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A B S T R A C T 

Studies on meiofauna diversity and taxonomy are fundamental for a better 

understanding of their community structure. Hyporheic meiofauna has not been 

studied, as has the beach, marine, and estuarine meiofauna. The study aimed to 

characterize the Beberibe River meiofauna community at two points: one with high 

urbanization (HU) and the other with low urbanization (LU), both located in the 

Recife Metropolitan Region (RMR), Pernambuco, Brazil. Meiofaunistic responses 

to urbanization and seasonal effects were studied regarding distribution, abundance, 

richness, and diversity. These benthic organisms were collected in two different 

seasons (dry and wet seasons 2023) at depths of 0 to 5 cm and 5 to 10 cm at two 

different sampling points in a hyporheic environment. At the LU point, there is a 

remnant from the Atlantic Forest. The HU point is urbanized, suffering considerable 

domestic discharge of organic and solid waste. Grain size characterization, pH, 

temperature, and salinity were obtained in each sample point and season. The Hill 

numbers of integrated indices were used to quantify and ascertain taxonomic 

diversity. Nonparametric analyses were also carried out through Similarity Analysis 

(ANOSIM), Principal Component Analysis (PCA), and Permutational Analysis 

(PERMANOVA). The confidence interval adopted was 95%. 269 meiofauna 

individuals were found, with the highest abundance distributed in the wet season. 

There were significant differences in the distributions of the organisms at both points 

(p < 0.05) and between two sampling seasons (p<0.05). No significant difference was 

found for the depth stratification (p>0.05). 

Keywords: Ecology, hill numbers, Beberibe River, meiobenthos, hyporheos. 

Introduction 

Hyporheic meiofauna organisms (also 

known as hyporheos) are a group of little 

invertebrates associated with both the groundwater 

and seepage spring water, composing a unique 

ecotone, dwelling in an enigmatic habitat in a 

sediment layer between the surface and the 

groundwater, playing a fundamental role 

(alongside with biogeochemical cycles) in the 

environment well-functioning (Freitas et al., 2022). 

This group provides various ecosystemic services, 

such as energy carriage in different sediment 

depths, biomineralization, water permeabilization, 

and pollutant filtering.  

Despite a slight upward trend in surveys, 

the hyporheos is not well understood, especially in 

tropical riverine environments, where 

anthropogenic impacts on the hyporheos 

community and the hyporheic zone are significant 

little, highlighting some authors who observed the 

impact of anthropic influence on the hyporheos 

was observed in the study of (Veras et al., 2018; 

Freitas et al., 2022). 

Meiofaunistic importance to environments 

is approached in several surveys, as seen in Souza 

et al. (2020), who noted that these organisms have 

an expressive influence on different ecosystem 

interactions and functioning, especially in coastal 

environments. The meiofauna is currently being 
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investigated for different purposes, such as 

molecular characterization studies (Castro et al., 

2021), taxonomy (Schmidt-Rhaesa, 2020), and 

spatial-temporal composition, for example (Souza 

et al., 2020). Studies comprising meiofaunistic 

diversity have increased all over the world. 

However, such research is restricted to the marine 

and estuarine environments, as Iburg et al. (2021), 

who studied the composition of sediment-

associated benthic communities, and Majdi et al. 

(2020), who analyzed the diversity and abundance 

of meiofauna individuals. Yusal et al. (2019) 

highlighted using meiofauna as a bioindicator of 

water quality; punctuating robust analyses of their 

community structuring is crucial. Historically, 

hyporheic meiofauna has not been widely studied 

compared to the beach and estuarine meiofauna, 

especially in Brazil. Despite this, some occasional 

studies, including freshwater meiofauna as 

essential organisms to the ecosystem, are noted, 

such as Palmer (1990), Brinke et al. (2011), and 

Monteiro et al. (2019), who used these organisms 

to investigate the effects of environmental 

pollutants. The most recent studies on meiofauna 

are based on statistical relationships with collected 

data on species distribution and environmental 

parameters (Schratzberger & Somerfield, 2020). 

Even though meiofauna is constantly being studied 

in some way, it is apparent how incomplete the 

knowledge about such a vast, diverse, and 

interactive group is (Cerca, Purschke & Struck, 

2018). Diversity indices have become increasingly 

explored to relate benthic community structures to 

environmental factors (Semprucci et al., 2019). 

These indices applied to the spatial and temporal 

distribution of meiofauna to better represent the 

structure of benthic communities have been used 

on a large scale (Lampadariou et al., 2020; Chau et 

al., 2021). Classical diversity indices (e.g., 

Shannon and Simpson indices) are fully utilized to 

measure "diversity", but these indices do not follow 

most of the mathematical axioms to measure 

diversity (Laxton, 1978; Chao et al., 2020). These 

are symmetry, continuity, uniformity, 

monotonicity, and replication. Furthermore, 

Simpson and Shannon's indices are not 

comparable, as they measure different parameters. 

Hill numbers of integrated indices are the only 

diversity index that follows all the comparable 

axioms and can be used to adopt Chao et al. (2020) 

stepwise adaptation to Hill numbers to conclude 

the real and effective taxonomic diversity in an 

environment. More studies aimed at diversity 

surveys for benthic and hyporheic organisms in the 

world to fill the gaps in meiofauna ecology are of 

fundamental importance. In Brazil, most studies 

are concentrated in the South and Southeast 

regions, with limited research in the Northeast 

region of Brazil. The lack of studies on hyporheic 

communities is significant, requiring more and 

more guiding research to explain these organisms’ 

structure and composition. Although the 

freshwater environments occur widely in Brazil, 

mainly in the Northeastern region, the Beberibe 

River has been increasingly explored only in the 

last decade for benthic organisms and the river 

dynamics (Albuquerque, Cabral & Paiva, 2015; 

Veras et al., 2017; Veras et al., 2018; Santos et al., 

2021; Carvalho-Filho et al., 2024). Nevertheless, 

none of the studies focuses on the hyporheos 

ecological aspects, such as diversity, species 

richness, and the seasonal and anthropic impact on 

the community structuring. Thus, this study aimed 

to characterize the meiofauna community 

structuring spatiotemporally in two urbanely 

contrasted points and their seasonal variation in the 

tropical Beberibe River, located in the Recife 

Metropolitan Region, State of Pernambuco, Brazil, 

showing how the organisms are distributed 

throughout the sediment matrix, highlighting 

abundance, richness and diversity variations. 

 

Material and Methods 

Study area 

The Beberibe river basin, located in the 

municipalities of Recife, Olinda, and Camaragibe, 

is part of the Water Planning Unit UP14, which 

corresponds to the Group of small coastal river 

basins 1 (GL1), located on the northern coast of the 

state of Pernambuco (APAC, 2025). This River is 

in the Recife Metropolitan Region (RMR), on the 

Pernambuco State northern coast, 7.587°S and 

8.063°S, and 34.813°W and 35.1925°W (Figure 1). 

Alvares et al. (2013) state that the Beberibe 

River basin is in a warm and humid climate (As’- 

Köppen) with two distinct seasons: wet and dry. 

The annual average precipitation is around 2,450.7 

mm, and the wet season lasts from April to August, 

while the dry season lasts from September to 

March. The annual temperature average is 

approximately 25.5ºC, with July being the coldest 

month and January being the hottest month.   

Samples were collected from a sample area 

delimited in the RMR (Figure 1) by the coordinates 

7.97°S, 34.92°W for the high urbanization point 

(HU) and Latitude 7.98°S and 34.95°W for the low 

urbanization point (LU) (Figure 1). HU is situated 

among houses and commerce with domestic, 

chemical, solid, and organic waste. At the same 

time, LU is downstream, with some remnants of the 

Atlantic Forest and almost no urbanized 

surroundings or anthropogenic waste.  
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Data was collected on-site with a portable 

multiparameter Hanna meter ® that measures pH, 

salinity, and temperature.

 

  

Figure 1. Location of the Beberibe River Basin and the sampled area in the municipalities of Recife, 

Pernambuco State, Brazil. Font: Santos et al. (2024). 

 

Meiofauna analysis 

Considering the meiofauna analyses, 

sediment samples were collected using a corer in 

an acrylic tube with 10 cm height (marked by 5 cm 

interval) and diameter. The collections were 

subdivided into the first 0-5 cm and the subsequent 

5-10 cm, and three replicates were collected at each 

point in the two seasons of the year: dry 

(November) and wet (May) of 2023. Soil samples 

for particle size analysis were also collected with 

the same cylindrical sampler, thus obtaining 

stratified soil samples at 0-5 cm and 5-10 cm. The 

collected sediment material was stored in plastic 

bags in Styrofoam boxes and refrigerated (below 

10°C) for sample preservation and preparation. 

After being collected, meiofauna samples were 

packed in plastic containers, preserved in 10% 

formalin, and separated, identified, and counted at 

the laboratory under a stereoscope. Before 

identification to the lowest taxonomic level 

possible, samples underwent the elutriation process 

using geological sieves with mesh sizes of 300 μm 

and 45 μm. Specialists checked identifications 

when necessary to analyze morphological 

characters of taxonomic importance. The 

identifications were conducted to the lowest 

taxonomic level achieved, except for Nematoda, 

where the phylum level was maintained. 

Meiofauna densities were expressed as the total 

number of individuals per 10 cm² of sediment. The 

identified specimens were preserved in 70% 

alcohol and deposited at the Laboratory of Benthos 

(LABEN) in the Oceanography Department of the 

Universidade Federal de Pernambuco (UFPE), 

Recife, Brazil.  

 

Grain size and TOM analysis  

The core sampler used for the meiofauna 

collections, and the same sample used for the 

granulometric analysis were also used to determine 

the total organic matter (TOM) content. The 

samples were dried in an oven at 60°C for 24 hours. 

They were then divided into two aliquots: one of 

30 g to obtain the total organic matter content and, 

subsequently, the granulometric composition. A 

10% hydrogen peroxide (H2O2) solution is added to 

burn the organic matter in the first aliquot. The 

samples are placed in a hood until the organic 
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matter burns entirely. After this, the TOM content 

was obtained by comparing the dry weight after the 

samples were placed in the solution (Carver, 1971). 

Grain size analyses were carried out according to 

Suguio's method (1973) and were managed at the 

Laboratory of Geological Oceanography 

(LABOGEO), Department of 

Oceanography/UFPE.  

 

Statistical analysis 

Before any statistical test was performed in 

this study, the Shapiro-Wilk test was used to test 

the normality of the data. Abundance was 

standardized to the unit individuals per 10 cm². No 

normality was obtained for the data, and no attempt 

at normalization parameterized the data. Therefore, 

only non-parametric statistical analyses were 

utilized. All permutational analyses were applied 

with 20,000 permutations. Divisive hierarchical 

clustering was performed using the Bray-Curtis 

distance and Ward linkage method to dry and wet 

seasons and the two sample points to identify any 

clustering tendencies. The non-parametric 

Similarity Analysis Test (ANOSIM) was used to 

quantify the clustering strength and significant 

variations. Principal Component Analysis (PCA) 

was executed, considering the contribution of each 

environmental variable on a scale from low to high, 

exhibiting clusters of climatic seasons and points 

collected and the key environmental variables that 

structured the hyporheic community. Permutation 

Multivariate Analysis of Variance 

(PERMANOVA) was applied with Bray-Curtis’s 

distance using abundance as the response variable 

to quantify the clustering tendency in a non-

hierarchical order. One-way PERMANOVA for 

the environmental variables (pH, temperature, 

salinity, granulometry, and dissolved organic 

matter), two-way PERMANOVA for the factors 

(Season and sample points), and a three-way 

PERMANOVA, considering environmental 

variables x-factors. Boxplots were plotted for the 

environmental variables and their respective values 

for seasons and sample points to represent the data 

graphically. Chao et al. (2020) stipulate that 

diversity should never be interpreted as just a 

decreasing or increasing number but as a 

conclusion of various trends in ecological 

parameters. Higher and lower diversity 

conclusions were made, considering the behavior 

of the accumulation curves and their trends when 

interpolated and extrapolated, as well as the 

asymptotic, empirical, and equitability trends. The 

R statistical programming language® (R Core 

Team, 2021), version 4.2, in the RStudio 

software® IDE, was used for the statistical 

analyses. The p-value adopted for the statistical 

analyses was 0.05, thus a confidence level of 95%. 

 

Results 

Only seasons and sample points showed 

significant values and tendencies. Depth 

stratification presented no clustering trend or 

statistical significance in any analyses and was, 

thus, omitted. 269 meiofauna individuals were 

found, 259 concentrated in the wet season (38 in 

LU and 221 in HU) and 10 in the dry season (2 in 

LU and 8 in HU). Figure 2 shows clear grouping 

trends for both seasons and sample points; a strong 

clustering for seasons (dry and wet) and ANOSIM 

(R=0.707, p<0.001) confirmed the cluster 

formation trend. Also, they presented a significant 

variation in taxonomic trends, exhibiting a turnover 

pattern relative to seasons. A moderate clustering 

strength was noticed regarding sample points (LU 

and HU), showing R=0.392 and p<0.001 values. It 

is also seen that HU is strongly influenced by the 

seasons, as it showed very far apart in the 

dendrogram extremes.
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Figure 2. Dendrogram expressing groupings of the climatic seasons and sites (point 1 and point 2) collected. 

The distance used was Bray-Curtis with the divisive method and linkage by Ward's method. ANOSIM 

represented the factors tested. Font: Santos et al. (2024). 

 

Principal Component Analysis (PCA), as 

shown in Figure 3, presented a strong clustering 

tendency of both seasons and points. Considering 

the contributions of variables, pH, temperature, 

salinity, clay, and oxygen explained most 

clustering trends in both factors. The one-way 

PERMANOVA (Table 1) corroborated the PCA 

results, showing a significant p-value for the most 

contributing variables. Two-way PERMANOVA 

(Table 1) was also similar to PCA results because 

the factors were statistically significant: season, 

point, and season x point. The relationship between 

environmental variables and factors 

(PERMANOVA three-way) showed that oxygen x 

season, temperature x season, pH x point, salinity 

x season x point, and temperature x season x point 

were significant (Table 1), showing that these 

variables (mainly salinity and temperature) have a 

significant influence on species abundance and 

turnover trends. The relationship between 

environmental variables and factors 

(PERMANOVA three-way) showed that oxygen x 

season, temperature x season, pH x point, salinity 

x season x point, and temperature x season x point 

were significant (Table 1), showing that these 

variables (mainly salinity and temperature) have a 

significant influence on species abundance and 

turnover trends. 

 

  

  

Figure 3. Principal Component Analysis (PCA). A. Climatic seasons cluster with variables and their respective 

contributions; B. Clustering of the points regarding the variables and respective contributions. Font: Santos et 

al. (2024). 

 

Table 1. Permutation Multivariate Analysis of Variance (PERMANOVA) of the influence of environmental 

factors on meiofauna abundance. Non-significant variables and interactions were omitted. Font: Santos et al. 

(2024). 

Environmental variables pseudo-F R2 p-value 

pH 10.246 0.0211 < 0.001 

Oxygen 22.641 0.0467 < 0.001 

Salinity 5.276 0.0109 0.013 

Temperature 35.293 0.0728 < 0.001 

%Gravel 35.360 0.0730 < 0.001 

%Silt 16.006 0.03302 < 0.001 

%Clay 12.821 0.02645 < 0.001 

TOM 9.841 0.00065 < 0.001 

Factors (Spatial x Temporal) pseudo-F R2 p-value 

Period 51.496 0.12674 < 0.001 

Point 26.563 0.06538 < 0.001 

Period x Point 20.252 0.04984 < 0.001 

Environmental variables x Factors pseudo-F R2 p-value 

Oxygen x Period 9.074 0.01872 < 0.001 

Temperature x Period 7.279 0.01502 0.003 

pH x Point 3.718 0.00767 0.040 
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Salinity x Period x Point 5.446 0.01124 0.011 

Temperature x Period x Point 14.826 0.03059 < 0.001 

 

Boxplots (Figure 4) show that oxygen 

concentration has wildly fluctuated throughout 

seasons and points with no "overlapping" values in 

the Boxplot for any factors. The pH varied 

expressively regarding the sample points, but 

slightly between the seasons, more alkaline pH was 

found at LU and more acid at HU. Salinity 

maximum values were found at HU, and the 

minimum values at LU. Temperature showed 

expressive variation between both seasons and 

points. The relative percentage of gravel was 

homogeneous at LU and very heterogeneous at 

HU, showing a poorly selected substratum. The 

sand percentage was heterogeneous for all factors. 

Silt and clay also showed similar patterns, but clay 

appeared to be somewhat influenced by seasons. 

Total Organic Matter (TOM) showed higher values 

in the wet season due to rain leaching and lower 

values in the dry season due to scarce rains. 

Abundance followed the same pattern as the TOM, 

seeming to be related. In Figure 5 and Table 2, the 

dry season shows higher species dominance and 

lower species richness. Otherwise, the wet season 

shows a higher richness and better species 

distribution. LU shows a lower richness than HU 

but a higher relative abundance distribution 

quality. The genera Pristina sp., Tubificinae, and 

Enchytraeidae sp. were the most abundant, 

followed by insect larvae, Nematoda, Tanaidacea, 

Acari, and Chironomidae (Figure 5). Among 

identified organisms, only the genus 

Enchytraeidae sp., the class Insecta, and the order 

Tanaidaceae occurred in the dry season (Figure 5 

and Table 2).

 

  

Figure 4. Boxplots of observed values using season and sample points factors. Font: Santos et al. (2024). 
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Figure 5. Barplot shows the relative contribution of the species to each factor’s climate periods. Font: Santos 

et al. (2024). 

 

Table 2. Presence and absence of taxa in the factor’s climate periods and sample points. Font: Santos et al., 

(2024). 

Benthic Fauna 
Dry 

Point 1 

Dry 

Point 2 

Wet 

Point 1 

Wet 

Point 2 

Subclass Acari Acari       X 

Family Chironomidae Chironomidae       X 

Genus Enchytraeida Enchytraeida sp. X X   X 

Class Insecta Larvae 1   X X X 

Class Insecta Larvae 2   X X X 

Class Insecta Larvae 3   X X X 

Phylum Nematoda Nematoda       X 

Genus Pristina Pristina sp.1     X X 

Genus Pristina Pristina sp.2     X X 

Genus Pristina Pristina sp.3       X 

Order Tanaidacea Tanaidacea   X X X 

Subfamily Tubificinae Tubificinae Genus 1     X X 

Subfamily Tubificinae Tubificinae Genus 2     X X  

*X: presence 

 

Figure 6A shows that although the dry 

season has smaller sample completeness than the 

wet season, these seasons did not vary significantly 

for any q-orders regarding completeness (since the 

Bootstrap 95% estimators overlap). Figure 6B 

shows each season's sample completeness (or 

coverage) and their difference in q-orders 

exhibiting higher richness and diversity in q1 and 

q2 to wet- than the dry season. Figure 6C shows 

that the asymptotic (observed) diversity did not 

vary significantly from the empirical 

(unidentified), expressing the reliability of the data. 

A greater proportional steep and lower values of 

the dry diversity curve indicate higher diversity in 

the wet season. Equitability confirms this fact, 

which shows that the wet season has higher values 

and less steep equitabilities than the dry season 

(Figure 6D). 
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Figure 6. Diversity from the accumulation curve of the q sequence of Hill numbers for the climate seasons. A. 

Sample completeness by orders of q; B. Effective diversity separated by q orders over sample completeness; 

C. Empirical and asymptotic diversity over q orders; D. Pielou's equitability over q orders. Font: Santos et al. 

(2024).  

 

Regarding points, sample completeness 

also did not vary significantly for q-orders (Figure 

7A). Figure 7B shows that LU had a smaller 

proportional slope drop than HU but never varied 

significantly when sample completeness exceeded 

60% for all q-orders. Asymptotic and empirical 

diversity in Figure 7C did not vary significantly 

between points, but HU showed greater steepness 

than LU. Empirical diversity did not vary 

significantly from asymptotic, showing the 

reliability of the data. Figure 7D shows that the 

equitability between HU and LU did not vary 

significantly. However, LU showed higher 

equitability of rare species, and according to Chao 

& Chiu (2016), higher equitability of rare species 

expresses higher diversity.
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Figure 7. Diversity from the accumulation curve of the sequence q of Hill numbers for sample points. A. 

Sample completeness by the orders of q.; B. Effective diversity separated by q orders over sample 

completeness. C. Empirical and asymptotic diversity over q orders; D. Pielou's equitability over q orders. Font: 

Santos et al. (2024). 

 

Discussion 

The discrepant difference in abundance 

and richness between seasons shows that hyporheic 

meiofauna is sensitive to changes in environmental 

variables. As the entire wet season is rainy, salinity 

and temperature decrease, meanwhile the leaching 

TOM and fine sediments increase; those factors 

positively influence meiofauna sensitive/rare 

species occurrence and abundance (Semprucci et 

al., 2019; Venekey et al., 2019; Santos et al., 2021). 

The abundance/richness contrast in sample points 

is explained by the higher anthropogenic impact in 

HU concerning LU. The organic and solid waste in 

HU contributes to a massive increase in generalist 

species richness and abundances (providing more 

TOM and "habitats"), such as Pristina spp., 

Enchytraeidae, insects larvae, and Nematoda. This 

is due to the "enrichment paradox" (Rana et al., 

2013). This paradox describes a continuous and 

steady increase in density/abundance of generalist 

organisms until the system collapses due to a lack 

of resources (e.g., bioavailable oxygen, Nitrate, 

and Phosphatic molecules, Fe, Si, Ca, and other 

micronutrients), leading to an abrupt decrease in 

abundance, richness, and diversity. HU was the 

taxonomically richest, covering 100% of the 

sample richness.  

The wet season was the most abundant 

climatic season; this fact was confirmed by the 

principal component analysis (PCA), which also 

showed higher abundances in the HU and wet 

season. The PCA revealed the key environmental 

variables that ruled the hyporheic meiofauna 

structure in abundance and richness.  

These were total organic matter (TOM), 

silt (%), clay (%), dissolved oxygen, and salinity 

(Figure 4), explaining the most significant 

proportion of the benthic community in the wet 

season and HU point. These most influencing 

variables explicitly show how fine sediments are 

essential to the hyporheos, as these organisms are 

eco-morphologically adapted to thinner interstitial 

habitats. Hence, thicker grains (sand and gravel) 

negatively influence the meiofaunal community 

(Huang et al., 2022).  

Seasonal and spatial changes were 

ascertained to regulate the community structure 

(see Figures 2 and 3). Insofar as the invertebrate 

community composition and abundance in the 

Beberibe River is strongly clustered (in ANOSIM 

and PCA) and varied significantly among sample 

points and seasons. PERMANOVA and ANOSIM 

results showed that there were significant 

differences between points (p<0.001), seasons 

(p<0.001), and points x seasons (p<0.001). 

However, no significant differences were seen for 

depths (p>0.05). Seasons significantly influenced 

the community more than spatial variation (sample 

points), as seen in the dendrogram (Figure 2). This 

deviation occurs since seasonal variations regulate 

all the key environmental factors that structure the 

meiofauna community. Spatial differences mainly 

provide more habitats to generalist species (due to 

solid waste) and vary most in non-key variables, 

which weakens the relationship between points and 

community responses concerning seasons. 

However, there is a strong relationship (Figure 2). 

Therefore, spatial variations are explained 

by the different anthropic impacts and the different 

pressures of urbanization in the two sample points. 

Thus, impacts on the HU significantly affect the 

hyporheic meiofauna community, which confirms 

that the anthropogenic pressures on HU are 

modifying the fast-responsive faunal composition. 

These results would be a major starting 

point for management plans in areas under human 

pressure before affecting upper/larger (and slower 

responsive) faunal groups. Similar results were 

achieved by Baia, Rollnic & Venekey (2021), who 

found that organisms were strongly affected by 

both seasonal and spatial variations.  

In Figure 4, it is noticeable that the variable 

values patterns of the wet season were more 

susceptible to a higher value of the total abundance, 

as the fine sediments, TOM, and oxygen are higher 

than in the dry season. Oxygen showed higher 

values in the wet season than in the dry season; 

salinity was slightly lower in the wet season; such 

a fact was also presented by Venekey et al. (2019) 

as susceptible conditions for meiofauna to 

proliferate. Still, in the wet season, the temperature 

was significantly lower concerning, the 

temperature was significantly lower concerning; in 

the wet season, the temperature was significantly 

lower in the dry season. The percentage of thicker 

sediments, such as gravel and sand, was higher in 

the dry season, while silt, clay, organic matter, and 

abundance had higher values in the wet season. 

PCA shows a negative relationship between grain 

size and meiofauna abundance.  

The co-variation in the key environmental 

variables will always influence the abundance, and 

the best conditions seem to be found in the wet 

season, unlike the dry season. Such a fact explains 
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the higher total abundance only in the wet season 

unless it is in an impacted environment with 

generalist species found in highly unfavorable 

conditions, as seen in the dry season in HU point 

(Capeletti, Marchese & Zilli, 2021). Regarding 

sample points (Figure 4), a confusing pattern was 

seen, where the unbalance of environmental 

variables resulted in higher total abundance, lower 

oxygen and organic matter values, and higher 

salinity and temperature co-vary for higher 

abundance values. This fact is due to the generalist-

dominated environment in the HU point, which 

often takes advantage and is favorable to pullulate 

in adverse conditions. This pattern is typical of an 

impacted environment (as is HU), and the 

dominance of Pristina sp., the subclass Acari, and 

the phylum Nematoda (Figure 6) might bioindicate 

an impacted and unsteady environment. This 

evidence shows that HU is under severe 

anthropogenic impact, and the enrichment paradox 

is probably applying/occurring in this case.  

The maximum effective taxonomic 

diversity of the meiofauna seen in the wet season 

(Figure 7) is probably due to the key variables 

influencing the total abundance of non-generalist 

species positively and causing better distribution of 

relative abundances. Given a positive abundance 

influence for most species, there are high 

equitability values with species added equitably in 

an almost linear fashioned curve as sample 

completeness accumulates, thus increasing 

diversity.  

The influence of environmental factors is 

always a critical point in the estimation and 

discussion regarding ecological parameters 

because they always determine whether species are 

equally distributed in an ecosystem, community, or 

assemblage (Chao et al., 2014; Magurran, 2021). 

The fact that values varied significantly from one 

season to the other, with even higher values in the 

wet season, shows how the wet season provides a 

very susceptible environment for the meiofaunal 

community of abundance, richness, composition, 

equitability, and diversity.  

Considering different weights for rare and 

dominant species, the higher proportional drop in 

effective diversity along the q-orders (Figure 7c) 

displays the minimum equitability in the dry 

season. However, although q0 varied significantly, 

the order diversities q1 and q2 did not vary 

(Figures-D). This pattern of significantly different 

richness and similar diversities values confirms 

that there are more dominant/generalist species at 

HU than at LU. The fact also expresses greater 

equitability of species in LU, concluding, thus, 

greater diversity at the LU point. The similar 

equitability curve behavior in LU and HU is 

because generalist/dominant species often show 

similar abundances in impacted areas as they take 

advantage of degraded environments almost 

equally (Ricklefs, 2010; Magurran, 2021). 

Variables did not have so much influence 

on the diversity balance of the points because the 

spatial influence on the increase of generalist 

species in HU ended up masking the variables' 

influences on species, having an effective diversity 

in q1 and q2 with similar values in LU and HU and 

a contrasted q0 (Gotelli & Ellison, 2004; Ricklefs, 

2010; Magurran, 2021). Sampled points taxonomic 

diversity differences are thus attributed only to 

differences in human impacts, which rule the 

meiofaunal community in every aspect - from 

taxonomic composition to diversity, as the HU 

environment has lower diversity due to dominant 

species. Several kinds of research aim to study if 

environmental variables, anthropogenic and these 

two mutual influences impacts are responsible for 

the abundance of meiofauna organisms and their 

variations in richness, composition, and diversity 

(Semprucci et al., 2015; Kim et al., 2020; Martínez 

et al., 2020; Schratzberger & Somerfield, 2020; 

Gheller & Corbisier, 2022). In this study (the first 

inferring the influence of urbanization on 

ecological aspects of hyporheos), it was 

statistically identified that key-environmental 

variables and anthropogenic impacts contribute 

more expressively to changes in hyporheic 

meiobenthos structure patterns than others. Also, 

spatiotemporal factors with human impacts 

regulate the hyporheic meiofauna's composition, 

community, abundance, and diversity. This paper 

must be an alert to species conservation because 

non-natural factors structuring communities should 

be a topic of concern to establish effective 

conservation plans to mitigate impacts at a 

community and ecosystem level.  

Among taxa found, Tanaidacea deserves 

greater prominence even though it is not an 

abundant taxon because these organisms were 

never recorded in hyporheic environments, being 

described in South America with the occurrence of 

only one species in freshwater habitats (Jaume & 

Boxhall, 2008). The most recent record of 

freshwater Tanaidacea was noted by Rodrigues et 

al. (2021) in a coastal lagoon in Rio de Janeiro - 

Brazil. Based on this, this fact makes the Beberibe 

River a remarkable case of occurrence of 

Tanaidacea, besides this study being the first ever 

conducted in benthic communities at the taxon 

level in Beberibe River and this being the first 

record of this order for the region. This fact also 

highlights the importance of applying more effort 

to studying the hyporheos because it is almost 
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unknown to science and ecology, mainly regarding 

tropical hyporheic environments. 

 

Conclusion 

Significant differences in composition, 

abundance, richness, and diversity in HU and LU 

showed how the anthropogenic impact affects the 

hyporheos structure. Seasonality and points with 

contrasting organic enrichment and anthropogenic 

waste were determining factors for establishing the 

hyporheic benthic communities. The analysis and 

patterns of the benthic community structure 

obtained herein allowed a more concise evaluation 

of the enigmatic and poorly known hyporheos 

relations with different environmental factors in 

ecological terms, besides demonstrating the 

importance of anthropogenic impacts and future 

taxonomic studies, generating a basis for future 

studies in lotic systems.  

Given the importance of these meiofaunal 

organisms, it is essential to evaluate the impact of 

non-natural effects to maintain the ecosystem's 

functional role and its services to the adjacent 

environments. Knowledge of the taxonomic 

composition, ecology, and anthropic influence on 

tropical hyporheic ecosystems is of fundamental 

importance to future research in ecology, 

taxonomy, hydrology, and biogeochemical cycles, 

for example.  

There is a lack of information about the 

hyporheic community ecology, especially in 

tropical environments. The results of the ecology, 

distribution, and key environmental and spatial 

variables provide essential information that 

previously did not exist regarding the structure of 

the meiofauna community from the hyporheos of a 

tropical river. 
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