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ABSTRACT. Changes in the landscape where watersheds are located may affect the stream biota in different ways. In order to explore this idea, we
collected freshwater crabs of the genus Aegla Leach, 1820 in subtropical region of southern Brazil. We also measured a number of landscape features and
physico-chemical variables in the collection streams and surroundings in order to ascertain which factors affect the occurrence of these crustaceans. A total
of 167 individuals of Aegla were collected in 21 streams. The collection was comprised of three species: 4. odebrechtii, A. platensis, and A. singularis.
The occurrence of 4. platensis was influenced by physico-chemical variables (total carbon and total organic carbon) and stream morphometry factors
(level curves sum). The occurrence of A. singularis was influenced by land use (pasture and exposed soil and agriculture) and the stream morphometry
(level curves sum). Only a small number of A. odebrechtii were collected and their occurrence was influenced by land use (pasture and exposed soil
and agriculture). The topography of the area studied limits the types of land use and areas that are less favorable for agriculture (more hilly areas) are
have more riparian vegetation (or less anthropic stress). As a result, these areas are less subject to changes in water quality, which is reflected in the
distribution of Aegla species.

KEYWORDS: Limnological factors, stream morphometry, land-use, anthropization, agriculture.

RESUMEN. ;El paisaje que rodea los arroyos afecta la ocurrencia de los cangrejos de agua dulce? Estudio de caso del género Aegla (Crustacea:
Decapoda: Anomura) en cuencas subtropicales. Los cambios en el paisaje donde se ubican las cuencas hidrograficas pueden afectar la corriente de
diferentes maneras. Con el fin de explorar esta idea, se recogieron los cangrejos de agua dulce del género Aegla Leach, 1820 en la region subtropical
del sur de Brasil. También se midi6 una serie de caracteristicas del paisaje y las variables fisico-quimicas en los arroyos de coleccion y el entorno con
el fin de determinar qué factores afectan la ocurrencia de estos crustaceos. Un total de 167 individuos de Aegla fueron recolectados en 21 arroyos. La
coleccion estaba compuesta por tres especies: A. odebrechtii, A. platensis y A. singularis. La ocurrencia de A. platensis estuvo influenciada por variables
fisicoquimicas (carbono total y carbono organico total) y morfometria (suma de curvas de nivel). La ocurrencia de 4. singularis estuvo influenciada por
el uso de la tierra (pastos y suelo expuesto y agricultura) y la morfometria (suma de curvas de nivel). S6lo un pequefio numero de 4. odebrechtii fueron
recolectados y su ocurrencia fue influenciada por el uso de la tierra (pastos y suelo expuesto y la agricultura). La topografia del area estudiada limita
los tipos de uso de la tierra y las dreas menos favorables para la agricultura (zonas mas montafosas) tienen mas vegetacion riberefia (0 menos estrés
antropico). Como resultado, estas areas estdn menos sujetas a cambios en la calidad del agua, lo que se refleja en la distribucion de las especies de Aegla.

PALABRAS CLAVE. Factores limnoldgicos, morfometria de arroyos, uso de la tierra, antropizacion, agricultura.

The maintenance of diversity and the function of
aquatic ecosystems are closely associated with habitat
conservation, the environment, and the maintenance of
natural energy flow regimes (POFF et al., 1997; ELOSEGI &
SABATER, 2013). Aquatic environments reflect the land uses
that occur in their drainage areas (SENSOLO ef al., 2012), and
thereby become vulnerable to environmental degradation
(VOROSMARTY et al., 2010; WOODWARD et al., 2012). Thus,
the quality of these environments is related to anthropogenic
practices developed in their watersheds (NGOYE & MACHIWA,
2004; FoLEY et al., 2005; Bu et al., 2014; KNYSH, et al.,
2016). Urbanization, agriculture and industrial activities
generate changes in the physical, chemical, and biological

characteristics of aquatic environments through the removal
of riparian vegetation and the input of nutrients, organic
matter, pesticides, and heavy metals (KaANG et al., 2010;
Souza et al., 2013; THEODOROPOULOS et al., 2015; KNYSH
etal., 2016).

Studying the morphometry characteristics of a river
basin, along with land use in the area, can aid in assessing
the possible effects of disturbances in the ecosystem and
identifying the areas of greatest weakness for anthropization
(OLIVEIRA et al., 2008; OLSZEVSKI ef al., 2011). Hydro-
geomorphologic or morphometry factors that related to
environmental vulnerability include features such as drainage
density, roundness index, and average steepness. These
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factors can encourage human activities in the catchment
area intensifying erosion and interfering with the dynamics
of surface water resources (OLIVEIRA et al., 2008; SANTOS &
SOBREIRA, 2008). These morphometric characteristics may
also be associated with the occurrence and distribution of
aquatic organisms (RIBEIRO & SALOMAO, 2003).

Studies have found that various aquatic organisms
respond differently to changes in land use (SENSOLO ef al.,
2012; DE TonI et al., 2014; FERREIRA et al., 2014; TERESA
et al., 2015; RIBEIRO et al., 2016). However, studies on
the effects of such changes in land use and the landscape
morphometry of drainage areas on crustaceans are still
incipient. Some studies on the conservation of the South
American freshwater crayfish [ Parastacus pugnax (Poeppig,
1835)] have revealed that this crustacean responds negatively
to pollution resulting from urbanization, industrialization,
agricultural practices, and siltation linked to deforestation
(Buckup, 2010; ALMERAO et al., 2015). TREVISAN et al.
(2009) found that for some species of Aegla Leach, 1820
shows sensitivity to changes in land uses, and these species
change their occurrence as a function of human occupation
of the drainage area of streams. Corroborating this statement,
DALOSTO & SANTOS (2011) have also recorded the sensitivity
of decapods to land use, observing declining populations in
response to the presence of pesticides in river basins.

The southern of Brazil presents an expressive area
used by agriculture (DECIAN ef al., 2009) and these activities
fragments the environments damaging the aquatic biota (Hepp
et al., 2010), we carry out this study with species of Aegla.
Crabs of genus Aegla are endemic to southern South America,
occurring in the river basins of southern Brazil, Uruguay,
Argentina, southern Bolivia, Paraguay, and south-central
Chile (GONGALVES ef al., 2006). The genus has 83 extant
species that usually have very limited distributions (SANTOS
et al.,2017). This factor, combined with rapid environmental
degradation of aquatic environments, makes these crustaceans
a source of significant concern for conservation with almost
70% of species under some level of threat (MARCHIORI et al.,
2014; SANTOS et al., 2017; CRIVELLARO et al., 2018). Thus,
in this study, we assess the occurrence of Aegla species in
streams located in the southern Brazil. The main question
of this work was: does the landscape surrounding streams
affect the occurrence of freshwater crabs? In addition, we
evaluated the variation of limnological variables, stream
morphometry characteristics, and land cover in drainage
watersheds of streams and their effects on the occurrence
of aeglids. We expect that the influence of land use in the
drainage basins of the streams is regulatory factor of the
occurrence of aeglids.

MATERIAL AND METHODS

Study area. The study was conducted in southern
Brazil, in streams located in the upper portion of the Uruguay
River basin (27°12°59S, 52°48’12”W and 28°00°47”S,
51°49°34”W, Fig. 1). The altitude varies between 270 - 800
m (a.s.l.), with an average annual temperature of 17.6°C and

average precipitation of 1912 mm (BERNARDI & BUDKE,
2010). The climate is subtropical type Cfb of K&ppen
(ALVARES et al., 2013). The region is part of the Atlantic
Forest Domain and the vegetation consists of a mixture of
subtropical forest and mixed rain forest (OLIVEIRA-FILHO
et al., 2015). With less than 10% of its original coverage,
the Atlantic Forest is considered one of the hotspots for
conservation priorities (MYERS et al., 2000). The landscape
presents diversified land use, with strong anthropic pressure.
About 75% of the area is used for agriculture and there is
a low percentage of forest remaining (< 20%) (DECIAN ef
al., 2009).

Collection of Aegla. We captured specimens in 21
streams (<4* order) not connected distributed throughout
the study area (Fig. 1). Specimens were collected with the
use of a hand net (0.5 mm mesh) for about 30 minutes per
stream in a stretch of water about 40 m long. The different
types of substrates founds (e.g. stones, leaves, twigs, marginal
aquatic vegetation) were also collected from each location.
We adopted this method to try to understand all the possible
habitats of these organisms. We fixed the individuals caught
with 70% alcohol and identified the species according to
Bonp-Buckur & Buckur (1994). After identification,
specimens were listed in the collection of Museu Regional
do Alto Uruguai — URI Erechim.

Physico-chemical and landscape variables.
According to previous studies, the general anthropic activities
observed in the study region (eg agriculture and urbanization)
have a significant contribution of organic matter, nutrients
and metals (HEpP & SANTOS, 2009; HEPP ef al., 2010;
SENSOLO et al., 2012). In this way, we chose to quantify
the electrical conductivity, total nitrogen, total carbon,
organic carbon, and inorganic carbon variables and use
them as limnological descriptors. Thus, we collected water
samples for quantification of varying electrical conductivity
(Condutivitymeter brand Marconi, model MA-521), total
nitrogen, total carbon, organic carbon, and inorganic carbon
(Analyser TOC Shimadzu®). Our collection and analysis
procedures followed the methods described in Standard
Methods (APHA, 1998).

We used images of digital dataset, from the LANDSAT
TM Platform 8, from the INPE (Instituto Nacional de
Pesquisas Espaciais), dated September 18, 2015. Digital
processing of satellite images was performed in order to
improve the enhancement of color, brightness and contrast
to analyze the patterns of land use and occupation. For the
georeferencing of satellite images, coordinates were collected
(SIRGAS 2000 UTM coordinate system and 22S spindle,
with a final presentation scale of 1: 50,000). Afterwards, the
digital classification module supervised by the Maximum
Likelihood method (MaxVer) of the IDRISI ANDES
Application was applied. Kappa index and terrestrial truth
were applied to ascertain the sampling patterns (obtaining
an optimal index, greater than 94%).

The categorization of land use and land cover was
adapted from the systematic classification of the Land
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Fig. 1. Map of the study area in state of Rio Grande do Sul, southern Brazil showing land uses and the location of sampling sites (1 through 21) in the

northern, central and southern regions.

Used Technical Manual, proposed by Instituto Brasileiro
de Geografia e Estatistica. We quantified stream morphometry
variables following the methods of CHRISTOFOLETTI (1980)
and MACHADO et al. (2009). We measured the drainage area
(A), perimeter (P), drainage density (Dd), total length of
the channels (CTC), circularity index (Ic), average slope
(Dm), rugosity coefficient (RN), gradient of the main river
(G), the sum of level contours (SCN), and the length of the
main channel (CCP). More details on these variables see
Appendix 1.

Data analysis. To evaluate the differences between
the environmental variables of the streams located in different
parts of the study area, we used analysis of variance with
an a posteriori Tukey test. Further, we use Pearson linear
correlation between variables to determine the association

between them, especially to explain the relationship between
hydro-geomorphological structure and land uses.

To assess the effects of physico-chemical variables
and landscape on the occurrence of crustaceans we began
with a Principal Component Analysis (PCA) to summarize
the variation generated by the variables measured in the
stream morphometry (i), physico-chemical variables (ii), and
land cover (iii) matrices. From the analyses, we extracted
the scores of the first principal component of each PCA to
constitute a new explanatory matrix containing a summary of
stream morphometry information, physico-chemical variables
and land cover. We used this procedure to eliminate linearity
of variables and avoid distortions in the analysis. With this
new explanatory matrix, we performed a Redundancy
Analysis (RDA) to assess the effects of these variables on
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the occurrence of aeglid species in streams. To carry out the
analysis we used the software R (R Corg TEaM, 2013) and
functions of the ‘vegan’ package (OKSANEN et al., 2010).

RESULTS

Physico-chemical and landscape variables.
Among all of the environmental variables studied (stream
morphometry, land cover, and physico-chemical), only
the declivity, total nitrogen in the water, exposed soil/
agriculture, and pastures showed variation among the three
regions studied (Fig. 2; Appendix 1). The declivity of the
streams was significantly different between the three regions
studied (F, | = 6.64, P=0.007). The streams located in the
northern region (29.5+1.0 %; average+SE) showed greater
declivity that the streams in the south (16.3£3.1 %). The
total nitrogen concentration of the water was highest in the
central region (1.58+0.22 mg L) and lowest in the northern
region (0.45+0.05 mg L") (F. 55— 11.4,P=0.0009). However,
the total nitrogen concentrations were similar between the
northern and southern regions (Fig. 2).

Land cover had greater variation than environmental
variables. The percentage of exposed soil and implemented
agricultural was significantly higher in the central and southern
regions (66.0+4.9% and 76.94+3.3%, respectively) than in
the northern region (27.9+5.5%) (F, = 31.2, P <0.001).
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On the other hand, the amount of pasture was higher in the
northern region (54.8+7.8%) (F, | =27.1, P <0.001). The
amount of pasture in the central and southern regions was
similar (15.3+£3.1% and 7.24+0.7%, respectively) (Fig. 2).
Besides showing variations between regions, these variables
also showed significant correlations between them.

Agricultural areas are more prevalent in streams
drainage basins with a lower average slope (r =-0.77, P <
0.001). Moreover, locations with the greatest slope have a
higher percentage of pasture (= 0.58, P =0.005). The total
nitrogen concentration in the water was higher in streams
surrounded by agriculture (»=0.55, P=0.008) and lower in
streams surrounded by grazing areas (r=-0.56, P=0.007).
Finally, the percentage of pasture was smaller in areas with
intensive agriculture (r =—-0.94, P <0.001).

Occurence of Aegla. We collected 167 individuals
of three species of Aegla: A. odebrechtii (Miiller 1876), A.
platensis (Schmitt 1942), and 4. singularis (Ringuelet, 1948).
The species occurred in isolation in 20 streams. Sympatry
between A. plantensis and A. singularis was observed in
only one stream (Fig. 1). Aegla platensis was the most
frequent occurring species (61.9% of streams), followed
by A. singularis (33.3%) and then A. odebrechtii (9.5%).

PCA performed with the stream morphometry
variables showed that the sum of level contours explained 99%
of the total variation in this data set. For physico-chemical
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Fig. 2. Boxplot of limnological differences (total nitrogen), stream morphometry hydro-geomorphological differences (Dm) and land use differences
(agriculture/exposed soil and pasture) in the three regions (northern, central, and southern) of the study area, state of Rio Grande do Sul, southern Brazil.

Different letters above boxes represent significant differences among groups.
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variables, total carbon and total organic carbon explained
64% of the limnological variation in the streams. Finally, the
pasture and exposed soil or agriculture land cover explained
35% of variation in the usage of the drainage areas of streams.
As these were the variables that best summarized the data,
they were used in the evaluation of the distribution of acglids.

Aegla odebrechtii occurred only in the southern region
of the study area (Fig. 1). The occurrence of A. platensis was
influenced by the physico-chemical variables (total carbon and
total organic carbon) and stream morphometry factors (the
sum of level curves) (Fig. 3). On the other hand, the occurrence
of A. singularis was influenced by land cover (pasture and
exposed soil/agriculture) and stream morphometry of the
landscape (Fig. 3). The limited occurrence of A. odebrechtii
was influenced by land use (Fig. 3).

DISCUSSION

The landscape of the study region presents a clear
pattern of land use distribution, considering the predominance
of the anthropic activities observed in the area. In the northern
region there is a predominance of pasture areas and arboreal
vegetation, while in the south, the land is mainly used for
agricultural activities. In the central region a transition
zone with increased urbanization, we observed higher
concentrations of nitrogen dissolved in the water. Urban
activity negatively contributed to the quality of the aquatic
environments, since waste is released into water bodies
without treatment (HEPP ef al., 2010). The release of high
amounts of nutrients, nitrogen and phosphorus, in streams
cause eutrophication in these environments. Eutrophic
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Fig. 3. RDA between landscape uses, stream morphology, and abiotic factors that influence the distribution of Aegla in the study area, state of Rio

Grande do Sul, southern Brazil.
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environments have low availability of dissolved oxygen
in the water, which causes the disappearance of aquatic
organisms (HEPP & SANTOS, 2009). Although the study area
was located in a predominantly agricultural zone, the release
of untreated sewage potentiates the input of nutrients and
organic matter, deteriorating the water quality of the streams
studied. TREVISAN ef al. (2009) observed A. singularis in
streams near urban areas, suggesting that this species has
some tolerance to higher concentration of nutrients. DALOSTO
& SANTOS (2010) described that the 4. longirostri has more
oxygen-independent pattern, in contrast with described about
Aegla in the literature (see BOND-Buckupr & Buckup, 1994).

Aegla odebrechtii was most influenced by different
land uses, especially pasture and exposed agricultural soil.
These particular uses are extremely impactful to aquatic river
basin environments. Agriculture and exposed soils contribute
to the supply of chemicals, heavy metals, and nutrients in
the water (SENSOLO et al., 2012). In addition, agricultural
activities promote the removal of riparian vegetation, causing
instability in the banks of rivers and streams and increasing
the sediment supply to these environments (HEPP et al.,
2016). We found that the occurrence of A. odebrechtii was
associated with streams without vegetation.

Aegla platensis was more sensitive to the limnological
characteristics of the streams. This demonstrates that the
sensitivity of this crustacean to environmental variation
occurs on a local scale. Aquatic invertebrates are sensitive
to various environmental characteristics observed at different
spatial scales (e.g. streams or drainage areas). For some
crustaceans, the limnological characteristics of streams are
key. Thus, the occurrence of 4. platensis in streams with
high total organic carbon concentrations suggests that this
species has a higher environmental tolerance. TREVISAN et
al. (2009) also observed this species in urban areas with low
concentration of dissolved oxygen. In aquatic environments,
high organic carbon concentrations reflect a significant
decrease in the oxygen concentrations, since microrganisms
consume this resource during their acrobic metabolism.

This study showed that the diversity of Aegla in the
streams of northern region of Rio Grande do Sul is relatively
low, since we found only 3 species. One reason for the low
diversity could be elevated levels of human activity near
the aquatic environments, which contributes to decreased
water quality. Among the numerous environmental indicators
studied, only average slope, nitrogen levels in water, exposed
soil or agriculture, and use of the land for pastures were
important factors in the occurence of these species. Moreover,
the three species found showed an environmental plasticity
to adapt to harsh environments. Finally, our results support
the urgent need for conservation of these water resources
as it directly influences the occurrence and distribution of
aquatic species.
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Appendix 1. Parameters used for the morphometric evaluation of river basins in accordance with the methodology presented by CHRISTOFOLETTI (1980).

Rated parameter

Description

Size of the basin

Perimeter of drainage areas . . .
g biological data collection

Density of drainage (Dd)

Circularity Index (Ci)

Average Declivity (Ad)

Coefficient of roughness (C . ..
! roug (Cr) accordance with its characteristics

Gradient of the main river (G) It detects alterations

Calculated in ha (hectare) and refers to the total area measure of the basin

Total length of the perimeter delimited by the topographic divisors of the drainage areas that are the subject of

Drainage capacity exerted by the main channel and tributaries of the river basin

Check the shape of basin, establishing whether it is more circular or elongated

It influences the flow velocity of the flow allowing a greater or lesser use of the force generated by gravity, being
related to the erosive capacity of the Hydrographic Basin

Environmental parameter related to probability to water erosion, pointing out possible uses of the soil in
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