
to evaluate the riparian forest's quality and to assess its ecological status. This may be
used for the establishment of restoration plans in high-impact zones and contingency
plans to eliminate invasive species along the Pesqueria River.
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for assessing riparian areas. Therefore, the characterization of the
reference conditions is a key process in the successful evaluation of

An increased interest in the ecological condition of rivers has been
observed around the world, because rivers are ecosystems that are
subject to anthropogenic pressures and have significant consequences
for freshwater ecosystems (Allan, 2004; Master et al., 1998; Naiman &
Turner, 2000). Anthropogenic impacts upon freshwater ecosystems
alter their physical and biological characteristics, thus modifying their
natural condition (Nilsson, Jansson, Malmgvist, & Naiman, 2007). The
European Union Water Framework Directive (D.O.C.E., 2000) con-
siders the ecological condition of freshwater bodies as a measure of
ecosystem health. The river health can be evaluated using a series of
biological, physicochemical, and hydromorphological indicators

(Mendoza Carifio et al., 2014), including some specific methodologies

the ecological state of a river (Feio et al., 2014).

The riparian zone is one of the areas most disturbed by anthropo-
genic activities, and objectives for restoration plans should be clearly
stated. The riparian zone is defined as the area of transition between
the river channel and the adjacent land-based ecosystem and includes
both the flowing channel and the surrounding land that is influenced
by fluctuations in water level (Malanson, 1993). The heterogeneity
and complexity of riparian ecosystems make studying, evaluating,
and restoring them difficult and mean that managing them sustainably
is a complex endeavour (Chovanec et al., 2000; Reed & Carpenter,
2002). Because they represent an interface between the land and

the water, one of their functions is to regulate the river water quality
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by acting as a filter, preventing soil erosion, regulating temperature
and light levels, and decreasing the number of contaminants that enter
the stream. Riverside vegetation is an important indicator in the
evaluation of the ecological status of rivers used in land planning
and ecosystem management (Suérez et al., 2002).

The most important pressure factors associated with a global
reduction in biodiversity and the degradation of the riparian zones
are deeply linked to loss of habitat due to anthropogenic impacts,
combined with the invasion of non-native flora and fauna (Millennium
Ecosystem Assessment, 2005; Ruzycki, Beauchamp, & Yule, 2003).
These pressures deeply affect the natural environmental heterogene-
ity of riverbank environments, causing considerable damage to both
the levels of biodiversity and to ecological processes (Strayer et al.,
2003; Townsend, Doledec, Norris, Peacock, & Arbuckle, 2003; Ward,
1998). This often has grave consequences for human health and for
the local economy (Vitousek, D Antonio, Loope, & Westbrooks, 1996).

Various procedures for evaluating and measuring the quality of
riparian vegetation have been developed (Boon, Wilkinson, & Martin,
1998; Raven, Holmes, Dawson, & Everard, 1998). The Qualitat del
Bosc de Ribera (QBR) index was developed to assess the riparian
forest quality of Mediterranean rivers in Spain (Munné, Prat, Sola,
Bonada, & Rieradevall, 2003; Munné, Sola, & Prat, 1998; Munné, Sola,
Prat, & Rieradevall, 1998). Numerous authors have adapted this
methodology to different geographical regions because of its
simplicity and efficiency (Acosta, Rios, Rieradevall, & Prat, 2009;
Carrasco et al., 2014; Colwell & Hix, 2008; Kutschker, Brand, &
Miserendino, 2009; Sirombra & Mesa, 2012).

The QBR index considers key aspects of riparian vegetation, such
as coverage and structure, and aspects of the morphology of the
riparian zone, such as anthropogenic intervention in the landscape. It
is worth noting that in the investigation carried out by Suarez and
Vidal-Abarca (2000), they conclude that the index must be adapted
in order to consider the local environment, placing considerable
emphasis on ephemeral rivers.

In Mexico, the QBR index has been applied to the El Tunal and
Sauceda Rivers in the state of Durango, and the results showed the
current pressures on the riparian forest ecosystem. The ease of
application, the low costs incurred, and the reliability of the informa-
tion generated were noted as important factors in the decision to
use this methodology (Rodriguez-Téllez, Dominguez-Calleros,
Pompa-Garcia, Quiroz-Arratia, & Pérez Lopez, 2012; Rodriguez-Téllez
et al., 2016). Previous work suggests that with the appropriate
changes, the QBR index allows for the in situ evaluation of the
conservation value of riverbank vegetation, including the assessment
of anthropogenic impacts on any riparian ecosystem (Fernandez,
Rau, & Arriagada, 2009).

Given the lack of information and considerable pressures that
Mexican rivers are subject to, the National Commission for the
Understanding and Usage of Biodiversity implemented the Priority
Hydrological Regions programme in 1998 (Aguilar et al, 2009).
Currently, the programme considers the Pesqueria River (Nuevo Léon,
México) as a priority case for ecological evaluation. The aim of this
investigation is to fully understand the current quality of the Pesqueria
River's riparian forest by typifying it and applying the QBR index,

which has been adapted for specific local conditions.

2 | MATERIALS AND METHODS

2.1 | Study area and river characterization

The Pesqueria River (within Hydrological Region 24, Bravo-Conchos)
has a catchment area of 5,255.56 km?, and its main course is
288.22 km in length (Figure 1). The river drains its waters from west
to east with an annual average flow of 2.04 m®/s through the states
of Coahuila and Nuevo Léon. The climate where the subbasin is
located is extremely variable but is predominately semiarid and has a
mean elevation of 542 m above sea level with an average gradient
of 0.4%. The average temperature in the subbasin is between 20°C
and 24°C with a total annual rainfall of between 400 and 700 mm
(Ferrifio, 2016).

Prior to the study, land use in the basin was characterized using
digital maps from the digital map database of the National Institute
of Statistics and Geography of Mexico (2015). We established the
area of the riparian zone as stipulated in section XLVII of the third
article of the “Mexican National Water Law 1992" (LAN., 1992).
The distance between sampling sites was chosen so that it did not
exceed 10 km (Acosta et al., 2009), given that at larger distances
the factors being evaluated may lose continuity and parts of the veg-
etation may remain unanalysed (Rodriguez-Téllez et al., 2012). The
river characterization was conducted in February 2016. It consisted
of an inventory of the composition and structure of the vegetation
as well as an in situ physicochemical analysis of the water in order
to determine the nature of the water present in the study area and
the possible anthropogenic effects on the river. This study was con-
ducted over 108 km of the hydrological subbasin of the Pesqueria
River where 15 sampling sites were selected (Figure 2) using digital
maps from the National Institute of Statistics and Geography of
Mexico (2015), which were obtained from the geographic informa-
tion system GAIA.

A transect of a maximum of 150 m was estimated for each sam-
pling site, taking into consideration the riparian zone and the width
of the channel. For each sampling site, the QBR-RNMX was applied
using the field sheet (Appendix A), containing the adapted version of
the index. Aerial photographs obtained via drone were used to evalu-
ate the level of riparian coverage (vegetation coverage and connectiv-
ity between the adjacent forest ecosystem and the riparian forest), the
structure of the coverage (tree coverage and concentration of
halophytes), and any modifications to the waterway. Images were
taken at two heights in order to show waters above and below the
source and to create an orthomosaic map with various images of the
stretch studied (Figure 3).

In order to evaluate the third category, the most abundant species
of vegetation and the geomorphological type corresponding to each
sampling site were determined in situ. For this study, halophytes and
shrubs that grow between the riparian zone and the channel were
recorded. They increase the value of the index as they offer a habitat
for many species.

Statistical analyses were conducted using the open-source soft-
ware R (R Core Team, 2016) with R Studio 1.0.153 Data (Racine,
2011). The Pearson correlation was used to analyse the relationship
between the QBR-RNMX and the physicochemical parameters.
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FIGURE 1 Study area: Pesqueria River subbasin (located between coordinates 25°48'15.67"”N, 100°39'15.80"W and 25°39'21.94"N, 99°41'

11.87"W) [Colour figure can be viewed at wileyonlinelibrary.com]

2.2 | QBR-RNMX index

When riverbank forests are evaluated using the QBR index proposed
by Munné and colleagues (Munné et al., 2003; Munné, Sola, & Prat,
1998), there should be a focus on the essential aspects of riverbank
vegetation according to four different categories (Jaimez-Cuéllar
et al, 2002). The adaptation of the QBR index for use along the
Pesqueria River, for which we propose the name QBR-RNMX (QBR
Rios del Norte de México [northern rivers of Mexico]), included the
modification of several categories based on previous adaptations of
the QBR to other rivers (Acosta et al., 2009; Munné et al., 2003;
Munné, Sola, & Pagés, 2006).

For the first category, the percentages for evaluating riverbank
vegetation coverage were modified (Table 1). This does not affect
the evaluation, because the aridity gradient in this climate reduces
the natural density of the arboreal layer and prevents species
from colonizing (Tabacchi, Planty-Tabacchi, Salinas, & Décamps,
1996). Furthermore, the salinity of the systems found here usually
limits the survival of many potential species (Sudrez & Vidal-Abarca,
2000).

For the second section of the criteria, the expression regarding
“tree coverage less than 50% and other shrub coverage between 10
and 25%” was adapted as follows: “tree coverage less than 25% and

other shrub coverage between 10 and 25%,” considering the
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FIGURE 3 Drone aerial pictures. (a) Reference condition zone (Sampling Site 1). (b) Industrial and urban zone (Sampling Site 4). (c) Agricultural
impacted zone (Sampling Site 12). Nonimpacted agricultural zone (Sampling Site 15) [Colour figure can be viewed at wileyonlinelibrary.com]

vegetation characteristics of the river and grading them in the same the possible definitions for the geomorphological type of the riparian
manner (Vidal-Abarca, Gémez, & Suarez, 2004). zone were reduced from three to two, offering only the following

The section that required the most modifications was section typologies: headwaters and middle stretches. As a tributary of the
three, which was adapted to consider the geomorphology and number San Juan River, the Pesqueria River does not fit the characteristics
of autochthonous and allochthonous species present. In this section, of the third type, which as defined by Munné et al. (2003) represents
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TABLE 1 Differences in the evaluation criteria between Qualitat del
Bosc de Ribera (QBR) index and QBR index for ephemeral rivers to
assess the total riparian cover

QBR index QBR index ephemeral rivers
Score (Munné et al., 2003) (Munné et al., 2006)
25 >80% of riparian cover >50% of riparian cover
10 50-80% of riparian cover 30-50% de of riparian cover

10-50% of riparian cover 10-30% of riparian cover

<10% of riparian cover <10% of riparian cover

the final stretch of a river. The number of autochthonous and
allochthonous species was evaluated during the characterization in
order to set boundaries between quality classes in this category.
Within this section, an extra option was removed, which reads as fol-
lows: “if there exists any continuity in the community throughout the
river (between 75% and 50% of the riparian zone).” This was because
during the investigation, no area was found to demonstrate this char-
acteristic, and further, it is considered to be within the extra positive
aspects gradable for each section. Finally, for the fourth section, one
of the “extra” negative values was imported from the third section,
which evaluates the presence of waste in the stretch of river studied;
an extra negative marking point was added for the presence of perma-

nent waste in the river that is difficult to remove (Acosta et al., 2009).

3 | RESULTS

3.1 | River characterization

The characterization of the Pesqueria River showed morphological
characteristics consistent with loamy basins and an elevated concen-
tration of salt in the water, as well as vegetation and fauna typical of
semiarid zones. The distribution of the land use and vegetation

obtained for the subbasin was scrubland (61%), mesquite-huizachal

TABLE 2 Physicochemical parameters in the Pesqueria River

Sampling sites pH Conductivity (uS/cm)  Salinity (ppt)  TSS (ppt)
SS1 6.21 1,907 0.92 1
SS 2 6.97 1,683 0.81 4
SS3 7.02 1,707 0.92 2
SS 4 7.38 1,663 0.91 123
SS5 8.5 10,170 3.85 259
SS 6 6.16 4,100 3.57 19
SS7 6.59 3,720 2.54 12
SS 8 7.09 3,810 241 13
SS9 6.45 2,269 2.36

SS 10 6.77 2,122 1.06

SS 11 6.2 2,160 1.09 5
SS 12 6.7 1,897 0.86 20
SS 13 6.13 2,123 1.01 94
SS 14 6.96 2,283 1.08 41
SS 15 7.08 2,637 1.13 46

(16%), woodland (2.3%), thicket (0.65%), agricultural, livestock and for-
estry use (18.7%), major towns (1.34%), and areas without vegetation
(0.04%).

3.1.1 | Riparian zone vegetation

A total of 14 species of riparian trees and shrubs were recorded for all
transects, covering every sampling site. Six of the species were pres-
ent at the majority of the sites, whereas two of the 14 were recorded
at a single site. The vegetation inventory revealed seven native
species. Four are considered representative of the region whereas
three are widely distributed across Mexico. The rest were identified
as invasive species (Appendix B). Some of the common species are
not specific to the riparian area and are widely distributed in the basin,
whereas the species associated exclusively with the riparian areas

(e.g., Salix nigra) were not the most abundant in many cases.

3.1.2 | River water characteristics and the
QBR-RNMX

The physicochemical characterization is an indicator of the potential
anthropogenic pressures. It also shows the high natural salt content
of the river water (see the total of dissolved solids and the conductiv-
ity at Site 1, which is close to reference conditions). The physiochem-
ical parameters used in the characterization are presented in Table 2.
The physicochemical results show a close relationship with those
obtained using the QBR-RNMX index. The results of the Pearson
correlation are presented in Table 3; this table indicates the correlation
between each evaluation category of the QBR-RNMX with the
physicochemical parameters obtained during the characterization of
the Pesqueria River. The results indicate that Categories 1, 2, and 4
display a negative correlation with most physicochemical parameters.
Only Category Il (largely influenced by the presence of invasive

species) displayed no significant correlations.

TDS (ppm) CI” (mg/L) SO% (mg/L) DO (mg/L) BOD (mg/L)
894.33 547.30 500.00 8.90 8.40
792.33 323.27 386.00 8.84 13.30
886.67 180.83 450.00 8.60 9.25
880.33 430.88 775.00 8.70 45.64

3,473.00 779.57 838.33 5.92 19.00

3,230.00 1,251.53 220.00 7.13 9.50

2,337.00 809.71 1,527.00 7.19 9.90

2,200.00 583.70 1,800.00 7.82 13.30

3,220.00 564.69 200.00 6.67 15.50

1,000.00 226.49 250.00 5.61 9.10

1,000.00 221.83 600.00 6.81 17.30
828.67 253.55 558.00 6.20 15.60
966.00 177.36 320.00 6.78 22.50

1,010.00 314.90 380.00 6.28 19.50

1,120.00 657.30 1,074.00 5.58 18.70

Note. BOD: biochemical oxygen demand; CI™: chlorides; DO: dissolved oxygen; 50'24: sulfates; TDS: total dissolved solids; TSS: total suspended solids.
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TABLE 3 Pearson correlation coefficients and significance between QBR-RNMX categories and physicochemical parameters in the Pesqueria

River
QBR-RNMX pH Conductivity Salinity TSS
Block 1 -0.28 -0.67** -0.69** -0.31
Block 2 -0.33 -0.54* -0.57* -0.5
Block 3 -0.14 -0.1 -0.12 -0.21
Block 4 -0.2 -0.47 -0.51* -0.31

TDS SO™%, Na* cr DO BOD

-0.69** -0.11 -0.70** -0.48 -0.02 -0.07
-0.60* 0.05 -0.59* -0.56* 0.28 -0.27
-0.15 0.39 -0.14 -0.05 0.23 -0.14
-0.55* 0.18 -0.54* -0.49 0.09 -0.21

Note. Significant correlations are in bold. BOD: biochemical oxygen demand; DO: dissolved oxygen; TDS: total dissolved solids; TSS: total suspended solids.

*p < 0.05. **p < 0.01. ***p < 0.001.

3.2 | Assessing riparian vegetation quality using the
QBR-RNMX

A total of 15 sampling sites were evaluated where the average value
of the QBR-RNMX index for the Pesqueria River was 59, which
indicates the presence of major disturbances throughout the basin.
Only 6% of the sites sampled were of excellent quality and without
disturbances (Sampling Site 1, QBR-RNMX = 100), whereas 27% were

40 - -6
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% of QBR-RNMX rating scores
8
w
Total of Sampling Sites

0 5-25 30-50 55-70 75-90 95-100

" % QBR-RNMX rank of scores
A =P

FIGURE 4 Percentage and number of sampling sites over the total
number sampled in each quality class according to the QBR-RNMX
index [Colour figure can be viewed at wileyonlinelibrary.com]

of good quality but showed some disturbances (Sampling Sites 2, 13,
14, and 15, QBR-RNMX = 90, 85, 80, and 85, respectively); 34% were
of intermediate quality with significant disturbances (Sampling Sites 3,
7,8, 11, and 12, QBR-RNMX = 65, 65, 70, 65, and 70, respectively).
Of the stations, 13% showed significant disturbances and were of
poor quality (Sampling Sites 9 and 10, QBR-RNMX = 30 and 40,
respectively). Finally, 20% (Sampling Sites 4, 5, and 6, QBR-RNMX = 15,
15, and 5, respectively) of the sites evaluated showed evidence of
extreme disturbances and had very-poor-quality riparian vegetation
(Figures 4 and 5).

4 | DISCUSSION

4.1 | Quality of riparian vegetation along the
Pesqueria River as measured using the QBR-RNMX

The use of the QBR methodology to establish the environmental
health of the riparian areas of the Pesqueria has been demonstrated
to be useful. Different levels of degradation have been detected.
Previous adaptations of the QBR index explain that scores >95 could
be considered as reference condition sites (Kazoglou, Fotiadis,
Koutseri, & Vrahnakis, 2010). The only site in our study with these
conditions is located at the Pesqueria River's headwaters. Neverthe-
less, the increase of human activities is related to the lower index
scores (Vannote, Minshall, Cummins, Sedell, & Cushing, 1980). More

than 80 km of the main reach of the Pesqueria River crosses the city

>95  Riparian habitat in natural conditions.

QBR-RNMX

100 -

80

w’ u
2
Q
o
(7]

40 4
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0!

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Sampling Sites

70-95 Some disturbance, good quality.

55-70 Major disturbance presence, average quality.

30-50 Strong alteration, bad quality.

<25 Extreme degradation, very bad quality.

W1 Total riparian cover

[ 2 structure of riparian coverage
3 Quality of cover

I 4 River channel naturalness

FIGURE 5 The final score obtained for each sampling site and the value for each of the four categories in which the index is divided. The limits
between quality classes are shown in the figure [Colour figure can be viewed at wileyonlinelibrary.com]
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of Monterrey (Mexico), and the city's edifices and the urban area are
located close to the river. Another factor that negatively impacted
the QBR-RNMX values is the use of the river as a disposal site for
waste by local people.

The agricultural practices on the city's outskirts produce lower
pressures on the riparian ecosystem than the urban areas, and the
majority of sites sampled in this area gave values of moderate quality.
The agricultural areas did show reduced quality values mostly in Block
1; this is due to the reduced level of connectivity between the riparian
zone and the naturally occurring adjacent vegetation (Rodriguez-Téllez
et al., 2016). In our study, the majority of the sampling sites in the agri-
cultural area had farmland only in one bank of the river, whereas the
other side usually still had vegetation. In each case, the agricultural
area was normally found to be at some distance from the river itself,
far enough to produce any relevant impact upon the QBR-RNMX
scores. Therefore, the major reductions in the final scores in the index
are due to both the lack of vegetation coverage and the connectivity
to other ecosystems.

Transverse structures such as roads and bridges also contribute to
the modification of the natural river channel and to soil erosion. They
also act as routes of invasion for exotic species and as barriers that
alter the dispersion patterns of native species (Smith & Armesto,
2002). In this study, we have tried to ensure that the role of such
structures was minimal. Because they were used to access most
sampling sites, the stretch evaluated was usually located 50 m either
side of these structures, although the presence of several invasive
species cannot be discounted. As invasive species are one of the most
important problems in Mexican riparian forests, we chose to examine
this aspect in detail.

4.2 | Role of invasive species

In recent decades, human activities have played an important role in
transforming landscapes by reducing and changing the natural
vegetation cover (Décamps, Fortuné, Gazelle, & Pautou, 1988). The
replacement and eradication of native riparian communities by non-
native ones lead to the simplification of the structural heterogeneity
(Rodriguez & Herrera, 1993). Alien species reduce the diversity and
abundance of native species, changing the structure and function
of ecosystems (Lowe, Browne, Boudjelas, & Poorter, 2000). Nearly
50% of the tree and shrub taxa found were invasive (six of 14),
and this is one of the more important features that prevent the
riparian area from having very good or good conditions. The most
predominant invasive species found throughout the investigation
were Arundo donax (giant cane), Ricinus communis (castor bean), and
Tamarix aphylla (salt cedar).

In Mexico, giant cane has proven to be one of the most difficult
plants to eradicate. This species represents a substantial threat to
ecosystems because it can drain rivers and streams (Boose & Holt,
1999). It may transform habitats by displacing native species, thus
diminishing the levels of diversity and modifying the structure and
composition of species and increasing the risk of bushfires
(Contreras-Arquieta, 2012). The castor bean is often present in zones

where there has been a previous anthropogenic or natural disturbance

such as at the edge of roads, human settlements, and degraded ripar-
ian zones (Scarpa & Guerci, 1982). The salt cedar invades natural veg-
etation and is also capable of making soil more saline as it
concentrates salt in its roots (Whaley et al., 2010). Its abundance near
the Pesqueria is in part due to the naturally high salt content of the
basin. These three invasive species have historically caused most dam-
age to Mexican water resources. This is due to the large quantities of
water that they consume, which, in turn, increases the salinity of the
water by concentration and increases hydrological stress in semiarid
regions (LM.T.A., 2007).

Interestingly, the presence of invasive species does not correlate
with the QBR index. This is because at some sites where the QBR
score is low (Sites 3, 4, 5, and 7), there are few invasive species,
whereas some sites with higher QBR scores host numerous invasive
species. Again, the poor vegetation cover appears to be the most
important reason for a low QBR-RNMX score, and not the displace-
ment of native species by invaders.

4.3 | Importance of substrate composition and river
water salinity in the QBR values

The characteristics of the banks of Pesqueria River are typical of a
loamy basin. The granulometric composition of the riverbed ranged
from pebbles found at its edges to sand and clay found in the centre
of the river channel, but in the banks, the loamy natural substrate pre-
dominates, which is rich in gypsum (calcium sulphate) and halite
(sodium chloride). The composition of the sediments and the level of
salinity are two of the main factors influencing the riparian vegetation
and the river aquatic ecosystems (Moreno, Suarez, & Vidal-Abarca,
1996; Suérez & Vidal-Abarca, 2000; Vidal-Abarca et al., 2004). More-
over, it explains why the number of species of trees and shrubs is so
low (only eight natural and six invaders; see Appendix B) compared
with other basins where the vegetation might include more typical
riparian trees such as alders. In fact, of the eight native riparian plants,
many of them are trees (such as mesquite) that are present across the
entire basin. Trees are abundant because of their adaptation to the
aridity of the climate and the high salt content of the soil. Showing a
significant negative relationship, the Pearson correlation between
Evaluation Categories 1, 2, and 4 and the physicochemical parameters
(conductivity, salinity, total dissolved solids, CI~, and Na®*) reinforces
the importance of salt in the composition and structure of the riparian
vegetation. Even though the Pesqueria River has naturally high levels
of salinity, the increase in salinity levels in areas of the river located
close to the city demonstrates the anthropogenic impact of urbaniza-
tion. This is mainly due to the discharge of clandestine waste from
industry and from water treatment plants.

It is interesting to note that salinity increases at Site 4 not only
due to the influx of salt from industrial waste but also due to the
low river level (in the dry period) caused in part by the withdrawal of
water from the river to supply Monterrey. As can be seen in Table 1,
the salt value declines form Site 10 downstream due to the inputs
from sewage plants that have lower concentrations of salt than sites
upstream. The high conductivity of the water explains the relatively

poor biodiversity of the riparian plants on the banks. Simultaneously,
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it provides an example of the utility of the QBR as a quality index that
can describe the degradation of riparian areas even in these

unfavourable conditions for plants.

4.4 | Use of drones as an ecological tool

Drones have great potential for monitoring ecosystem dynamics as
they provide a low-cost and low-impact solution for environmental
managers working in a variety of settings (Ilvosevic, Han, Cho, & Kwon,
2015; Zhang et al., 2016). The use of a drone in this investigation
proved to be extremely practical for the evaluation of anthropogenic
impacts on the riparian zone and allowed us to clearly establish the
composition, connectivity, distribution, and amount (%) of vegetation
coverage in both the agricultural and urban areas. It is worth adding that
the use of the drone was key in determining the geomorphological type
of the Pesqueria River, which is necessary in the evaluation of the third
category of the QBR-RNMX (quality of the cover; Appendix A).

5 | CONCLUSIONS AND CHALLENGES

This is the first study to adapt the QBR index for the evaluation of
riparian vegetation quality in north-eastern Mexico and the first
attempt to evaluate the riparian vegetation of the Pesqueria River.
The assessment of riparian forest quality using the QBR-RNMX
alongside other biological indicators and physicochemical parameters
provides an overall picture of the general health of the Pesqueria
River. We recommend the application of the QBR-RNMX index for
the management and development of ecological policies in Mexico.

As anthropogenic pressures and invasive species have the biggest
impact on the Pesqueria River's riparian vegetation, we encourage an
annual quality measurement using the QBR-RNMX index. A vegeta-
tion inventory must also be completed during the restoration process,
and a plan to eradicate invasive species needs to be put in place.
Conservation plans that allow for the preservation and reestablish-
ment of the riparian forests must be drawn up urgently. We also
suggest that the river management strategy be multidisciplinary so
that managers from different fields can collaborate in the restoration
of the river and its habitats. Further, this work is a clear example of
the use of the QBR-RNMX index as a cost-benefit tool to determine
the quality of a riparian forest. The index could be straightforwardly
applied elsewhere in Mexico and in other countries with similar
morphological, ecological, and hydrological characteristics.

We have demonstrated that the main anthropogenic impacts are
related to the sparse vegetation cover in the riparian area. When consid-
erable vegetation cover is present, invasive species are dominant. The
rehabilitation measures should therefore prevent further degradation
of the riparian forests and enhance restoration efforts. The challenge
that remains is how to use this information to preserve and/or restore
the banks of the Pesqueria River. Yet these measures will not be
effective if the local population is not well informed about how the ripar-
ian forest supports the ecosystem, and consequently, their lives. The
government should therefore provide social and economic programmes
that engage local people in restoration activities. This will prevent

further degradation and ensure that the rehabilitation measures are

sustainable. Finally, we also encourage the use of drones for conducting

more accurate surveys of the characteristics of riparian areas.

ACKNOWLEDGMENTS

We would like to thank our colleagues from the Universidad
Auténoma de Nuevo Ledn who greatly assisted with this research,
especially the Environmental Engineering Laboratory, the Geohydrol-
ogy and Geophysics Laboratory, and the International Centre for
Water Research. Finally, we would like to thank Laura Maricela
Martinez Zepeda for her assistance with the vegetation inventory,
Cayetano Gutierrez for his assistance with the statistics, and Elizabeth

Chant for her assistance with the revision of the language.

ORCID

Daniel Castro-Lépez (& https://orcid.org/0000-0002-0585-1328

Victor Guerra-Cobidn (2 http://orcid.org/0000-0001-6193-100X

Narcis Prat (© http://orcid.org/0000-0002-1550-1305

REFERENCES

Acosta, R, Rios, B., Rieradevall, M., & Prat, N. (2009). Propuesta de un
protocolo de evaluacién de la calidad ecoldgica de rios andinos (CERA) y
su aplicacién a dos cuencas en Ecuador y Peru. Limnética, 28(1), 035-064.

Aguilar, V., Espinoza, J. M., Galindo, C., Herrmann, H., Eduardo Santana, C,,
Montero, S. G., ... Rosenzweig, L. (2009). The region prioritarias y
planeacién para la conservacion de la biodiversidad, en Capital natural
de México, vol. lI: Estado de conservacion y tendencias de cambio.
CONABIO, México City, México, pp. 433-457.

Allan, J. D. (2004). Landscapes and riverscapes: The influence of land
use on stream ecosystems. Annual Review of Ecology, Evolution,
and Systematics, 35(1), 257-284. https://doi.org/10.1146/annurev.
ecolsys.35.120202.110122

Boon, P. j, Wilkinson, J., & Martin, J. (1998). The application of
SERCON (System for Evaluating Rivers for Conservation) to a selec-
tion of rivers in Britain. Aquatic Conservation: Marine and Freshwater
Ecosystems, 8(4), 597-616. https://doi.org/10.1002/(SICI)1099-
0755(199807/08)8:4<597::AID-AQC277>3.0.CO;2-N

Boose, A. B., & Holt, J. S. (1999). Environmental effects on asexual repro-
duction in Arundo donax. Weed Research, 39, 117-127. https://doi.
org/10.1046/j.1365-3180.1999.00129.x

Carrasco, S., Hauenstein, E., Pefa-Cortés, F., Bertran, C., Tapia, J., & Vargas-
Chacoff, L. (2014). Evaluacién de la calidad de vegetacion riberefa en dos
cuencas costeras del sur de Chile mediante la aplicacion del indice QBR,
como base para su planificacion y gestion territorial. Gayana. Botdnica,
71(1), 1-9. https://doi.org/10.4067/50717-66432014000100002

Chovanec, A,, Jager, P., Jungwirth, M., Koller-Kreimel, V., Moog, O., Muhar,
S., & Schmutz, S. T. (2000). The Austrian way of assessing the ecolog-
ical integrity of running waters: A contribution to the EU Water
Framework Directive. In Assessing the ecological integrity of running
waters (pp. 445-452). Dordrecht, Netherlands: Springer. https://doi.
org/10.1007/978-94-011-4164-2_34

Colwell, S. R., & Hix, D. M. (2008). Adaptation of the QBR index for use in
riparian forests of central Ohio. Retrieved from http://www.
treesearch.fs.fed.us/pubs/14038

Contreras-Arquieta, B. A. (2012). Investigacion sobre la distribucion de la
planta invasora Arundo donax (carrizo gigante) en la cuenca del Rio
Bravo. Desert Fishes

Décamps, H., Fortuné, M., Gazelle, F., & Pautou, G. (1988). Historical influ-
ence of man on the riparian dynamics of a fluvial landscape. Landscape
Ecology, 1, 163. https://doi.org/10.1007/BF00162742-173.

D.O.C.E. (2000). Directiva 2000/60/CE del Parlamento Europeo y del Consejo
de 23 de octubre de 2000 por la que se establece un marco comunitario de
actuacién en el ambito de la politica de aguas. DOCE L 327 de 22.12.00.


https://orcid.org/0000-0002-0585-1328
http://orcid.org/0000-0001-6193-100X
http://orcid.org/0000-0002-1550-1305
https://doi.org/10.1146/annurev.ecolsys.35.120202.110122
https://doi.org/10.1146/annurev.ecolsys.35.120202.110122
https://doi.org/10.1002/(SICI)1099-0755(199807/08)8:4%3c597::AID-AQC277%3e3.0.CO;2-N
https://doi.org/10.1002/(SICI)1099-0755(199807/08)8:4%3c597::AID-AQC277%3e3.0.CO;2-N
https://doi.org/10.1046/j.1365-3180.1999.00129.x
https://doi.org/10.1046/j.1365-3180.1999.00129.x
https://doi.org/10.4067/S0717-66432014000100002
https://doi.org/10.1007/978-94-011-4164-2_34
https://doi.org/10.1007/978-94-011-4164-2_34
http://www.treesearch.fs.fed.us/pubs/14038
http://www.treesearch.fs.fed.us/pubs/14038
https://doi.org/10.1007/BF00162742

CASTRO-LOPEZ €T AL.

¢ | WILEY

Feio, M. J., Aguiar, F. C., Almeida, S. F. P, Ferreira, J., Ferreira, M. T., Elias,
C., ... Vieira, C. (2014). Least disturbed condition for European Mediter-
ranean rivers. Science of the Total Environment, 476-477, 745-756.
https://doi.org/10.1016/j.scitotenv.2013.05.056

Fernandez, L., Rau, J., & Arriagada, A. (2009). Calidad de la vegetacién
riberefia del rio Maullin (41°28’S; 72°59'0) utilizando el indice QBR.
Gayana. Botdnica, 66(2), 269-278.

Ferrifio, A. L. F. (2016). Delimitacién de zonas federales y areas de
amortiguamiento en rios afectados por el crecimiento urbano
como estrategia para prevenir inundaciones. EPISTEMUS, CIENCIA
TECNOLOGIA Y SALUD, 19, 24-33.

I.M.T.A., CONABIO, GECI, Aridamérica, The Nature Conservancy. (2007).
Especies invasoras de alto impacto a la biodiversidad. Prioridades en
México, Jiutepec, Morelos.

Ivosevic, B., Han, Y.-G., Cho, Y., & Kwon, O. (2015). The use of conservation
drones in ecology and wildlife research. Journal of Ecology and Environ-
ment, 38(1), 113-118. https://doi.org/10.5141/ecoenv.2015.012

Jaimez-Cuéllar, P, Vivas, S., Bonada, N., Robles, S., Mellado, A., Alvarez, M., ...
Alba-Tercedor, J. (2002). Protocolo GUADALMED (PRECE). Limnética,
21,187-204.

Kazoglou, Y., Fotiadis, G., Koutseri, |., & Vrahnakis, M. (2010). Assessment of
structural components of riparian forest vegetation of the Prespa Basin with
the means of the QBR index. BALWOIS: Ohrid, Republic of Macedonia.

Kutschker, A., Brand, C., & Miserendino, M. L. (2009). Evaluacién de la
calidad de los bosques de ribera en rios del NO del Chubut sometidos
a distintos usos de la tierra. Ecologia Austral, 19(1), 19-34.

Ley de Aguas Nacionales (L.AA.N.). (1992). Comision Nacional del Agua.
Diario Oficial de la Federacién. 01 de diciembre de 1992. México
http://www.normateca.gob.mx/Archivos/50_D_2773_19-08-2011.
[June 2015].

Lowe, S., Browne, M., Boudjelas, S., & De Poorter, M. (2000). 100 of the
world's worst invasive alien species: A selection from the global invasive
species database (ed., Vol. 12). Auckland, New Zealand: Invasive Species
Specialist Group.

Malanson, G. P. (1993). Riparian landscapes. Cambridge UK: Cambridge
University Press. https://doi.org/10.1017/CB0O9780511565434

Master, L. L., Flack, S. R, Stein, B. A., & Nature Conservancy (U.S.), Associ-
ation for Biodiversity Information, & Nature Serve (Program). (1998).
Rivers of life: Critical watersheds for protecting freshwater biodiversity.
Arlington, VA: Nature Conservancy in cooperation with Natural
Heritage Programs and Association for Biodiversity.

Mendoza Carifio, M., Quevedo Nolasco, A., Bravo Vinaja, A., Flores
Magdaleno, H., De La Isla, D. B., De Lourdes, M., & Zamora Morales,
B. P. (2014). Estado ecoldgico de rios y vegetacion riberefia en el
contexto de la nueva Ley General de Aguas de México. Revista
Internacional de Contaminacién Ambiental, 30(4), 429-436.

Millennium Ecosystem Assessment (Program). (2005). Ecosystems and
human well-being: Synthesis. Washington, DC: Island Press.

Moreno, J. L., M. L. Suérez, M. R. Vidal-Abarca. (1996). Valor ecoldgico de las
ramblas como sistemas acuaticos singulares. Tomo Extraordinario 125
Aniversario de la Real Sociedad Espanola de Historia Natural: 411-415.

Munné, A., Prat, N., Sola, C., Bonada, N., & Rieradevall, M. (2003). A simple
field method for assessing the ecological quality of riparian habitat in
rivers and streams: QBR index: Ecological quality of riparian habitat.
Aquatic Conservation: Marine and Freshwater Ecosystems, 13(2),
147-163. https://doi.org/10.1002/aqc.529

Munné, A, C. Sola y J. Pagés. (2006). HIDRI: Protocolo para la valoracién de la
calidad hidromorfologica de los rios. Agencia Catalana de I'Aigua, Barcelona,
Spain.

Munné, A., Sola, C., & Prat, N. (1998). QBR: Un indice rapido para la evaluacion
de la calidad de los ecosistemas de ribera. Tecnologia del Agua, 175, 20-37.

Munné, A., Sola, C., Rieradevall, M., & Prat, N. (1998). index QBR. Métode
per a l'avaluacié de la qualitat dels ecosistemes de ribera. Barcelona,
Spain: Diputacié de Barcelona, Area de Medi Ambient.

Naiman, R. J., & Turner, M. G. (2000). A future perspective on North America's
freshwater ecosystems. Ecological Applications, 10(4), 958-970. https://
doi.org/10.1890/1051-0761(2000)010[0958:AFPONA]2.0.CO;2

National Institute of Statistics and Geography of Mexico. (2015). Mapa
Digital de México V6.3.0 INEGI. Rasgos Hidrograficos. Retrieved from
http://gaia.inegi.org.mx/mdmé/

Nilsson, C., Jansson, R., Malmgvist, B., & Naiman, R. (2007). Restoring riv-
erine landscapes: The challenge of identifying priorities, reference
states, and techniques. Ecology and Society, 12(1), 16.

R Core Team. (2016). R: A language and environment for statistical comput-
ing. Vienna, Austria: R Foundation for Statistical Computing.
Retrieved from https://www.R-project.org

Racine, J. (2011). RStudio: A platform-independent IDE for R and Sweave.
Journal of Applied Econometrics, 27(1), 167-172.

Raven, P. J., Holmes, N. T. H., Dawson, F. H., & Everard, M. (1998). Quality
assessment using river habitat survey data. Aquatic Conservation:
Marine and Freshwater Ecosystems, 8(4), 477-499. https://doi.org/
10.1002/(SIC1)1099-0755(199807/08)8:4<477::AID-AQC299>3.0.CO;2-K

Reed, T., & Carpenter, S. R. (2002). Comparisons of P-yield, riparian buffer
strips, and land cover in six agricultural watersheds. Ecosystems, 5(6),
568-577. https://doi.org/10.1007/s10021-002-0159-8

Rodriguez, J. M., & Herrera, P. (1993). Diversidad de especies de los
humedales: Criterios de conservacion. Ecologia, 7, 215-232.

Rodriguez-Téllez, E., Dominguez-Calleros, P. A., Pompa-Garcia, M., Quiroz-
Arratia, J. A., & Pérez Lopez, M. E. (2012). Calidad del bosque de ribera
del rio El Tunal, Durango, México; mediante la aplicacion del indice
QBR. Gayana. Botdnica, 69(1), 147-151. https://doi.org/10.4067/
S0717-66432012000100014

Rodriguez-Téllez, E., Garcia-De-Jalon, D., Pérez-Lépez, M. E., Torres-
Herrera, S. |., Ortiz-Carrasco, R., Pompa-Garcia, M., ... Vazquez Vazquez,
L. (2016). Caracterizacion de la calidad ecoldgica del Bosque de galeria
del rio La Sauceda, Durango, México. Hidrobiolégica, 26(1), 35-40.

Ruzycki, J. R., Beauchamp, D. A., & Yule, D. L. (2003). Effects of intro-
duced lake trout on native cutthroat trout in Yellowstone Lake.
Ecological Applications, 13(1), 23-37. https://doi.org/10.1890/1051-
0761(2003)013[0023:EOILTO]2.0.CO;2

Scarpa, A., & Guerci, A. (1982). Various uses of the castor oil plant (Ricinus
communis L.): A review. Journal of Ethnopharmacology, 5(2), 117-137.
https://doi.org/10.1016/0378-8741(82)90038-1

Sirombra, M. G., & Mesa, L. M. (2012). A method for assessing the ecolog-
ical quality of riparian forests in subtropical Andean streams: QBRy
index. Ecological Indicators, 20, 324-331. https://doi.org/10.1016/j.
ecolind.2012.02.021

Smith, C. R.,, & Armesto, J. (2002). Importancia biolégica de los bosques
costeros de la décima region: El impacto de la carretera costera sur.
Ambiente Y Desarrollo, 23, 6-14.

Strayer, D. L., Beighley, R. E., Thompson, L. C., Brooks, S., Nilsson, C., Pinay,
G., & Naiman, R. J. (2003). Effects of land cover on stream ecosystems:
Roles of empirical models and scaling issues. Ecosystems, é(5),
407-423. https://doi.org/10.1007/PLO0021506

Suarez, M. L., & Vidal-Abarca, M. R. (2000). Aplicacion del indice de calidad
del bosque de ribera QBR (Munné et al. 1998) a los cauces fluviales de
la Cuenca del rio Segura. Tecnologia del Agua, 201, 33-45.

Sudrez, M. L., Vidal-Abarca, M. R., Sdnchez-Montoya, M., Alba, J., Alvarez,
M., Avilés, J., ... Vivas, S. (2002). Las riberas de los rios mediterraneos y
su calidad: El uso del indice QBR. Limnética, 21(3-4), 135-148.

Tabacchi, E., Planty-Tabacchi, A.-M., Salinas, M. J., & Décamps, H. (1996).
Landscape structure and diversity in riparian plant communities: A
longitudinal comparative study. Regulated Rivers: Research & Manage-
ment, 12(4-5), 367-390. https://doi.org/10.1002/(SICI)1099-
1646(199607)12:4/5<367::AID-RRR424>3.0.CO;2-X

Townsend, C. R, Doledec, S., Norris, R., Peacock, K., & Arbuckle, C. (2003).
The influence of scale and geography on relationships between stream
community composition and landscape variables: Description and


https://doi.org/10.1016/j.scitotenv.2013.05.056
https://doi.org/10.5141/ecoenv.2015.012
https://doi.org/10.1017/CBO9780511565434
https://doi.org/10.1002/aqc.529
https://doi.org/10.1890/1051-0761(2000)010%5b0958:AFPONA%5d2.0.CO;2
https://doi.org/10.1890/1051-0761(2000)010%5b0958:AFPONA%5d2.0.CO;2
http://gaia.inegi.org.mx/mdm6/
https://www.R-project.org
https://doi.org/10.1002/(SICI)1099-0755(199807/08)8:4%3c477::AID-AQC299%3e3.0.CO;2-K
https://doi.org/10.1002/(SICI)1099-0755(199807/08)8:4%3c477::AID-AQC299%3e3.0.CO;2-K
https://doi.org/10.1007/s10021-002-0159-8
https://doi.org/10.4067/S0717-66432012000100014
https://doi.org/10.4067/S0717-66432012000100014
https://doi.org/10.1890/1051-0761(2003)013%5b0023:EOILTO%5d2.0.CO;2
https://doi.org/10.1890/1051-0761(2003)013%5b0023:EOILTO%5d2.0.CO;2
https://doi.org/10.1016/0378-8741(82)90038-1
https://doi.org/10.1016/j.ecolind.2012.02.021
https://doi.org/10.1016/j.ecolind.2012.02.021
https://doi.org/10.1007/PL00021506
https://doi.org/10.1002/(SICI)1099-1646(199607)12:4/5%3c367::AID-RRR424%3e3.0.CO;2-X
https://doi.org/10.1002/(SICI)1099-1646(199607)12:4/5%3c367::AID-RRR424%3e3.0.CO;2-X

CASTRO-LOPEZ €T AL.

WILEY——%

prediction. Freshwater Biology, 48(5), 768-785. https://doi.org/
10.1046/j.1365-2427.2003.01043.x

Vannote, R. L., Minshall, G. W., Cummins, K. W., Sedell, J. R., & Cushing, C.
E. (1980). The river continuum concept. Canadian Journal of Fisheries
and Aquatic Sciences, 37, 130-137.

Vidal-Abarca, M. R., Gomez, R., & Sudrez, M. L. (2004). Los rios de las
regiones semiaridas. Revista Ecosistemas, 13(1).

Vitousek, P. M., D Antonio, C. M., Loope, L. L., & Westbrooks, R. (1996).
Biological invasions as global environmental change. American Scientist;
Research Triangle Park, 84(5), 468.

Ward, J. (1998). Riverine landscapes: Biodiversity patterns, disturbance
regimes, and aquatic conservation. Biological Conservation, 83(3),
269-278. https://doi.org/10.1016/S0006-3207(97)00083-9

Whaley, O. Q., Beresford-Jones, D. G., Milliken, W., Orellana, A., Smyk, A.,
& Leguia, J. (2010). An ecosystem approach to restoration and

APPENDIX A

QBR-RNMX INDEX
Field data sheet

Riparian Forest Quality in the rivers of Northern Mexico

The score for each section cannot be negative or exceed 25
TOTAL RIPARIAN COVER
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Station P T4

Observant V. LJ\L‘

Date el - ;‘-’ -
s -

Section 1 score

Score
1A 25 > 50 % riparian cover
1B 10 30-50 % riparian cover
1Cc 5 10-30 % riparian cover
iD 0 < 10 % riparian cover

+10 if the riparian forest and woodland are fully connected

+5 if less than 50% of the riparian forest and woodland is connected

-5 if between 25 and 50% is connected

10 if less than 25% is connected
COVER STRUCTURE Section 2 score
Score

1A 1B 1Cc 1D

2A 25 10 5 0 75 % tree cover
2B 10 0 0 50-75 % tree cover or 25-50 % tree cover with 25 % covered by shrubs
2C 5 0 0 tree cover lower than 25% but shrub cover between 10 and 25 %
2D 0 0 0 0 absence of trees*
+ 10 if at least 50 % of the channel has helophytes or shrubs
+5 if 25-50 % of the channel has helophytes or shrubs
+5 if trees and shrubs are located in the same patches
-5 if trees are regularly distributed but there is less than 50 % shrubland
-5 if trees and shrubs are unevenly distributed in separate patches
-10 if trees are distributed regularly, and there is more than 50% shrubland

COVER QUALITY (THE GEOMORPHOLOGICAL
TYPE SHOULD BE FIRST DETERMINED**)

Section 3 score

Score Typel Type2
25 if the number of native tree species: >1 >2
10 if the number of native tree species: 1

5 if the number of native tree species -

if native trees are absent

(Continues)
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(Continued)

COVER QUALITY (THE GEOMORPHOLOGICAL

TYPE SHOULD BE FIRST DETERMINED**)

Section 3 score

+ 10 if the tree community is consistent along the river and covers
+5 at least 75% of the riparian zone
+5 if the tree community is fairly consistent and covers at least > 2 >3
50% of the riparian area
if the number of shrub species is:
-5 if there are buildings in the riparian area
-5 if there are isolated species of non-native trees***
-10 if non-native tree communities are present
-10 if garbage is present
NATURALNESS OF THE RIVER CHANNEL Section 4 score
Score
25 unmodified river channel
10 fluvial terraces modified, river channel somewhat constrained
5 channel modified by discontinuous rigid structures along the margins
0 fully channelized river
-10 if the river bed features rigid structures (e.g wells)
-10 if transverse structures have been added to the channel (e.g weirs)
-5 if garbage is present
-10 if there is a permanent landfill site in the section studied

Final score (sum of level scores)

This score is obtained by adding the scores assigned to the left and right river margins based on their incline. This value can be modified if islands or hard
substrata are present. The incline score should be added to the scores for the right- and left- hand sides of the bank, and further points added or

subtracted in accordance with the first two sections.

Score
Incline and configuration of the riparian zone Left Right
Very steep, vertical or even concave (slope > 75°), margins 4 4
are not expected to be exceeded by large floods. ‘ Mix. crecidas ‘ / Mix. crecidas
Crecidas ordinarias \\ Crecidas ordinarias.
Similar to the previous category, but with a bankfull 3 3
which differentiates the ordinary flooding zone from 1 TP Mix crecdas
the main channel. ‘
‘ ‘L Crecidas ordinarias Crecidas ordinarias
™ I S —
Slope of the margins between 45 and 75 °, with or 2 2
without steps. The Slope constitutes the angle W\\ M recidas F\ P
subtended by the line between the top of the b,
riparian area and the edge of the ordinary flow ‘ N\ Crecidas ondinarias A recidas ondinrias
of the river. (a > b) S
Slope between 20 and 45 °, with or without steps. (a < b) 1 1
= Mix. crecidas D M erecidas
TN
\Q{Li;-gxs ordinarias L2 Crecidas ordinarias
Presence of one or several islands in the river
Width of all the islands “a” > 5 m. I ‘ -2
\,_,\
.
[’\77 ) !
Width of all islands “a” < 5 m. - | -1
—
/a

Percentage of hard substrata that inhibit the presence of plants with roots

>80 % Not applicable
60-80 % +3
30-60 % +2

(Continues)
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(Continued)

Percentage of hard substrata that inhibit the presence of plants with roots
20-30 % +1
Total Score

Geomorphological type according to the total score

>6 Type 1 Closed riparian habitats. Riparian forest, if present, reduced to a small strip. Headwaters.

3to5 Type 2 Headwaters or midland riparian habitats. Forest may be large in size and may have previously been a gallery.
*Bush-sized trees and tree-sized shrubs over 1.5m should still be counted as trees.

**This refers to riparian habitat type, which is to be determined in section 3, ‘cover quality’.

**Allochthonous tree species in the study area: Acacia rigidula, Arundo donax, Chaptalia nutans, Cyperus alternifolius, Nicotina glauca, Ricinus communis,
Tamarix aphylla, Typha ssp.

APPENDIX B

VEGETATION INVENTORY RECORDED AND USED TO EVALUATE THE RIPARIAN VEGETATION
QUALITY OF THE PESQUERIA RIVER

Scientific name Common name PG* Sampling points

Acacia farnesiana Huizache NRR 2,4,5 6,7,8,9,11, 13, 15
Acacia rigidula Chaparro prieto NWDM 2

Arundo donax Carrizo gigante | 2,8,9, 10, 11, 12, 14, 15
Baccharis salicifolia Azumiate o Jara NWDM 1,2,83,4,5,7, 13, 14, 15
Cercidium texanum Palo Verde NRR 5,9, 11, 13

Chaptalia nutans Agacha cabeza | 6,8, 9

Cyperus alternifolius Paragtita | 1,2,7,10, 12

Nicotiana glauca Tabachin | 3

Pluchea carolinensis Santa Maria NWDM 1,2,34,5,7,13, 14, 15
Prosopis glandulosa Mezquite NRR 2,3,6,7,8,9,11, 13, 15
Ricinus communis Higuerilla | 56,7,8,9,10, 11, 12, 15
Salix nigra Sauce de rio NRR 1,3,4,5,8,9, 11

Tamarix aphylla Pinabete | 3,4,5,8,9 14

Typha latifolia Junco, Tule | 1,2,3,6,7

?PG: phytogeographic origin (I: invasive; N: native representative of the region; NWD: native widely distributed in Mexico).



