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The aims of thisworkwere to describe the conservation status of riparian forests located in amountain subtropical basin of Tucumán
province, Argentina, and assess how the quality of riparian forests is relatedwith altitude, plant species richness, proportion of exotic
species, and Total Suspended Solids (TSS) in adjacent rivers. Composition and species richness of riparian forests were studied at
16 sites located along an altitudinal gradient and TSS was determined fromwater samples collected in each site. In order to evaluate
conservation status of riparian forests, we calculated an index of Quality of Yungas Riparian Forests (QBRy). We recorded 90 plant
species at all sites, from which 77% were native. QBRy index was mainly associated with altitude and varied from riparian forests
with good preservation or slightly disturbed to those with extreme degradation. At lower altitude, forests were more disturbed,
more invaded by exotic plant species, and closer to urban and cropped areas. QBRy was not correlated with species richness or TSS.
Like other riparian forests of Argentina, plant species invasion increased their degradation; therefore, future studies should focus
on native riparian forests conservation and on the management of invasive plant species, which affect their quality.

1. Introduction

Riparian ecosystems constitute a complex association of
organisms and their environment, adjacent to a river [1].They
are also called buffer zones, since one of their main functions
is to dampen the impact of human activities on the water
body [2]. The riparian ecosystem supports a zone of vegeta-
tion that is structural and floristically different from adjacent
habitats that they are integrated with [3]. Various human
activities have led to the deterioration and/or change at the
structure of riparian vegetation. The removal of riparian
forests can change the energy dynamics of rivers, from heter-
otrophic systems (where production is based on the entry of
leaves and other materials from land) to autotrophic systems
where production is based on algae [4]. These changes
directly affect the composition of aquatic biota that feed on
organic matter entering from the outside [5].

An issue of special interest is the removal of vegetation
cover from the riparian zone, which causes an increase in
the load of Total Suspended Solids (TSS) in rivers; the latter
directly affects the ecological discharge, which reduces their
ability to support life [6]. Poff et al. [7] define ecological
discharge as the quality, quantity, and flow regime needed to
sustain aquatic ecosystems and the benefits and ecosystem
services on which human society depends. Increasing TSS
reduces light availability for producers of the aquatic system
and consequently modifies the whole food chain [8]. Strand
and Merritt [9] observed that land use change in areas
surrounding water bodies resulted in decreased riparian
vegetation and a consequent increase in nutrients in thewater
due to the drag of cultivated soil nutrients. The advancement
of agricultural activities has thus resulted in the degradation
of riparian vegetation and water quality [10].
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In Argentina, changes in the use of land surrounding
water bodies and pollution have had a deep impact on the
functionality of riparian ecosystems [11–17]. These changes
have led to the introduction of exotic plant species [18, 19]
that may cause the extinction of local plant species [20]. In
particular, the mountain rivers of northwestern Argentina,
which include the streams of Saĺı River Basin, our study area,
suffer severe environmental degradation, mainly due to their
hydrological richness benefits to livestock and agricultural
activities. The importance of riparian buffers in the integrity
of the aquatic and terrestrial ecosystems is critical, and then
determining their ecological and environmental quality is
becoming increasingly important [21].

QBR index (“quality of the riparian forest”), proposed by
Munné et al. [22], is currently the most widely used measure
for the analysis of river banks; it allows describing the quality
of vegetation in situ. QBR index is useful for assessing the
quality of the riparian forest and the degree of alteration of
thewaterfront in four separate blocks; three of them are based
on riparian vegetation characteristics (coverage, structure,
and nature), while the fourth referred to changes in the river
channel (for details see [22]). Several authors adapted QBR
index according to the study area [23] for riparian forests
of Spain; [24] for the Argentinean Patagonia; [25] for Chile;
[17, 26] for riparian forests of the Argentinean Yungas. All of
them highlight the increasing degradation of riparian areas.
In this work, we use the QBRy index by Sirombra and Mesa
[26] that amends three of the four items of the original index
to take into account the characteristics and changes in the
rivers of Yungas (for details see [27]).

The aims of this paper are (1) to describe the conservation
status of the riverbanks of rivers and streams in a subtropical
mountain basin of Tucumán province, Argentina; (2) to
analyze how the quality of riparian vegetation and the species
composition are related with altitude, species richness, and
proportion of exotic species of the region; and (3) to evaluate
the influence of the quality of riparian vegetation in the water
content of Total Suspended Solids.

2. Materials and Methods

2.1. Study Area. Saĺı River Basin is the main hydrological
basin of the province of Tucumán, Argentina. It is an endor-
heic system, covering about 45% of the province, and flows
into the Mar Chiquita Lagoon in the province of Córdoba.
The climate of the region is subtropical with marked season-
ality.The average range of annual precipitation goes from 900
to 1500mm, concentrated in summer (80%) [28], and the
average annual temperature is 14∘C.

The study area (Figure 1) includes riparian forests belong-
ing to the Yungas and Dry Chaco phytogeographic provinces
[29]. Yungas is the southern-most extension of Neotropical
Andean forests [30] and extends along discontinuous moun-
tain ranges at NW Argentina. Yungas ecoregion is a forest
which has an area of 700 km extent and 50 km width and has
a strong altitudinal gradient that results in floristic stratifica-
tion [31]. Therefore, Yungas presents three main altitudinal
belts, identified as “selva pedemontana” (400–700m a.s.l.),
“selva montana” (700–1500m a.s.l.), and “bosque montano”

(1500–2700m a.s.l.) [32]. This work was conducted in ripar-
ian forests of “selva pedemontana” and “selva montana.” The
predominant canopy vegetation is dominated by Blepharo-
calyx salicifolius (Myrtaceae), Ocotea porphyria (Lauraceae),
and Pisonia ambigua (Nyctaginaceae); and understory tree
composition (5–12m) is dominated byEugenia uniflora (Myr-
taceae), Piper tucumanum (Piperaceae), andAllophylus edulis
(Sapindaceae) [33]. The main economic activities that affect
the Yungas are agriculture and livestock [17, 34]. Dry Chaco
is one of the largest forest biomes of Argentina. This habitat
is characterized by thicket and thorny vegetation and it is the
most unexplored and least documented region in the country
[35]. The predominant vegetation is deciduous dry forests,
but there are also palms, savannas, and halophytic steppes
[29]. In Chaco, there are three main subregions distinguished
by climatic conditions: “Semiarid Chaco,” “Chaco Serrano,”
and “Arid Chaco” [36]. This work was carried on riparian
forests of “Chaco Serrano” and “Semiarid Chaco.” Serrano
Chaco is dominated by Schinopsis haenkeana and Lithraea
molleoides [29, 36]. Semiarid Chaco is a xerophytic semide-
ciduous forest, which before human intervention had a
canopy dominated by Schinopsis quebracho-colorado and
Aspidosperma quebracho-blanco [37]. For over a century, the
regionhas beenunder sustained degradation and loss of natu-
ral heritage; the unplanned extractive use of natural resources
is the main cause. In addition to the livestock and logging
activities, in the last years, it was developed as an unplanned
expansion of agriculture on a large scale [38].

2.2. Characterization of the Riverbank. We worked with a
total of 16 sites whose encodings, coordinates, and main
characteristics are shown in Table 1. In each sampling point,
we established transects of 100m length by 5meters’ width, on
both banks of the watercourse. At each transect, we recorded
plant species richness and we calculated QBRy index [15, 26].
The quality riparian forest index (QBR)was designed to study
the ecological quality of riparian forests from Spain [22]. The
index consists of 4 sections and each of them is assigned a
score between 0 and 25. The sum of the 4 sections represents
thus the final score and ranks between 0 and 100. Within
each section, elements which enhance the quality of riparian
forests accumulate points, while those which lead to reduc-
tions in the quality of forests are given negative scores. Three
of four sections of this index were modified by Sirombra [27]
for riparian forests of Yungas rivers.The new index was called
“QBRy” (Quality of Yungas Riparian Forests Index) and takes
into account the percentage of native and exotic species of
trees and shrubs for vegetation cover estimation. These 4
sections are vegetation cover, vegetation structure, vegetation
quality, and degree of naturalness of the river channel. The
obtained QBRy values allowed us to identify five ranges of
quality of the banks: very good (>90); good, slightly disturbed
(75–90); intermediate, start of alteration (50–70); bad, strong
alteration (30–50); and bad, extreme degradation (<25).

The vegetation sampling was conducted in 2012 and
repeated in 2013 to improve estimates of QBRy index and to
corroborate the species identification.We used the Catalogue
ofVascular Plants of the SouthernCone [38] for identification
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Figure 1: Study area. Each numerated spot corresponds to a sampling site. Sites codes are on the left corner. Sites names are in Table 1.

of plant species and Tropicos [39] for updating scientific
names.

We collected and preserved surface water samples for
analysis of TSS in the laboratory, following IRAM protocols
[40]. These data were taken during the years 2012 (October)
and 2013 (March, May, and August), to represent dry and
wet season. The water for TSS determination was analyzed
following Volumetric Method: we put 80mL of each water
sample, previously agitated, into a porcelain capsule and
heated it to 105∘C for 24 hours.Then, we cooled the capsule in
a vacuum container to prevent sample wet. To determine the
weight of Total Suspended Solids (TSS) in the water sample,
we weighed the empty capsules, then filled them with water
sample, and subsequently made a comparison [41, 42]. For
sites Ra1, LN1,Mu1, and SP1, we used data fromCarrasco [43]
corresponding to the years 2011 and 2012.

2.3. Data Analysis. All the sampled sites were ranked using
the value of QBRy index, considered as an indicator of the

conservation status of riparian forests. We evaluated whether
riparian forests with less invasive species, higher species rich-
ness, and higher altitudes had a more suitable conservation
status. For this purpose, we performed Pearson correlations
between QBRy and plant species richness, percentage of
exotic species, and altitude.

Changes in species composition were analyzed with a
NMDS (Nonmetrical Multidimensional Scaling), based on a
Bray Curtis similarity matrix of the sites (𝑛 = 16) calculated
from the presence-absence of plant species. We also included
a secondary matrix of altitude. Autopilot mode (“slow and
thorough”) was used to decide the appropriate number of
dimensions [44]. The choice of two dimensions was based
on a final stress (an index of the dissimilarities between
the distances in the ordination plot and the distances in
the matrix of Bray Curtis) equal to 20.4 and different from
random (Monte Carlo test = 250 runs, 𝑝 = 0.04) [44]. The
NMDS considers that closer sites in the ordination plot have
a similar plant species composition.
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Table 1: Main characteristics of the sampled sites.

Name of the sites Codification Geographical
coordinates

Altitude
(m a.s.l.) QBRy Taxa

richness
% native
species

% exotic
species

Saĺı River 1 Sa1 26∘13󸀠56.27󸀠󸀠S;
65∘15󸀠10.43󸀠󸀠W 765 55 26 90 10

Saĺı River 2 Sa2 26∘28󸀠33.29󸀠󸀠S;
65∘12󸀠43.70󸀠󸀠W 650 35 14 100 0

La Perdiz Stream 1 LP1 26∘42󸀠44.00󸀠󸀠S;
65∘8󸀠39.40󸀠󸀠W 529 5 15 21 79

La Perdiz Stream 2 LP2 26∘43󸀠8.00󸀠󸀠S;
65∘9󸀠20.40󸀠󸀠W 496 25 9 45 55

Raco River 1 Ra1 26∘40󸀠40.00󸀠󸀠S;
65∘25󸀠39.00W 1168 60 23 91 9

Grande River 1 Gr1 26∘46󸀠21.98󸀠󸀠S;
65∘27󸀠57.59󸀠󸀠W 918 30 5 75 25

Lules River 1 Lu1 26∘46󸀠23.16󸀠󸀠S;
65∘27󸀠50.04󸀠󸀠W 909 30 8 75 25

Lules River 2 Lu2 26∘47󸀠28.20󸀠󸀠S;
65∘27󸀠8.04󸀠󸀠W 848 80 10 100 0

Lules River 3 Lu3 26∘47󸀠13.20󸀠󸀠S;
65∘27󸀠10.20󸀠󸀠W 860 80 10 100 0

San Javier River 1 SJ1 26∘42󸀠28.78󸀠󸀠S;
65∘22󸀠44.45󸀠󸀠W 1221 60 18 81 19

San Javier River 2 SJ2 26∘44󸀠57.48󸀠󸀠S;
65∘23󸀠13.92󸀠󸀠W 995 40 14 65 35

Los Noques River 1 LN1 26∘47󸀠10.00󸀠󸀠S;
65∘27󸀠57.59󸀠󸀠W 914 50 15 80 20

Muerto River 1 Mu1 26∘48󸀠42.00󸀠󸀠S;
65∘19󸀠34.00󸀠󸀠W 496 5 16 44 54

San Pablo Stream 1 SP1 26∘51󸀠50.00󸀠󸀠S;
65∘20󸀠37.00󸀠󸀠W 581 20 15 53 47

Lules River 4 Lu4 26∘54󸀠20.08󸀠󸀠S;
65∘21󸀠38.39󸀠󸀠W 453 55 23 79 21

Colorado River 1 Co1 26∘59󸀠3.98󸀠󸀠S;
65∘22󸀠10.95󸀠󸀠W 392 5 10 73 27

To assess whether the conservation status of the riparian
forests influences the water quality of the adjacent rivers, we
derived Pearson correlations between QBRy and TSS. In this
case, the analysis considered TSS values for both wet and dry
seasons, so it was possible to evaluate the period of the year
in which riparian vegetation provides better buffer protection
to the rivers.

The data used for all the correlations were transformed to
a logarithmic scale to standardize. Given that the tables for
correlations presented “zero entries,” we added “1” to each
value while performing transformation logarithms. Analyses
were performed using the statistical software R [45].

3. Results

We identified 90 plant species, 77% of which were native
(Table 2). More than half of the species were trees (60%);
adding the bushes, the percentage rises to 83%, representing
together the two life forms that structure the plant commu-
nities in these riparian forests. The species present in most of
the sites were Morus alba (11 sites), Acacia aroma (10 sites),

Baccharis salicifolia (9 sites), and Phenax laevigatus (8 sites).
The range of values of the QBRy index varied between 5
and 80 (Table 1). The lower values of the index indicated a
bad status and extreme degradation (<25). A noteworthy
feature of these riparian forests is that they are located in
areas of plains and highly disturbed by the change in land
use (urbanized areas and crops).

Intermediate values of QBRy corresponded to recre-
ational or touristic riverbanks (e.g., Raco River and Los
Noques River). The highest values (75–90) indicating a good
and slightly disturbed riparian forest belonged to two sites
of Lules River located at remote areas (far away from human
impact but cattle feces were detected in these sites, which is
also a disturbance to the habitat).

TheQBRy index correlated significantly with altitude (𝑟 =
0.65, df = 14, and 𝑝 = 0.006) and the percentage of exotic
plants (𝑟 = −0.62, df = 14, and 𝑝 = 0.01). The correlations
between QBRy and species richness (𝑟 = 0.14, df = 14, and
𝑝 = 0.59), TSS in the wet season (𝑟 = −0.09, df = 14, and
𝑝 = 0.71), and TSS in the dry season (𝑟 = −0.34, df = 12, and
𝑝 = 0.23) were nonsignificant. The concentration of TSS was
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Table 2: List of identified taxa, indicating family, habit, and origin (native = N or exotic = E).

Taxa Family Habit Origin
Acacia aroma Gillies ex Hook. & Arn. Fabaceae Tree N
Acacia praecox Griseb. Fabaceae Tree N
Acacia visco Lorentz ex Griseb. Fabaceae Tree N
Aechmea distichantha Lem. Bromeliaceae Epiphyte N
Allophylus edulis (A. St.-Hil., A. Juss. & Cambess.) Hieron. ex Niederl. Sapindaceae Tree N
Anadenanthera colubrina (Vell.) Brenan Fabaceae Tree N
Arundo donax L. Poaceae Rattan E
Aspidosperma quebracho-blanco Schltdl. Apocynaceae Tree N
Baccharis salicifolia (Ruiz & Pav.) Pers. Asteraceae Shrub N
Baccharis tucumanensisHook. & Arn. Asteraceae Shrub N
Blepharocalyx salicifolius (Kunth) O. Berg Myrtaceae Tree N
Boehmeria caudata Sw. Urticaceae Shrub N
Broussonetia papyrifera (L.) Vent. Moraceae Tree E
Cedrela angustifolia DC. Meliaceae Tree N
Ceiba chodatii (Hassl.) Ravenna Bombacaceae Tree N
Celtis iguanaea (Jacq.) Sarg. Celtidaceae Tree N
Cercidium praecox (Ruiz & Pav. ex Hook.) Harms Fabaceae Tree N
Cestrum strigillatum Ruiz & Pav. Solanaceae Shrub N
Citrus limon (L.) Osbeck Rutaceae Tree E
Citrus sinensis (L.) Osbeck Rutaceae Tree E
Clematis montevidensis Spreng. Ranunculaceae Climber N
Condalia buxifolia Reissek Rhamnaceae Tree N
Cupania vernalis Cambess. Sapindaceae Tree N
Dolichandra unguis-cati (L.) L.G. Lohmann Bignoniaceae Climber N
Enterolobium contortisiliquum (Vell.) Morong Fabaceae Tree N
Eriobotrya japonica (Thunb.) lindl. Rosaceae Tree E
Eucalyptus sp. Myrtaceae Tree E
Eugenia uniflora L. Myrtaceae Tree N
Geoffroea decorticans (Gillies ex Hook. & Arn.) Burkart Fabaceae Tree N
Gleditsia triacanthos L. Fabaceae Tree E
Guadua angustifolia Kunth Poaceae Rattan E
Handroanthus impetiginosus (Mart. ex DC.) Mattos Bignoniaceae Tree N
Ipomoea alba L. Convolvulaceae Climber N
Jacaranda mimosifolia D. Don Bignoniaceae Tree N
Juglans australis Griseb. Juglandaceae Tree N
Juglans regia L. Juglandaceae Tree E
Lantana camara L. Verbenaceae Shrub N
Ligaria cuneifolia (Ruiz & Pav.) Tiegh. Loranthaceae Epiphyte N
Ligustrum lucidumW.T. Aiton Oleaceae Tree E
Lycium sp. Solanaceae Shrub N
Manihot sp. Euphorbiaceae Shrub E
Maytenus vitis-idaea Griseb. Celastraceae Tree N
Mikania cordifolia (L. f.) Willd. Asteraceae Climber N
Mikania periplocifoliaHook. & Arn. Asteraceae Climber N
Morrenia odorata (Hook. & Arn.) Lindl. Apocynaceae Climber N
Morus alba L. Moraceae Tree E
Myrcianthes mato (Griseb.) McVaugh Myrtaceae Tree N
Myrsine coriacea (Sw.) R. Br. Myrsinaceae Tree N
Myrsine laetevirens (Mez) Arechav. Myrsinaceae Tree N
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Table 2: Continued.

Taxa Family Habit Origin
Nicotiana glauca Graham Solanaceae Shrub N
Ocotea porphyria (Griseb.) van der Werff Lauraceae Tree N
Opuntia ficus-indica (L.) Mill. Cactaceae Shrub E
Opuntia quimilo K. Schum. Cactaceae Tree N
Opuntia sulphurea Gillies ex Salm-Dyck Cactaceae Shrub N
Phenax laevigatusWedd. Urticaceae Shrub N
Phytolacca bogotensis Kunth Phytolaccaceae Shrub N
Pinus sp. Pinaceae Tree E
Piper hieronymi C. DC Piperaceae Shrub N
Platanus occidentalis L. Platanaceae Tree E
Populus deltoidesW. Bartram ex Marshall Salicaceae Tree E
Prosopis sp. Fabaceae Tree N
Proustia cuneifolia D. Don Asteraceae Shrub N
Prunus persica (L.) Batsch Rosaceae Tree E
Psidium guajava L. Myrtaceae Tree E
Quechualia fulta (Griseb.) H. Rob. Asteraceae Climber N
Ricinus communis L. Euphorbiaceae Shrub E
Rubus imperialis Cham. & Schltdl. Rosaceae Shrub N
Ruta chalepensis L. Rutaceae Shrub E
Salix humboldtianaWilld. Salicaceae Tree N
Schinopsis lorentzii (Griseb.) Engl. Anacardiaceae Tree N
Schinus bumelioides I.M. Johnst. Anacardiaceae Tree N
Schinus fasciculatus (Griseb.) I.M. Johnst. Anacardiaceae Tree N
Scutia buxifolia Reissek Rhamnaceae Tree N
Serjania meridionalis Cambess. Sapindaceae Climber N
Solanum paniculatum L. Solanaceae Shrub N
Solanum riparium Pers. Solanaceae Tree N
Suaeda divaricataMoq. Chenopodiaceae Shrub N
Syagrus romanzoffiana (Cham.) Glassman Arecaceae Palm E
Tecoma stans (L.) Juss. ex Kunth Bignoniaceae Tree N
Tessaria absinthioides (Hook. & Arn.) DC. Asteraceae Shrub N
Tillandsia sp. Bromeliaceae Epiphyte N
Tipuana tipu (Benth.) Kuntze Fabaceae Tree N
Trema micrantha (L.) Blume Celtidaceae Tree N
Tripodanthus acutifolius (Ruiz & Pav.) Tiegh. Loranthaceae Epiphyte N
Urera baccifera (L.) Gaudich. Urticaceae Tree N
Urera caracasana (Jacq.) Gaudich. ex Griseb. Urticaceae Tree N
Vassobia breviflora (Sendtn.) Hunz. Solanaceae Tree N
Verbesina suncho (Griseb.) S.F. Blake Asteraceae Shrub N
Zanthoxylum coco Gillies ex Hook. f. & Arn. Rutaceae Tree N
Ziziphus mistol Griseb. Rhamnaceae Tree N

considerably lower at dry station for all the sites, and some of
them did not have water at all (Table 3).

The NMDS (Figure 2) did not separate the sites based on
identity of the forests (Chaco and Yungas sites were dispersed
andmixed in the graph).The sites were orderedmainly based
on the dominance of exotic species, locating forests that have
less exotic species in the negative side of axis 1 and sites
with more invasive species in the positive side of axis 1. The
percentage of native and exotic species was related to the
altitude of the sites (see the size of the symbols).

4. Discussion

The surveyed plants species in the province of Tucumán were
mostly native and included different life forms (i.e., trees,
shrubs, palms, rattans, lianas, and epiphytes). In order to
achieve a more complete assessment of their conservation
status, we strongly believe that a quality analysis of riparian
forests should include all the varieties of life forms.The num-
ber of species presented here is greater than that observed
in other studies in the same province [16, 17, 26], probably
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Table 3: Average concentration of TSS at humid and dry seasons
for each sampled site. The standard deviation for humid season is
0.05 and for dry season it is not informed because of the existence
of many sites without water (ww) and so there is no data to inform.

Site
codification

Average
concentration of TSS
(mg/L) in wet season

Average
concentration of TSS
(mg/L) in dry season

Sa1 46.25 6.25
Sa2 75.00 3.75
LP1 3.75 7.50
LP2 47.50 23.75
Ra1 6.00 ww
Gr1 16.25 7.50
Lu1 36.25 ww
Lu2 58.00 20.00
Lu3 26.75 1.25
SJ1 2.50 3.75
SJ2 6.25 23.75
LN1 2.00 ww
Mu1 4.00 ww
SP1 6.00 6.00
Lu4 41.25 3.75
Co1 106.25 ww
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Figure 2: NMDS showing the sites in relation to species composi-
tion ordering. Increasing size symbols indicate increasing altitude.

because our study area was wider (i.e., species-area effect [46,
47]), comprising both Yungas and Chaco forests, with dif-
ferent species composition. Similarly to most riparian forests
in the world, the structure was dominated by woody plants,
such as trees and bushes [19]. Exotic species were also present
and they were dominant in several sites. The most common
exotic species were Ligustrum lucidum, Morus alba, Arundo
donax, and Gleditsia triacanthos. The main problem we find

considering this point is that they can represent a big barrier
for the establishment of native vegetation [48]. Previous
studies in the same study area showed that these exotic plants
have the ability to invade and displace native species, thus
reducing their diversity [49, 50]. For example, G. triacanthos,
one of themost important invasive plant species of Tucumán,
caused major physiognomic and structural changes in some
areas of Lules River Basin and Sierra de San Javier [16]. These
“new forests,” dominated by invasive species, acquired xeric
characteristics which differ widely from the original riparian
forests characteristic from Yungas ecoregion [16]; thus, it is
likely that these changes derive in ecological consequences in
the area [51]. In other ecoregions of Argentina (e.g., estepa
patagonica, Monte, Espinal), invasive species are also chang-
ing the structure of riparian communities, with consequences
for ecosystem functioning [52]. For example, in Pampean
streams of the province of Buenos Aires, G. triacanthos
modified the structure from grasslands to forests, causing
changes in the richness of invertebrates and the composition
of aquatic species, probably due to reduced light conditions
[53]. On the other hand, exotic leaves may have different
physical and chemical characteristics (leaf toughness, leaf
area, content of cellulose, hemicelluloses, lignin, C, and
N) from native ones, which might negatively influence the
activity of detritivores invertebrates [54].

The variation ofQBRy valueswas strongly associatedwith
the altitude of the sampled area, since riparian forests located
at lowlands were highly disturbed. Although there are some
exceptions [55], it is well known that degradation is higher at
lower altitudes, where anthropogenic impact is usually more
intense and land is more accessible for different uses [26]. In
the study area, riparian forests of lowland rivers are close to
urban zones and extensive agriculture areas (e.g., fruit crops
and sugarcane) and had a low degree of conservation. In these
areas, the anthropogenic impact continues to increase and
these forests are becoming narrow strips, for which urgent
conservation measures are required in these areas, especially
in Yungas piedmont [56]. Other uses, such as recreational
activities, did not significantly affect the conservation status
of riparian forests, since they usually take place at specific sec-
tors (i.e., not over all river margins) and exhibited intermedi-
ate values of QBRy. However, it should be taken into account
that recreational activities might also imply alterations in the
form of degradation or removal of vegetation cover [57].

The greatest anthropic impact at lower altitude sites and
the differences in species composition due to the altitudinal
gradient [15] may explain changes in the richness and
composition of aquatic and marsh vegetation at the surveyed
watercourses. At mountain watercourses, mainly in zones of
quiet waters, the vegetation was that typical of flooded and
waterlogged habitats [58], with species like Bacopa monnieri
(Plantaginaceae), Myriophyllum aquaticum (Haloragaceae),
Hydrocotyle bonariensis (Apiaceae), and Pluchea sagittalis
(Asteraceae). At areas of lower altitude, we found formations
of Heimia salicifolia (Lythraceae) and Ludwigia peploides
(Onagraceae) in sediment banks and a less diversity of aquatic
and marsh plant communities. This could be due to the fact
that these communities are very sensitive to the destabilizing
effect of external disturbances [59]. Moreover, runoff during
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wet season significantly influences the stability and resilience
of plant communities at lower altitude areas.

There was no relationship between QBRy and water TSS
content in wet and dry seasons. Perhaps other factors are
more appropriate than riparian forest quality as determinants
of TSS in water. For example, an earlier study made in this
area showed that in 2012 (>1.200mm of precipitations during
humid period) the higher concentrations of TSSwere directly
related to the discharge of rivers and streams [60].

5. Conclusions

Riparian forests surveyed in Tucumán province exhibit a
variable conservation status, but most of them present some
degree of degradation, mainly due to human impact. Despite
the wide variability observed with the QBRy index, some
patterns derived from altitude can be identified. The altitudi-
nal gradient determines that riparian forests located in lower
areas present a low conservation status, since they coexist
with human activities in adjacent areas, with great impact on
their conservation. In turn, the altitudinal gradient also deter-
mines changes in plant species composition among forests,
with a higher percentage of exotic species at lower altitudes.
The absence of a relationship between riparian forests quality
and TSS in water in the study area suggests that flow is amore
relevant factor influencing TSS concentrations. Like other
riparian forests of Argentina, degradation is increasing dra-
matically in the study area. Therefore, habitat conservation
and management, particularly at lower altitudes, appear as a
priority for future studies.
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