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Abstract

Background: Riparian vegetation is strongly influenced by the surrounding land use. While it is known
that urbanization processes can affect plant species composition and the ecological condition of the riparian zone, the specific responses require a fuller understanding.
Hypothesis: The quality of riparian zones is inversely related to the degree of urbanization of adjacent
areas, and that land uses that provide forest cover ensure a less degraded condition and greater diversity
of species.
Study site and year of study: Sabinal River basin, Chiapas, Mexico, 2015.
Methods: Measures of the Riparian Quality Index (RQI) and plant species composition were compared
among three different land use conditions (secondary forest, grasslands and crops, and human settlements).
Results: Riparian zones adjacent to secondary forest showed higher RQI than those next to grasslands
and crops and human settlements. Riparian zones within secondary forest also had a higher woody species
richness and better substrate condition, whereas reaches adjacent to human settlements appeared paved and
eroded, exhibiting soil compaction. Species richness and diversity were positively correlated to the RQI
and were greater in riparian zones adjacent to secondary forest than in those next to human settlements.
Conclusions: While grazing and cultivation affect the riparian zone, expansion of urban areas has a greater
impact by reducing woody species richness and diversity, altering species composition and favoring soil
compaction and bank erosion, which results in reduced riparian quality.
Key words: Catchment, riparian zone, RQI, species composition, urbanization.
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Antecedentes: La vegetación riparia está influenciada fuertemente por los usos de suelo adyacentes. Aunque se sabe que los procesos de urbanización pueden afectar la composición de las especies leñosas y la
condición ecológica de la zona riparia, es necesario el entendimiento de las respuestas específicas a estos
procesos.
Hipótesis: La calidad de las zonas riparias está inversamente relacionada con el grado de urbanización de
zonas adyacentes, y los usos del suelo que propicien una cobertura forestal aseguran una condición menos
degradada y una diversidad mayor de especies.
Sitio de estudio y año del estudio: Cuenca del Río Sabinal, Chiapas, México, 2015.
Métodos: Se compararon medidas del Índice de Calidad Riparia (ICR) y la composición de especies
leñosas en tres condiciones de uso del suelo (bosque secundario, pastizales y cultivos y asentamientos
humanos).
Resultados: Las zonas riparias adyacentes a los bosques secundarios mostraron un ICR mayor que las
cercanas a pastizales y cultivos y asentamientos humanos. Las zonas riparias en los bosques secundarios
también tuvieron una condición de vegetación y suelo mejores, mientras que las riberas adyacentes a
asentamientos humanos se observaron pavimentadas y erosionadas, presentando compactación del suelo.
La riqueza y diversidad de especies se correlacionaron positivamente con el ICR y fueron mayores en las
zonas riparias adyacentes a los bosques secundarios que en zonas con asentamientos humanos.
Conclusiones: Aunque el pastoreo y el cultivo afectan la zona riparia, la expansión de las áreas urbanas
tiene mayor impacto al reducir la riqueza y diversidad de especies leñosas, alterando la composición de
especies, favoreciendo la compactación del suelo y erosión de los márgenes del río, resultando en una
calidad riparia menor.
Palabras clave: Composición de especies, cuenca, RQI, urbanización, zona riparia.
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iparian zones are recognized in landscapes as interfaces between terrestrial and aquatic ecosystems (Gregory et al. 1991). Riparian vegetation performs important ecological functions such
as provision of habitat and food for many species, regulation of shade and water temperature,
control of nutrient and sediment input into streams, provision of corridors for the movement of
biota, and stabilization of riverbanks (Naiman & Décamps 1997, Ewel et al. 2001, González
del Tánago & García de Jalón 2007). In addition, riparian zones provide spaces for recreational
purposes (Naiman et al. 2005). While riparian environments are among the most diverse and
complex biophysical ecosystems (Naiman et al. 1993), they are one of the most disturbed by
land use change (Charron et al. 2008). Conversion of native vegetation as result of land use
may be a valuable indicator of human disturbance and ecosystems condition (Wardrop et al.
2005). Responses of ecosystems to such conversions can vary depending on the type of land use
change and the spatial and temporal scales (Defries et al. 2004).
At the landscape level, land use changes can alter water chemistry and the hydrological and
physical conditions of the habitat, with repercussions for the biological integrity of fluvial ecosystems (Allan 2004). At the local level, vegetation is one of the most susceptible elements influenced by management and land use practices (Van de Kamp et al. 2013) and, among riparian
plant communities, woody vegetation exhibits the strongest relationship with physical factors
(Lyon & Gross 2005). Alterations in the vegetation community can occur due to introduction of
exotic species (Naiman et al. 2005), or through decline in species diversity and canopy coverage
(Moffatt et al. 2004).
In urban–rural contexts, riparian zones often show a severe degree of disturbance associated with human activity. Riparian vegetation of small streams draining rural and urban areas
is usually removed as result of utilizing this space for human development (Reis et al. 2015).
The rural–urban gradient perspective considers human influence in a continuous decrease, from
urban centers to more natural zones; this results in a larger geographical scale that enables accommodation of a city and its surroundings in a particular study (Niemelä 1999). This approach
recognizes that urbanization affects both the physical structure and the biotic components of the
ecosystem (McDonnell & Pickett 1990).
The Sabinal River basin, in southern Mexico, represents a useful system in which to study
riparian zones in an urban-rural context. This watershed has undergone important alterations in
its riparian vegetation due to fragmentation and land use change (Pineda-López et al. 2015). As
part of a metropolitan phenomenon that involves the incorporation of contiguous municipalities
into a central city (SEDESOL et al. 2012), this watershed is embedded within the metropolitan
zone of Tuxtla Gutiérrez, capital city of Chiapas State. The process of urbanization has transformed the fluvial networks, particularly in the central part of the city, where channeling has
reduced riparian forest cover to less than 40 % (Pineda-López et al. 2015).
In this study, the objectives were to: 1) evaluate the quality of the riparian zone under different adjacent land uses in three catchments with different degrees of urbanization; 2) examine
physical elements at local and landscape levels in order to describe alterations in the riparian
zone; and 3) compare the riparian woody vegetation among the study catchments. Our hypothesis is that the quality of riparian zones is inversely related to the degree of urbanization of adjacent areas, and land uses that provide forest cover ensures a less degraded condition (including
water, soil and vegetation) and greater species diversity. Moreover, human influence can alter
the physical attributes of the riparian zone and impact upon its woody species composition.
Materials and methods
Description of the study area. The Sabinal River basin is located in the state of Chiapas, in
Southern Mexico, and belongs to the hydrological region of the basin of the Grijalva and Usumacinta Rivers. It has a drainage area of 395 km2 and the length of the main channel is 38.4 km
from the headwaters to the confluence with the Grijalva River. Fifteen tributary streams feed this
system with a mean annual flow of 8 million m3 (INESA Unpublished report). Elevation ranges
from 400 to 1,320 m asl, with a predominant vegetation of tropical low deciduous and tropical low sub-deciduous forests (Miranda & Hernández-X 1963). The soils are leptosols (50 %)
with a very shallow surface horizon, followed by vertisols (17.3 %) on the lower parts, and ren181
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dzinas on the slopes. Two main climate types are present: warm subtropical Aw0, with a mean
annual temperature of 24-26 °C, and warm humid Aw1, with a mean annual temperature of
22-24 °C (García 1988). Mean annual precipitation ranges from 800 to 1,200 mm and the rainy
season extends from May through October, with September the month of greatest precipitation
(INESA Unpublished data).
For this study, three catchments, Sabinal, San Agustín and Chacona, were selected (Figure 1). These catchments were considered representative for the study since their streams flow
through similar disturbance gradients that include human settlements, rural zones with agricultural and livestock production and secondary vegetation derived from agriculture and pasture
(Pineda-López et al. 2015).
Study sites. A digital elevation model, with raster of 15 m and with the hydrographic network
(RH30E) at scale 1:50,000 (INEGI 2015), was used to delimit the study catchments using a geographic information system (ArcGIS10) with the Soil and Water Assessment Tool (ArcSWAT).
Those layers were superimposed on a land use map of the Ministry of Environment and Natural
History of Chiapas (Gordillo-Ruiz & Castillo-Santiago 2017). The study catchments encompass
different land use and cover categories as part of the highly disturbed Sabinal River basin (Table
1). Riparian vegetation was assessed within three land-use cover types: secondary forest (SF),
grasslands and crops (GC) and human settlements (HS). Primary forest was not found adjacent
to riparian zones of the three catchments; only secondary forest was measured.

Figure 1. Location of the Sabinal River basin and the three
study catchments (Sabinal,
San Agustín and Chacona) in
Chiapas, Mexico.
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Our sampling unit was the reach, one of the scales proposed by Frissell et al. (1986) to classify stream habitat systems. A reach is a homogeneous length of a stream that provides data on a
physical scale. It is useful for describing vegetation distributional patterns or community species
composition, and to assess the medium- and long-term effects of human activities in streams.
Fifteen sampling reaches of 100m in length were selected with a stratified random sampling
method (Mostacedo & Fredericksen 2000), considering accessibility, and with field validation
at the three catchments. As suggested by González del Tánago & García de Jalón (2007), prior
to field data collection, satellite images were used to assess and classified the type of valley,
confinement and reach type (Appendix 1).
Evaluation of riparian zones. Characterization was conducted in August 2015, following recommendations to evaluate small streams (Petersen 1992, Munné et al. 2003) and to maintain a
homogeneous length among reaches (González del Tánago et al. 2006, Rheinhardt et al. 2007).
However, stream and riparian corridor width was highly variable and limited in some reaches
by physical infrastructure (walls, fences, paths and roads) or changes in land use. To evaluate
the condition of the riparian zone, the Riparian Quality Index (RQI), proposed by González del
Tánago & García de Jalón (2006, 2011) was applied to each reach. The RQI method provides
a field format that allows a rapid characterization of the riparian zones as a preliminary step,
prior to the evaluation of their ecological condition. The RQI comprises seven attributes (RQI1RQI7); the first three attributes determine the physical structure of the riparian corridor, while
the remaining four are related to the functioning of the system (Table 2). The RQI was considered the most suitable method by which to evaluate the quality of the riparian zone because is
applied at the reach scale of the stream and considers the longitudinal, lateral and vertical spatial
dimensions. The assessment of RQI attributes was conducted systematically: attributes RQI1,
RQI2 and RQI3 were characterized at each riverbank separately, while attributes RQI4 to RQI7
were characterized jointly at both riverbanks (Table 2). RQI total values for each reach were obtained by summing the scores from the attributes. This method allows storage of the quantitative
information that has been collected in the field and that will subsequently be encapsulated using
a scoring system. It is not intended to find an underlying mechanism in the final relationship
obtained, but simply constitutes a systematic method of describing an ecological condition. The
condition of reaches was then evaluated on the scoring system from zero to 150 as indicated by
the RQI method.
Landscape and local physical variables. Landscape variables were related to topography and
climate, which influence the physical characteristics of ecosystems (Gordon et al. 2004). Fifteen
physical variables were taken from the database generated by the RQI method and classified as
continuous or categorical. The continuous variables were longitudinal slope, altitude, average
annual precipitation, drainage area, riparian strip width, channel width, bank height, canopy
cover, bank slope, eroded bank and substrate condition (presence of paving and compaction).
The categorical variables were age diversity, natural regeneration of vegetation, bank condition
and presence of leaf litter and organic matter. The methods for measuring those variables are
included in Appendix 2.

Table 1. Land use cover at the three study catchments in the Sabinal River, Mexico.
Land use (%)
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Sabinal

San Agustín

Chacona

Primary forest

12

10

24

Secondary forest

28

41

25

Grasslands and crops

43

19

39

Human settlements

16

28

11

Limestone quarry

0.5

0

0

Roads

0.5

0.7

0.3
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Table 2. Attributes of the Riparian Quality Index (RQI).
Structural attributes
RQI1

Dimensions of the riparian corridor

RQI2

Longitudinal continuity, coverage and patterns of distribution of the
riparian corridor

RQI3

Composition and structure of the riparian vegetation

Functional attributes
RQI4

Natural regeneration

RQI5

Condition of banks

RQI6

Lateral connectivity between the riparian zone and the channel

RQI7

Substrate and degree of alteration of the riparian corridor

Composition of woody species. Richness (S) and abundance of woody species were determined
through a census of all individuals (≥ 3 m in height) on both riverbanks at each of the 15 study
reaches. While reach lengths were similar for each site, there were differences in width due to
physical obstructions. Botanical samples of individual trees were collected and labeled, indicating locality, date and position along the riparian zone. Plant species and associated vegetation
were identified with support of herbarium specialists, floristic lists (Breedlove 1986) and databases of botanical collections (Missouri Botanical Garden: http://www.tropicos.org/; Smithsonian Institute, National Museum of Natural History: http://collections.nmnh.si.edu/search/
botany/ and NaturaLista: http://www.naturalista.mx/). The official list of Mexican threatened
species (SEMARNAT 2010) and the Red List of the International Union for Conservation
of Nature (IUCN 2015) were consulted to determine those species at some category of risk.
Data analysis. One-way ANOVA (P < 0.05) was performed to test for differences in the RQI
among catchments and land uses, and post hoc tests were conducted using Tukey´s HSD.
Bartlett´s test was used to estimate the homogeneity of variance, while normality was tested by
Shapiro-Wilk. These analyses were conducted performed using R Core Team (2015) with a 0.05
level of significance. To examine spatial patterns among catchments and land use cover, a Principal Components Analysis (PCA) was conducted. Data were standardized due to differences
in scale between the local and landscape physical variables; variables that presented bias in the
Draftsman Plot analysis of correlations (Clarke & Gorley 2006) were square root transformed.
The variable ‘abundance of trees’ was eliminated because it presented a strong correlation with
percentage of canopy cover (r > 0.90), as suggested by Clarke & Ainsworth (1993).
Analysis of species composition included calculation of richness and diversity of plant species. Diversity was calculated based on the Shannon-Wiener index (H´), and richness (S) as the
number of species in the community (Sunil et al. 2010). Values of H´ and S were compared
among catchments and land use by one-way ANOVA and when main effects were significant,
pairwise comparisons were conducted using Tukey´s HSD test.
A Detrended Correspondence Analysis (DCA) (Hill & Gauch 1980) was conducted to examine differences in the composition of species along a gradient of disturbance. Ordination
analysis was performed with the R software (version 3.1.3), using the vegan library (Oksanen
2013). Analysis of woody species involved differentiation of gallery forest, tropical low deciduous and tropical low sub-deciduous forests, and native, introduced and exotic species (Corbacho
et al. 2003). A permutational multivariate analysis of variance (PERMANOVA) (Anderson
2001) was used to test the hypothesis that there were no differences in the structure of the plant
community among the catchments and land use cover; statistical significance was tested under an unrestricted model using 9,999 permutations. When significant differences were found,
multiple comparisons were conducted and SIMPER analysis was performed to determine the
contribution of species to those differences (Clarke & Gorley 2006). Statistical analyses were
conducted using the PRIMER-E v.6 software with the PERMANOVA extension (Anderson et
al. 2008).
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Results
Characterization and evaluation of riparian zones. RQI values ranged from 16 to 112 (Table 3).
The highest values corresponded to reaches adjacent to secondary forest located in the Sabinal
catchment while the lowest values corresponded to reaches adjacent to human settlements of the
San Agustín and Sabinal catchments (Figure 2). The RQI showed significant differences among
land uses (F (2, 12) = 8.47, P = 0.005) and the Tukey HSD test indicated differences between the
reaches adjacent to secondary forest and human settlements (P = 0.004). RQI values among
catchments did not differ significantly.
RQI attributes ranged from bad to good conditions (Figure 3). Composition and structure of
the riparian vegetation, natural regeneration of species and lateral connectivity of the channel
with riparian zones, were mostly evaluated as being in a bad condition. Condition of the riverbanks were generally poor while longitudinal continuity obtained the highest score, showing a
range from poor to very good condition.
Landscape and local physical variables. PCA1 and PCA2 explained 38.5 and 20.2 % of the
variability, respectively (Figure 4). The PCA1 axis was associated with variables that provide
a more natural condition to the riparian zones (canopy cover, leaf litter and organic matter,
abundance of seedlings) and to the variable paving and compaction, which indicate alterations
to the natural substrate. Reaches with secondary forest were placed to the right in the graph,
associated with a more natural condition. Reaches adjacent to human settlements were placed
to the left of the graph, related to paved and compacted substrates (Figure 4). Most reaches of
the Sabinal catchment exhibited a more natural condition. In contrast, all reaches from the San
Agustín catchment exhibited paving and compaction. PCA2 distinguished variables that denote
the dimensions of the riparian corridor (channel width) and bank condition (height, slope and
erosion). The reaches of the Chacona catchment were strongly related to bank erosion. PCA3
featured landscape variables such as altitude and drainage area among its highest values.
Composition of woody species. 1,327 tree individuals were recorded within the three land use
types, belonging to 52 families, 104 genera and 143 species, of which nine are considered exotic
Table 3. Riparian Quality Index (RQI) scores and the ecological condition of fifteen reaches at the three study
catchments in the Sabinal River, Mexico. Land use abbreviations stand for: secondary forest (SF), grasslands
and crops (GC) and human settlement (HS).
ID

UTM Coordinates

Catchment

Land use

RQI1

River condition

1

472254 E, 1857862 N

Sabinal

HS

24

Bad

2

472854 E, 1858062 N

Sabinal

HS

31

Bad

3

472071 E, 1859693 N

Sabinal

GC

93

Moderate

4

470936 E, 1860468 N

Sabinal

SF

112

Good

5

473631 E, 1856128 N

Sabinal

SF

90

Moderate

6

475689 E, 1853868 N

Sabinal

SF

107

Good

7

479468 E, 1860968 N

Chacona

HS

60

Poor

8

481290 E, 1859949 N

Chacona

HS

44

Poor

9

480250 E, 1860584 N

Chacona

GC

50

Poor

10

481337 E, 1856344 N

Chacona

SF

62

Poor

11

477074 E, 1855608 N

San Agustín

HS

22

Bad

12

477690 E, 1855278 N

San Agustín

HS

28

Bad

13

481149 E, 1853385 N

San Agustín

HS

16

Bad

14

478905 E, 1855056 N

San Agustín

GC

32

Bad

15

478980 E, 1855391 N

San Agustín

SF

56

Poor

RQI scores: Very good condition: values from 150-130; good condition: 129-100; moderate condition: 9970; poor condition: 69-40; bad condition: 39-10 and extreme degradation: < 10).
1
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Figure 2. Comparison of mean Riparian Quality Index (RQI) scores among (A) land use: secondary
forest (SF), grassland and crops (GC) and human settlement (HS); and (B) the three study catchments
(Chacona, San Agustín and Sabinal) in the Sabinal River, Mexico. Average and standard deviation
values are shown. Different letters indicate significant (P < 0.05) differences.

and five are naturalized for the gallery forest (Appendix 3). The most abundant family was Fabaceae (17 %), followed by Moraceae (8 %). The species with the highest number of individuals
(95) was Taxodium huegelii. The reach adjacent to secondary forest in the Sabinal catchment
(ID 4) showed the highest number of species (53), 19 of which were found only at this site. The
reach with the lowest number of species (ID 13) is adjacent to human settlements in the San
Agustín catchment, and had eight species. Significant differences were detected among land
uses in richness (S), which was significantly higher in secondary forest (average 40 ± 9.36 species) than in human settlements (average 15 ± 6.82 species, P = 0.0004) and in the grasslands
and crops reaches (average 22 ± 8.14 species, P = 0.02). Diversity (H´) was significantly higher
in secondary forest (3.27 ± 0.37) than in human settlement reaches (2.25 ± 0.44) (P = 0.0012).
No significant differences were observed in richness or diversity among catchments. Richness
and diversity were positively correlated to the RQI (r2 = 0.72 and r2 = 0.71, respectively) (Figure
5). According to the IUCN (2015) threatened species list, the species Taxodium huegelii (before
T. mucronatum) is in the ‘least concern’ category, while Crossopetalum parviflorum is in the
‘near threatened’ category and Pistacia mexicana, Cedrela odorata and Swietenia humilis are in
the ‘vulnerable’ category. According to the Mexican official list of threatened species, Licania
arborea is considered a ‘threatened’ species and Croton guatemalensis is ‘subject to special
protection’.
Differences in the composition of species due to disturbance gradient. The DCA analysis showed
the distribution of species and reaches according to their longitudinal gradient. The gradient of
the DCA1 axis was 4.41 units of standard deviation in length, with the longest distance occurring between reaches four and 11. Sites that differ by four standard deviations are expected to
have no species in common (Ter Braak 1995), which was the case in this study. Non-riparian
tree species included Brosimum alicastrum, Dendropanax arboreus, Lonchocarpus rugosus,
Oreopanax geminatus, Piper arboreum, Platymiscium aff. pinnatum, Pterocarpus rohrii, EuFigure 3. Evaluation of the
Riparian Quality Index (RQI)
attributes at the 15 study
reaches on the Sabinal River,
Mexico.
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Figure 4. Principal Components Analysis (PCA) based
on local physical and spatial
variables that describe the
riparian zone of the Sabinal
River, Mexico, in three catchments: Sabinal, Chacona and
San Agustin (Long_slope,
longitudinal slope; Precipitation: annual average precipitation; Litter: litter and
organic matter abundance;
Canopy: canopy cover; Seedling: seedling abundance; Alt:
altitude; Width: width of the
riparian zone; Eroded_bank:
percentage of bank eroded;
Paved_comp: percentage of
bank paved or compacted).
Land use categories: secondary forest (SF), grassland and
crops (GC) and human settlement (HS).

genia xalapensis, Eugenia sp., Ficus insipida, F. pertusa and F. petiolaris (Figure 6). Riparian
species under more conserved forest conditions included Inga vera, Sapindus saponaria, Taxodium huegelii, Bursera simaruba, Ficus insipida, Manilkara zapota and Tabebuia rosea, while
species such as Cnidoscolus aconitifolius, Leucaena esculenta, Plumeria rubra and Zuelania
guidonia were common under more disturbed forest conditions (Espinosa-Jiménez et al. 2014).
Also found were indicator species of disturbed areas (Guazuma ulmifolia, Senna atomaria,
Carica papaya, Mutingia calabura) or those associated with livestock production (Acacia pennatula, Acacia sp., Cordia dentata, Heliocarpus reticulatus). Moreover, there were naturalized
species such as Annona diversifolia, Bixa orellana, Carica papaya, Cordia dodecandra and Heliocarpus reticulatus observed. There were species that are considered exotic or introduced, and
are mainly associated with human settlements (Bambusa vulgaris, Citrus aurantifolia, Citrus
sinensis, Eugenia jambos, Ficus benjamina, Jacaranda mimosifolia, Mangifera indica, Musa
paradisiaca and Ricinus communis). The DCA2 axis had a length of 3.4 units of standard deviation; this means that, despite the fact that there are opposite reaches in the graph, such as 7 and
12, they still contain species in common. From the 15 reaches, only three were in the negative
quadrant, associated with better riparian condition (secondary forest).
Composition of species at local or landscape level. Significant differences were found in the
plant community among catchments (PERMANOVA P = 0.0069, Pseudo-F = 1.76). Differences were found between Chacona and San Agustín catchments (P = 0.017) and between Sabinal and San Agustín catchments (P = 0.048). This analysis did not detect differences among
land uses (P > 0.08).
SIMPER indicated that the highest dissimilarity in species abundance and composition was
observed between Sabinal and San Agustín (81.4 %), followed by the Chacona and San Agustín
(79.5 %) and Sabinal and Chacona (76 %) catchments. These percentages of dissimilarity were
contributed by many species of low abundance. Greater contribution to those differences was
provided by Cordia dentata, Enterolobium cyclocarpum and Salix humboldtiana, which only
Botanical Sciences
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Figure 5. Positive correlation between the Riparian Quality Index (RQI), species richness (S) and diversity (H´) at the study reaches in the Sabinal River basin, Mexico.

occurred at the Chacona catchment. Mosannona depressa and Brosimum alicastrum were registered only in the Sabinal and San Agustín catchments. However, some species did contribute
to the similarity within each catchment (Table 4). The percentage of similarity was low (20-34
%) for the three groups. This indicates that only certain species were present in the different
land uses at each catchment. The Chacona and Sabinal catchments recorded a higher number
of species in common among land uses. San Agustín only reported three species that occur at
the three land uses evaluated and, of those, none was locally abundant. In Sabinal, Inga vera

Figure 6. Biplot graph of
Detrended Correspondence
Analysis (DCA). Acronyms
of species close to the green
numbers represent sites of
secondary forest, blue numbers represent sites of grassland and crops areas, and red
numbers represent human
settlements areas.
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was present at almost all sampled reaches, while Taxodium huegelii was present in few places
but in considerable abundance. Tabebuia rosea, Guazuma ulmifolia and Cordia dentata were
dominant at the Chacona catchment.
Discussion
In the context of an urban-rural gradient, landscape elements such as water bodies and riparian
vegetation experience strong human pressure. In Mexico, 73 % of the aquatic systems experience some type of contamination or degradation (Mendoza-Cariño et al. 2014). Differences in
RQI, local and landscape physical variables, and species composition suggest that the process
of land use change, associated with urban growth in the study zone, is altering the quality of the
riparian zone.
Our results indicated that adjacent land use influences the condition of the riparian zone, as
has been previously stated (Aguiar & Ferreira 2005, Kutschker et al. 2009, Meek et al. 2010).
As an example, riparian zones next to secondary forest were in better condition and showed
higher percentage values of canopy coverage, greater presence of leaf litter and organic matter
and a greater proportion of seedlings, compared to riparian reaches adjacent to areas of grasslands and crops and to human settlements. Such variables confer a more natural condition to the
Sabinal catchment and indicate lower human pressure (Corbacho et al. 2003). In contrast, riparian zones adjacent to areas of grasslands and crops presented mostly bad to moderate condition,
probably related to soil compaction caused by grazing and agricultural activities (Zepeda-Castro
et al. 2002, Valero et al. 2014).
Reaches adjacent to human settlements were the most heavily impacted, supporting previous
studies showing that urbanization is among the land uses that have more severe consequences
for riparian corridors (Kutschker et al. 2009). In our study, soil compaction and modification
of stream banks were the main impacts associated with urban areas. Paving and compaction
affect the water quality of streams (Paul & Meyer 2001, Walsh et al. 2005) and the ecological
functioning of riparian zones by altering their flood capacity and habitat availability (Lytle &
Merritt 2004, González del Tánago & García de Jalón 2006). In addition, paving and compaction increase the proportion of impervious surfaces, which are excellent indicators of the urbanization process intensity because they may enhance degradation of fluvial ecosystems (Walsh
et al. 2001, 2005, Wang et al. 2000). Reaches at the San Agustín catchment, which showed
the highest percentage of urban area, were associated with paving and compaction, even those
Table 4. Representative species at the three study catchments (Sabinal, Chacona and San Agustín) in the
Sabinal River, Mexico, based on their percentage of similarity. Sim/SD: it is the ratio between the average
similarity divided by the standard deviation. Contrib %: percent contribution of each species to the total
similarity. Cum %: cumulated percentages.
Group (Similarity)
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Species

Sim/SD

Contrib %

Cum %

Sabinal
26.17%

Inga vera
Taxodium huegelii
Tabebuia rosea
Sideroxylon persimile
Guazuma ulmifolia
Mosannona depressa
Brosimum alicastrum
Piper arboreum

3.15
0.76
0.78
1.32
0.72
0.74
0.78
0.77

11.18
10.25
6.20
6.15
5.56
4.68
4.32
4.26

11.18
21.43
27.63
33.79
39.35
44.03
48.35
52.51

Chacona
34.12%

Tabebuia rosea
Guazuma ulmifolia
Cordia dentata
Daphnopsis americana
Lonchocarpus rugosus
Salix humboldtiana

3.14
3.52
4.47
0.90
0.88
0.90

13.49
10.48
9.60
8.63
7.79
5.95

13.49
23.96
33.56
42.19
49.98
55.93

San Agustín
20.54%

Mangifera indica
Guazuma ulmifolia
Tabebuia rosea

1.05
1.00
0.98

17.69
16.94
16.92

17.69
34.63
51.55

189

96 (2): 180-199, 2018

Díaz-Pascacio et al.

adjacent to secondary forest. This could be related to the recreational use of the riparian zone
within secondary forest reaches in San Agustín, where the passage of vehicles and people generates soil compaction and alters the structure of the riparian vegetation with little or null seedling
recruitment (González del Tánago & García de Jalón 2007).
Modification of stream banks occurs primarily through the widening of channels (Gregory
et al. 1992), elevation of the bank and construction of levees and walls that can alter flow patterns (Rodríguez & Ramírez 2014). Riparian zones adjacent to human settlements at the Sabinal
and San Agustín catchments exhibited such alterations. However, the banks at the Chacona
catchment were less altered because their riparian reaches appeared to be an extension of the
backyards of adjacent houses. Such riparian zones showed a greater relationship with eroded
banks that is indicative of high flows and bank instability (Harding et al. 2009). For this catchment, management to improve the riparian vegetation could provide greater stability, since
banks with no vegetation are more prone to erosion (Naiman & Décamps 1997).
An anthropic effect on the riparian vegetation was observed on the species diversity and
composition of the woody plant community. The greatest richness and diversity of species was
found in reaches adjacent to secondary forest, followed by grasslands and crops and human
settlements. Such patterns can be related to the effects of land use change and occupation of the
riparian zone (Aguiar & Ferreira 2005, Meek et al. 2010, Méndez-Toribio et al. 2014). The positive relationship between the quality of the riparian zone (RQI) and species richness and diversity support the hypothesis that less degraded riparian areas hold greater species diversity. This
may also suggest the presence of a riparian species diversity associated to sites located distant
from human settlements, a condition that is increasingly infrequent in the Sabinal river basin.
Species included in some category of conservation management, such as Pistacia mexicana
(‘special protection’ category) and Taxodium huegelii (‘least concern’ category), can be found
along conserved portions of the upper and middle parts of the Sabinal River basin. At the same
time, those species appear as relicts occurring in disturbed zones with remnant vegetation in the
lower part of the catchment. This suggests that conservation and restoration strategies should
focus not only on sites with good conservation status, but also consider zones under high human
pressure, in order to attain longitudinal connectivity along the riparian corridor.
Reaches within secondary forest allowed an assemblage composed of native species associated with the riparian zone. Along the land use gradient, native species are replaced by introduced
species, as well as mixing with adjacent vegetation. This implies that the loss of vegetation due
to the establishment of agriculture and urbanization can result in fragmentation, provoking an
edge effect and causing alteration in abiotic conditions such as light intensity, air temperature,
moisture and water and nutrient flows (Murcia 1995), which can ultimately modify species
composition. Urbanization appears to be an important factor affecting species composition and
may explain the significant differences detected between San Agustín, Sabinal and Chacona
catchments. San Agustín catchment still has some forest fragments in its drainage area (Table
1); however, this does not necessarily imply that those areas are well conserved, considering
the pressure of land conversion to urban areas (Pineda-López et al. 2015). In addition, changes
in the soil conditions of urban zones, including acidification and presence of pollutants, can
also affect species composition (Huang et al. 2013). Likewise, the higher occurrence of exotic
species in areas of human settlements probably responds to the higher human disturbance and
potential introduction through people using riparian zones (Sunil et al. 2010). This situation
leads to the gradual replacement of native for allochthonous species, affecting the composition
and diversity of the native plant community (Burton et al. 2005, Rodríguez-Téllez et al. 2012,
White et al. 2014).
The results of the diversity analysis illustrate the potential role of rural and urban zones in
contributing to diversity at landscape level. The heterogeneity of environments is reflected by
the low percentage of similarity, which implies a small number of species commonly shared
among different land uses (Rodríguez 2009). PERMANOVA analysis detected that the plant
community at San Agustin differs from that of the Sabinal and Chacona catchments. These
differences can be related to the higher percentage of urbanization in the San Agustin catchment and its shorter distance to the core area of the metropolitan zone of Tuxtla Gutiérrez,
which probably results in less woody vegetation in the riparian zone. In addition, the species
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Mangifera indica, which appeared abundantly in the San Agustin catchment, indicates greater
human pressure. On the other hand, common species among the three catchments, such as Tabebuia rosea and Guazuma ulmifolia, are indicative of secondary forest species that denote a
degree of disturbance. Complementarily, there were found species in the urban reaches that are
originated from primary forests (e.g., Stemmadenia donnell-smithii, Tabebuia rosea, Cordia alliodora, Diospyros digyna, Taxodium huegelii, among others), which could be dispersed by the
river from the upper catchment (Hyslop & Trowsdale 2012). Local and disseminated species in
each of the catchments could be providing the structure of the plant community and their role in
riparian restoration should be investigated in greater detail.
In riparian zones is pertinent to explore premises such as those formulated by McMahon
& Cuffney (2000) about how the landscape characteristics do not simply reflect the physical
and geographic context, but also management decisions associated with the needs of the people that live in the catchment. For this reason, management and conservation strategies should
be developed at a local level, with the understanding and involvement of all relevant stakeholders.
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Appendix 1. Characterization of the study sections of each catchment through RQI index. ID: Alt: Altitude (m asl), FR: Flow rate, P: Perennial, I:
Intermittent, Chnl Ord: Channel order, RZ land use: Riparian zone land use, Ad Use: Adjacent land use, HS: Human settlement, GC: Grassland
and crops, SF: Secondary forests.
ID

Catchment

Type of valley

Alt

FR

Chnl Ord

RZ land use

Ad Use

1

Sabinal

Narrow type 2 not confined

2

Sabinal

Narrow type 2 not confined

860

I

856

P

3

Backyard, Garbage area

HS

3

Trail, Backyard

3

Sabinal

Narrow type 2 partially confined

874

HS

P

2

Crops

GC

4
5

Sabinal

Narrow V shape, type 1-A

Sabinal

Narrow U shape, type 1-C

917

P

1

Recreational Area, Trail

SF

817

P

4

-

SF

6

Sabinal

7

Chacona

Narrow U shape type 1-C

692

P

4

Trail

SF

Narrow type 2

831

I

3

Backyard, Paddock

HS

8
9

Chacona

Narrow U shape type 1-C

810

I

3

Recreational Area, Parking lot, Backyard

HS

Chacona

Narrow type 2

825

I

3

Paddock

GC

10

Chacona

Narrow U shape type 1-C

661

I

3

Crops

SF

11

San Agustin

Narrow type 2

702

I

3

Backyard, Paddock, Parking lot, Garbage area

HS

12

San Agustin

Narrow U shape type 1-C

691

I

3

Trail, Parking lot, Garbage area

HS

13

San Agustin

Narrow type 2

612

P

3

Trail

HS

14

San Agustin

Narrow type 2

669

P

2

Crops and paddock

GC

15

San Agustin

Narrow Type 2

634

P

2

Recreational area, Parking lot

SF

Appendix 2. Methods used for the characterization of environmental variables for calculating the RQI index. The measurements were carried out
on both margins, and at the beginning, middle and end of each section.
Environmental variables

Unit

Measuring instrument

Method

Dimensions: width, channel and
bank height

m

Measuring tape

González del Tánago & García
de Jalón 2011

Slope bank

Grades (°)

Clinometer

Harding et al. 2009

Canopy coverage

%

Spherical densiometer

Lemmon 1957

Eroded bank

%

Visual

González del Tánago & García
de Jalón 2011

Substrate compacted, revetment
or paved

%

Visual

González del Tánago & García
de Jalón 2011

Age diversity and natural
regeneration

Abundance of seedlings and adult
individuals

Abundant, occasional or absent

Quadrant 2x2 m (Mostacedo &
Fredericksen 2000)

Litter coverage and organic matter

Abundance

Abundant, occasional or absent

Visual

Bank condition

Categories of Naturalness

Natural, incision, revetment,
channelized

González del Tánago & García
de Jalón 2011

Landscape variables

Unit

Measuring instrument

Method

Longitudinal slope

Grades (°)

Slope difference DEM

SIG

Average precipitation

mm

WorldClim BIO13

SIG

Drainage area

km2

SIG

SIG - Soil and Water Assessment
Tool (ArcSWAT)

Altitude

UTM

GPS

-

Standard photo method (McGarry
2004)
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Appendix 3. List of woody species found in the riparian zones according to their presence by land use: SF = Secondary forest, GC = Grassland and
crops, HS = Human settlements.
Family

Scientific name

Acronym

SV

GC

HS

Anacardiaceae

Mangifera indica L.*

Mang_ind

X

X

X

Anacardiaceae

Pistacia mexicana Kunth

Pist_mex

X

X

Anacardiaceae

Spondias mombin L.

Spon_mom

X

X

Anacardiaceae

Spondias purpurea L.

Spon_pur

X

X

Anacardiaceae

Comocladia guatemalensis Donn. Sm.

Spon_sp.

X

Annonaceae

Annona diversifolia Saff.*

Anno_div

X

Annonaceae

Annona lutescens Saff.

Anno_lut

X

Annonaceae

Annona purpurea Moc. & Sessé ex Dunal

Anno_pur

X

Annonaceae

Annona sp.

Anno_sp.

X

Annonaceae

Mosannona depressa (Baill.) Chatrou

Mosa_dep

X

Annonaceae

Rollinia sp.

Roll_sp.

X

Annonaceae

Sapranthus sp.

Sapr_sp.

X

Apocynaceae

Plumeria rubra L.

Plum_rub

X

Apocynaceae

Stemmadenia donnell-smithii (Rose) Woodson

Stem_don

X

Araliaceae

Dendropanax arboreus (L.) Decne. & Planch.

Dend_arb

X

Araliaceae

Oreopanax xalapensis (Kunth) Decne. & Planch.

Oreo_xal

X

Arecaceae

Arecaceae sp.

Arec_sp.

Asparagaceae

Yucca guatemalensis Baker

Yucc_gua

X

Asteraceae

Montanoa seleriana B.L. Rob. & Greenm.

Mont_sel

X

Bignoniaceae

Amphitecna aff. montana L.O. Williams

Amph_aff

X

Bignoniaceae

Godmania aesculifolia (Kunth) Standl.

Godm_aes

X

Bignoniaceae

Jacaranda mimosifolia D. Don*

Jaca_mim

Bignoniaceae

Tabebuia rosea (Bertol.) DC.

Tabe_ros

Bixaceae

Bixa orellana L.*

Bixa_ore

Boraginaceae

Cordia alliodora (Ruiz & Pav.) Oken

Cord_all

X

Boraginaceae

Cordia dentata Poir.

Cord_den

X

Boraginaceae

Cordia dodecandra DC.*

Cord_dod

Boraginaceae

Cordia sp.

Cord_sp.

Boraginaceae

Ehretia tinifolia L.

Ehre_tin

Burseraceae

Bursera bipinnata (DC.) Engl.

Burs_bip

Burseraceae

Bursera simaruba (L.) Sarg.

Burs_sim

X

Cannabaceae

Trema micrantha (L.) Blume

Trem_mic

X

Capparaceae

Capparis admirabilis Standl.

Capp_adm

X

Capparaceae

Capparis aff. pringlei Briq.

Capp_aff

X

Capparaceae

Capparis sp.

Capp_sp.

X

Caricaceae

Carica papaya L.*

Cari_pap

X

Celastraceae

Crossopetalum parviflorum (Hemsl.) Lundell

Cros_par

X

Celastraceae

Gyminda tonduzii Loes.

Gymi_ton

X

Celastraceae

Salacia sp.

Sala_sp.

X

Chrysobalanaceae

Licania arborea Seem.

Lica_arb

X

Costaceae

Costus sp.

Cost_sp.

X

Ebenaceae

Diospyros digyna Jacq.

Dios_dig

Ebenaceae

Diospyros salicifolia Humb. & Bonpl. ex Willd.

Dios_sal

X

Euphorbiaceae

Cnidoscolus aconitifolius (Mill.) I.M. Johnst.

Cnid_aco

X
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Appendix 3. Continuation.
Family

Scientific name

Acronym

SV

GC

Euphorbiaceae

Croton guatemalensis Lotsy

Crot_gua

X

X

Euphorbiaceae

Croton sp.

Crot_sp.

X

X

Euphorbiaceae

Ricinus communis L.*

Rici_com

Fabaceae

Acacia collinsii Saff.

Acac_col

X

X

Fabaceae

Acacia cornigera (L.) Willd.

Acac_cor

X

X

Fabaceae

Acacia farnesiana (L.) Wight & Arn.

Acac_far

X

Fabaceae

Acacia pennatula (Schltdl. & Cham.) Benth.

Acac_pen

X

X

Fabaceae

Acacia sp.

Acac_sp.

Fabaceae

Acosmium panamense (Benth.) Yakovlev

Acos_pan

X

X

Fabaceae

Andira inermis (W. Wright) Kunth ex DC.

Andi_ine

X

X

Fabaceae

Bauhinia divaricata L.

Bauh_div

X

Fabaceae

Dalbergia sp.

Dalb_sp.

X

Fabaceae

Enterolobium cyclocarpum (Jacq.) Griseb.

Ente_cyc

X

Fabaceae

Gliricidia sepium (Jacq.) Kunth ex Walp.

Glir_sep

Fabaceae

Inga vera Willd.

Inga_ver

Fabaceae

Leucaena esculenta (Moc. & Sessé ex DC.) Benth.

Leuc_esc

Fabaceae

Leucaena sp.

Leuc_sp.

X

Fabaceae

Lonchocarpus rugosus Benth.

Lonc_rug

X

Fabaceae

Lonchocarpus sp.

Lonc_sp.

X

Fabaceae

Machaerium riparium Brandegee

Mach_rip

Fabaceae

Pithecellobium lanceolatum (Humb. & Bonpl. ex Willd.) Benth.

Fabaceae

Platymiscium aff. pinnatum (Jacq.) Dugand

Fabaceae
Fabaceae

HS

X

X
X
X
X
X
X

X

X

X
X

X

X

X

X

X

Pith_lan

X

X

X

Plat_aff

X

Platymiscium dimorphandrum Donn. Sm.

Plat_dim

X

X

X

Pterocarpus rohrii Vahl

Pter_roh

X

Fabaceae

Senna atomaria (L.) H.S. Irwin & Barneby

Senn_ato

X

X

X

Flacourtiaceae

Zuelania guidonia (Sw.) Britton & Millsp.

Zuel_gui

X

X

Hernandiaceae

Gyrocarpus mocinoi Espejo

Gyro_moc

X

Lauraceae

Licaria sp.

Lica_sp.

X

Lauraceae

Nectandra aff. salicifolia (Kunth) Nees

Nect_aff

X

Lauraceae

Ocotea sp.

Ocot_sp.

Lauraceae

Persea americana Mill.*

Pers_ame

X

Malpighiaceae

Bunchosia lanceolata Turcz.

Bunc_lan

X

Malvaceae

Guazuma ulmifolia Lam.

Guaz_ulm

X

Malvaceae

Malvaviscus arboreus Cav.

Malv_arb

X

Meliaceae

Cedrela odorata L.*

Cedr_odo

X

Meliaceae

Guarea glabra Vahl

Guar_gla

X

Meliaceae

Swietenia humilis Zucc.

Swie_hum

X

X

Meliaceae

Trichilia havanensis Jacq.

Tric_hav

X

X

Menispermaceae

Hyperbaena mexicana Miers

Hype_mex

X

Moraceae

Brosimum alicastrum Swartz

Bros_ali

X

Moraceae

Ficus benjamina L.*

Ficu_ben

Moraceae

Ficus cotinifolia Kunth

Ficu_cot

Moraceae

Ficus insipida Willd.

Ficu_ins

Moraceae

Ficus maxima Mill.

Ficu_max

Moraceae

Ficus obtusifolia Kunth

Ficu_obt
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Appendix 3. Continuation.
Family

Scientific name

Acronym

SV

Moraceae

Ficus pertusa L. f.

Ficu_per

X

Moraceae

Ficus petiolaris Kunth

Ficu_pet

X

Moraceae

Ficus sp. 1

Ficu_sp.

X

X

Moraceae

Ficus sp. 2

Ficu_sp.

X

X

X

Moraceae

Trophis racemosa (L.) Urb.

Trop_rac

X

Muntingiaceae

Muntingia calabura L.

Munt_cal

X

X

X

Musaceae

Musa paradisiaca L.

Musa_par

X

X

Myrsinaceae

Ardisia escallonioides Schltdl. & Cham.

Ardi_esc

X

X

Myrsinaceae

Parathesis donnell-smithii Mez

Para_don

X

X

Myrtaceae

Calyptranthes chiapensis Lundell

Caly_chi

X

Myrtaceae

Eugenia jambos L.*

Euge_jam

X

Myrtaceae

Eugenia rhombea (O. Berg) Krug & Urb.

Euge_rho

X

Myrtaceae

Eugenia sp.

Euge_sp.

X

Myrtaceae

Eugenia xalapensis (Kunth) DC.

Euge_xal

X

Nyctaginaceae

Pisonia aculeata L.

Piso_acu

X

Oleaceae

Fraxinus purpusii Brandegee

Frax_pur

Phyllanthaceae

Phyllanthus sp.

Phyl_sp.

X

Piperaceae

Piper arboreum Aubl.

Pipe_arb

X

Poaceae

Bambusa vulgaris Schrad. ex J.C. Wendl.*

Bamb_vul

Polygonaceae

Coccoloba barbadensis Jacq.

Cocc_bar

X

Polygonaceae

Coccoloba floresii Jacq.

Cocc_flo

X

Polygonaceae

Coccoloba sp. 1

Cocc_sp.

X

Polygonaceae

Coccoloba sp. 2

Cocc_sp.

X

Primulaceae

Jacquinia aurantiaca W.T. Aiton

Jacq_aur

X

Rubiaceae

Coutarea hexandra (Jacq.) K. Schum.

Cout_hex

X

Rubiaceae

Exostema aff. mexicanum A. Gray

Exos_aff

X

Rubiaceae

Hamelia patens Jacq.

Hame_pat

X

Rubiaceae

Hoffmannia ghiesbreghtii (Lem.) Hemsl.

Hoff_ghi

X

Rubiaceae

Psychotria sp.

Psyc_sp.

X

Rubiaceae

Randia aculeata L.

Rand_acu

X

Rutaceae

Amyris balsamifera L.

Amyr_bal

X

Rutaceae

Citrus aurantifolia Swingle*

Citr_aur

X

Rutaceae

Citrus sinensis (L.) Osbeck*

Citr_sin

X

Salicaceae

Salix humboldtiana Willd.

Sali_hum

Sapindaceae

Sapindus saponaria L.

Sapi_sap

X

Sapindaceae

Talisia oliviformis (Kunth) Radlk.

Tali_oli

X

Sapotaceae

Chrysophyllum mexicanum Brandegee ex Standl.

Chry_mex

X

Sapotaceae

Chrysophyllum sp.

Chry_sp.

X

Sapotaceae

Manilkara zapota (L.) P. Royen

Mani_zap

X

Sapotaceae

Pouteria campechiana (Kunth) Baehni

Pout_cam

X

Sapotaceae

Pouteria sp.

Pout_sp.

X

Sapotaceae

Sideroxylon capiri subsp. tempisque (Pittier) T.D. Penn.

Side_cap

X

Sapotaceae

Sideroxylon persimile (Hemsl.) T.D. Penn.

Side_per

X

Solanaceae

Solanum sp.

Sola_sp.

X

Styracaceae

Styrax argenteus C. Presl

Styr_arg

X
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Appendix 3. Continuation.
Family

Scientific name

Acronym

SV

GC

HS

Taxodiaceae

Taxodium huegelii C. Lawson.

Taxo_muc

X

X

X

Thymelaeaceae

Daphnopsis americana (Mill.) J.R. Johnst.

Daph_ame

X

X

X

Tiliaceae

Heliocarpus reticulatus Rose*

Heli_ret

X

Ulmaceae

Aphananthe monoica (Hemsl.) Leroy.

Apha_mon

X

Urticaceae

Cecropia obtusifolia Bertol.

Cecr_obt

X

X

X

Urticaceae

Coussapoa purpusii Standl.

Cous_pur

X

Urticaceae

Myriocarpa longipes Liebm.

Myri_lon

X

Urticaceae

Urera sp.

Urer_sp.

X

Vitaceae

Vitis tiliifolia Humb. & Bonpl. ex Schult.

Viti_til

X

X

*exotic or cultivated
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