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Abstract: Aim: The Brazilian tropical semiarid is a biome with small freshwater ecosystems, often 
intermittent, acting as a mosaic in constant transformation between dry and rainy seasons. Meiobenthic 
communities play crucial roles in these environments, and understanding their colonization and 
succession processes is essential to comprehend how these organisms’ structure in a defaunated habitat. 
In addition to the traditional taxonomic approach, functional traits provide valuable insights into the 
dynamics of these processes. In this study, we tested the following hypotheses: i) although meiofauna 
consists of microscopic organisms with limited active dispersion, they quickly colonize new substrates, 
increasing in abundance, richness, and diversity; ii) functional traits of freshwater Nematoda are a 
good tool for view an early succession on hard artificial substrate in a lentic reservoir. Methods: We 
placed 27 ceramic plates in a reservoir in the Brazilian semiarid and randomly sampled three replicates 
each week over nine weeks. Weekly differences in community abundance, richness, and diversity were 
tested with one-way ANOVA and pairwise PERMANOVA. Results: Nematoda predominated in the 
first week, with Rotifera taking over from the second week of the experiment. No differences were 
observed in the Nematode taxonomic structure over the weeks. There was an increase in the functional 
complexity of the Nematoda community over time, as indicated by the maturity index and trophic 
structure. Colonizers/persistents emerged quickly in the first week. Deposit feeders dominated, but 
an increase in trophic diversity was observed with the growing presence of chewers over the weeks. 
Conclusions: This study highlights that the functional traits of Nematoda represent a robust tool for 
assessing ecological succession in freshwater lentic environments in the tropical semiarid. 
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colonizing various habitats (Robertson, 2000), such 
as unconsolidated soft bottom substrates (Zhou, 
2001), natural (Ptatscheck & Traunspurger, 2014) 
and artificial hard substrates (Freixa et al., 2023). 
Freshwater meiofaunal organisms are closely 
related to biofilm, which directly influence on the 
establishment and succession of species in different 
types of substrata (Peters et al., 2007; Majdi et al., 
2012). The colonization of these small invertebrates 
commonly occurs after an exponential increase of 
the algal or heterotrophic microorganisms’ biomass 
and detritus that pave the substrata and make 
them an available habitat for benthic invertebrates 
(Costa et al., 2016; Freixa et al., 2023).

Nematode commonly is the most representative 
meiofaunal taxa in lentic ecosystems, typically with 
high density and diversity (Abebe  et  al., 2008; 
Wilden et al., 2020). They are microscopic animals 
with short life cycle, limited locomotion capacity, 
and no larval stages (Zeppilli  et  al., 2015; Netto 
& Fonseca, 2017; Ptatscheck & Traunspurger, 
2020). These peculiar characteristics make them 
typically considered organisms with low dispersion 
ability (Boeckner  et  al., 2009; Ptatscheck & 
Traunspurger, 2020) and, consequently, low 
colonization potential. However, some studies have 
shown that some species have morpho-functional 
characters resulting in a higher colonization ability 
(Tita et al., 1999; Boeckner et al., 2009; Thomas 
& Lana, 2011). Thus, in addition to the traditional 
taxonomic approach, evaluating the biology and 

1. Introduction

Colonization is a process by which available 
habitats are occupied and occurs when pioneer 
species establish, replacing each other in an 
ecological succession (Bush et al., 1995; Fastie, 1995; 
Costa et al., 2016). With the progressive growth of 
the human population, aquatic ecosystems have 
been experiencing a high production of artificial 
substrates of all kinds, such as bulkheads, pontoons, 
artificial reefs, and garbage disposal (Atilla  et  al., 
2003; Brown, 2005; García-Gómez et al., 2021). 
Many types of artificial substrata have been used 
to investigate the colonization and succession 
of benthic assemblages on marine (Fonsêca-
Genevois  et  al., 2006; Rule & Smith, 2007; 
Spagnolo  et  al., 2014) and estuarine ecosystems 
(Atilla, 2000; Atilla et al., 2003, 2005). However, 
few studies with such approach were developed in 
freshwater ecosystems (Peters et al., 2005, 2007), 
and none on Brazilian tropical semiarid. These 
regions include small natural shallow lakes, artificial 
reservoirs, intermittent rivers and streams, which 
function as a constantly changing mosaic between 
dry and rainy seasons (Barbosa  et  al., 2012). 
Therefore, studying the dynamics of semiarid 
benthic communities during the colonization and 
succession processes is crucial for understanding 
their resilience in the face of extreme disturbances 
(Ferreira et al., 2015).

The meiobenthos has a short life cycle and high 
capacity for resilience and, consequently, for quickly 

Resumo: Objetivo: O semiárido tropical brasileiro é um bioma que possui pequenos ecossistemas 
de água doce, frequentemente intermitentes, que atuam como um mosaico em constante transformação 
entre as estações seca e chuvosa. As comunidades meiobentônicas desempenham papéis cruciais nesses 
ambientes, e compreender seus processos de colonização e sucessão é fundamental para entender 
como esses organismos se estruturam em um habitat defaunado. Além da abordagem taxonômica 
tradicional, os traços funcionais oferecem perspectivas valiosas sobre a dinâmica desses processos. 
Neste estudo, testamos as seguintes hipóteses: i) embora a meiofauna seja composta por organismos 
microscópicos com dispersão ativa limitada, eles colonizam rapidamente novos substratos, aumentando 
em abundância, riqueza e diversidade; ii) as características funcionais dos Nematoda de água doce 
são uma boa ferramenta para observar uma sucessão inicial em substrato artificial duro em um 
reservatório lêntico. Métodos: Colocamos 27 placas de cerâmica em um reservatório no semiárido 
brasileiro e amostramos aleatoriamente três réplicas a cada semana, ao longo de nove semanas. As 
diferenças semanais na abundância, riqueza e diversidade da comunidade foram testadas com one-way 
ANOVA e pairwise PERMANOVA. Resultados: Os Nematoda predominaram na primeira semana, 
com os Rotifera dominando a partir da segunda semana de experimento. Não observamos diferenças 
na estrutura taxonômica da comunidade de Nematoda ao longo das semanas. Entretanto, houve um 
aumento na complexidade funcional da comunidade de Nematoda ao longo do tempo, conforme 
indicado pelo índice de maturidade e pela estrutura trófica. Os colonizadores/persistentes surgiram 
rapidamente na primeira semana. Os comedores de depósito dominaram, mas observou-se um aumento 
na diversidade trófica com a presença crescente dos mastigadores ao longo das semanas. Conclusões: 
Este estudo destaca que as características funcionais dos Nematoda representam uma ferramenta 
robusta para avaliar a sucessão ecológica em ambientes lênticos de água doce no semiárido tropical. 

Palavras-chave: índice de maturidade; estrutura trófica; Caatinga; meiobentos.
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functional traits is a powerful tool for assessing 
the assemblage structure and/or dynamics of the 
meiobenthos, particularly related to the process of 
colonization and ecological succession (Ettema & 
Bongers, 1993).

Two important and widely used functional traits 
of the Nematode are their life-history and trophic 
structure (Traunspurger, 2014; Sroczyńska  et  al., 
2021). The former refers to a semi-quantitative 
approach that classifies these animals on a c-p scale, 
ranging from 1 (extreme colonizer) to 5 (extreme 
persistent), which refer to a r and k strategists. 
It uses the abundances of Nematoda classified 
within this scale to estimate a maturity index 
(MI) for a given assemblage. This index has been 
widely used in environmental monitoring studies 
(Bongers, 1990, 1999; Netto & Valgas, 2010; 
Jouili et al., 2017). However, it has been sparsely 
explored to evaluate colonization and succession 
of freshwater assemblages (Bongers, 1990; Ettema 
& Bongers, 1993; Steel  et  al., 2010). Free-living 
aquatic nematodes may feed on a diverse array of 
resources, such as bacteria and Archaea, protists, 
fungi, particulate and dissolved organic matter, 
and act as both predator and prey for many 
different metazoans, including other nematodes 
(Moens  et  al., 2014). This may be advantageous 
for colonize another environment. In freshwater 
environments, for instance, epistrate, detritus and 
deposit feeders are most abundant in periphyton 
dwelling on artificial substrate (Vidaković  et  al., 
2011), forming a consolidated structure for chewers 
(Majdi et al., 2012).

The high abundance and diversity of Nematoda 
on benthic ecosystems, their ecological plasticity, 
and the low cost to perform samplings and 
experiments make them good model organisms 
for studies evaluating colonization and succession 
(Pinto et al., 2013; Costa et al., 2016). In this study, 
we evaluated the colonization and succession of 
semiarid meiofauna on artificial substrata (ceramic 
plates), particularly focusing on functional traits 
of Nematoda. Our main goals were to test the 
following hypothesis: i) although meiofauna 
are microscopic organisms with limited active 
dispersion, they rapidly colonize new substrates 
with increasing abundance, richness and diversity; 
ii) functional freshwater Nematode traits are a good 
tool for view an early succession on hard artificial 
substrate in a lentic reservoir. We considered 
that after introduction of artificial substrates, the 
ecological succession is reflected by the increase of 
the maturity index value (Bongers, 1990; Ettema & 

Bongers, 1993; Steel et al., 2010) and the trophic 
structure of the assemblage changes through the 
succession, deposit feeders and epistrate feeders are 
expected in the early stages, while chewers tend to 
appear latte (Peters et al., 2005).

2. Material and Methods

2.1. Study site

The study area is in a mountain region, 
667 m above sea level. The climatic and topographic 
characteristics are typical of a highland swamp, with 
mean air temperature and rainfall of 26 °C and 
800 mm, respectively, with April as the typical rainier 
month when rainfall averages 72 mm (Andrade-
Lima, 1982; Prado, 2003; Barbosa et al., 2012).

The experiment was developed in the reservoir 
“Olho d’água da Bica” in the Horto Florestal, 
Cuité – PB (NE Brazil; Figure 1A). It is a small 
body of water with an area ~200 m2 and <2 m 
depth. This reservoir is preserved for Universidade 
Federal de Campina Grande (UFCG). This aquatic 
environment is atypical in the semiarid since unlike 
most other regional water bodies, it is constantly 
supplied by a spring. Thus, it rarely dries out 
completely during dry seasons, only reducing the 
water level.

2.2. Experimental design and sampling

The experiment was developed over 9 weeks, 
between March 17 and May 12, 2016, with weekly 
samplings. We used 27 ceramic plates as artificial 
substrata, each with 200 cm2 (Figure 1B). These 
plates were vertically inserted in the sediment 
at 5 cm depth, with an inserted area of 50 cm2. 
The 27 plates were randomly installed, ~50 cm 
apart from each other. In the first day, March 17, 
the plates were installed and from March 24 three 
plates (replicates) were sampled weekly. On May 
12, all plates were sampled in a total of nine weeks. 
Each plate sampled was put in plastic bags and 
taken to the laboratory. We also sampled ~100 g 
of the sediment adjacent to the plates for organic 
matter analyses (Walkley & Black, 1934). Water 
temperature (°C), dissolved oxygen (mg L–1), pH 
and salinity were measured weekly using a digital 
multiprobe (Alfakit, AT-160, Florianópolis, Brazil).

2.3. Samples processing

At the laboratory, the plate surfaces were 
scratched using a spatula. The material from this 
scratching was washed manually and centrifuged, 
and the supernatant was poured onto a 45 µm 
mesh size sieve to retain meiofauna. The samples 
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were fixed in 4% formalin solution. The meiofaunal 
higher taxa were counted under a compounded 
stereomicroscope using a Dolffus plate with 
200 squares. All Nematoda individuals found were 
sorted out and put on vials with 99% formalin 
solution (4%) and 1% glycerin. The Nematoda were 
later diaphanized (de Grisse, 1969) and permanent 
slides mounted (Cobb, 1917).

2.4. Nematode analysis

The nematodes were identified to the genus level 
using an optical microscope (Type SZ61, Olympus, 
Tokyo, Japan) and a pictorial identification key of 
freshwater Nematoda (Zullini, 2010). Because some 
marine genera were found (see Barros et al., 2021 for 
more details), keys for marine nematodes were 
also used (Platt & Warwick, 1983; Warwick et al., 
1998). Each individual was further sorted as 
juvenile, male, female or gravid female.

We evaluated the functional traits trophic 
guild and life-history The trophic structure takes 
into consideration the buccal morphology of the 
Nematoda, classifying them as deposit feeders (bacteria 
feeding; small or absent buccal cavity), epistrate-feeder 
(small teeth), chewers (omnivores and predator; wide 
and sclerotized buccal cavity), and suction-feeder 
(fungi, plant, root, omnivore; with buccal stylet) 
(Traunspurger  et  al.1997; Traunspurger, 2014). 
The life-history was expressed by Maturity Index 
(MI) (Bongers, 1990). The MI is extracted from the 
nematode life history using the following equation: MI 
= Σv(i) * f(i), where v(i) is the c-p value of the genus and 
f(i) is the relative abundance (%) of the genus in the 
sample (Bongers, 1990, 1999; Bongers et al., 1995).

2.5. Statistical analysis

The statistical differences in meiofauna 
abundance throughout the colonization weeks were 

Figure 1. (A) Study Area and Experimental Setup Location in “Horto Florestal Olho D’água da Bica”, Paraíba, 
Northeast Brazil; (B) Illustration of Artificial Substrate sample, consisting of 27 ceramic plates vertically inserted in 
the sediment.
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assessed through a one-way Analysis of Variance 
(ANOVA). To examine differences in richness and 
diversity of both meiofauna and nematofauna, 
classical ecological indices such as Margalef richness 
(d), Shannon diversity (H’), and Pielou’s evenness 
(J) were employed (Shannon, 1948; Margalef, 
1963; Pielou, 1966). Weekly differences in richness 
and diversity metrics were tested using Analysis 
of Variance (ANOVA), followed by a post-hoc 
comparison with Tukey’s HSD test (α = 0.05). 
The ANOVA was computed using the Car package 
in the R environment (Fox & Weisberg, 2019).

Differences in the Nematode assemblage 
structure throughout the weeks were evaluated 
using pairwise Permutational Multivariate Analysis 
of Variance (PERMANOVA) based on the Bray-
Curtis distance. Pairwise PERMANOVA analyses 
were conducted using the pairwise Adonis package 
in the R environment (Martinez Arbizu, 2019). 
Levene’s test for homogeneity and Shapiro-Wilk 
normality test were considered for choosing between 
parametric or non-parametric tests.

3. Results

3.1. Environmental variables

Temperature varied little throughout the 
nine weeks, ranging from 26.4 to 28.4 °C 

(mean ± standard deviation = 27.23 ± 0.59 °C; 
Figure 2A). The pH values were typical of an alkaline 
environment, averaging 8.27 ± 0.23 (Figure 2B). 
Dissolved oxygen averaged 6.63 ± 0.25 mg L-1, 
ranging from 6.2 mg L-1 in the first week to 
7.1 mg L-1 in the seventh (Figure 2C). The organic 
matter content was erratic in the sediment and 
diminished considerably from the fifth week on 
values were between 8.8% and 13.3% in the first 
four weeks (3rd week except) and always lower than 
1.2% between 6-9th weeks (Figure 2D).

3.2. Meiofaunal colonization and succession on 
artificial substrates

Through the nine weeks sampled, we found 
seven meiofaunal higher taxa, with higher values 
(3.6 ± 0.6) in the first week and lowest in weeks six 
and nine (2 taxa; Table 1). The Shannon diversity 
was statistically different across weeks (ANOVA, 
F value= 3.595, p = 0.0115), unlike Margalef ’s 
richness, which did not differ statistically (ANOVA, 
F value= 0.5167, p = 0.8285) throughout the 
colonization weeks. Meiofaunal density ranged from 
6.8 to 98.6 ind.10 cm-2, with significant (ANOVA, 
F value= 8.34, p = 0.0001; Table  1) variations 
through the colonization and succession. Lower 
values of abundance were found in the first week 
(9.3 ± 6.7 ind.10 cm-2) and higher in the 4 and 5th 

Figure 2. Environmental variables. (A) Temperature (°C); (B) Dissolved Oxygen (mg L-1); (C) pH; (D) Organic 
matter (%).
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weeks (72.7 ± 23.0 and 60.0 ± 22.5 ind. 10 cm-2, 
respectively) (Table 1; Figure 3A).

Overall, the Rotifera were the dominant taxa, 
representing 85% of total organisms sampled, 
followed by Nematoda (12.4%). Nematodes 
dominated in the first week (58.2%), but from 
the second week on they did not exceed 22%, 
when rotifers became predominant (75.6-94.4%; 
Figure 3B). Turbellaria represented up to 8.1% in 
the 5th week. Other taxa represented <2% each, 
occurring only during the three initial weeks, at 
the beginning of the colonization process. Only for 
Rotifera (ANOVA, F value= 0.983, p = 0.00012; 
Table  1) and Ostracoda (ANOVA, F value = 
4.778, p = 0.002; Table 1) weekly densities were 
significantly different.

3.3. Nematode colonization and succession and sex/
age on artificial substrates

We found 21 genera of 13 families of Nematoda 
(Table 2). The highest value occurred in the 1st week, 
when up to eight genera were found in a replicate 
(average 4.6 ± 3.0), and lower between weeks 
3-8, with averages always <3 genera (Figure 4A). 
Shannon and Margallef indexes did not present 
a clear pattern through the weeks (ANOVA, F 
value = 1.714, p = 0.163).

The nematofauna community structure did not 
change significantly comparing the pairwise weeks 
(PERMANOVA, Pseudo F value = 3.898 p> 0.05). 
The most abundant genera were Monhystrella, 

Table 1. Meiofauna abundance with mean densities (individuals per 10 cm2) and the standard deviations of each 
taxon along the weekly samples.

Weeks Total 
meiofauna Nematoda Rotifera Ostracoda Turbellaria Copepoda Oligochaeta Acari

1 9.3 ± 6.67 5.46 ± 3.68 3.13 ± 2.61 0.26 ± 0.09 0.33 ± 0.47 0.13 ± 0.18 0 0.06 ± 0.09
2 15.33 ± 5.64 2.33 ± 2.45 12.73 ± 5.98 0 0 0 0.26 ± 0.37 0
3 14.53 ± 2.50 3.06 ± 0.24 11 ± 2.26 0.33 ± 0.24 0 0 0.13 ± 0.18 0
4 72.73 ± 23.04 6.4 ± 1.07 66.06 ± 19.59 0.26 ± 0.09 0 0 0 0
5 60 ± 22.53 7.13 ± 0.75 48 ± 16.93 0 4.86 ± 6.88 0 0 0
6 30.93 ± 7.11 2.66 ± 2.20 28.2 ± 5.37 0 0 0 0.06 ± 0.09 0
7 13.86 ± 9.91 2.13 ± 0.80 11.66 ± 7.73 0 0 0 0.06 ± 0.09 0
8 53.93 ± 5.34 2.86 ± 0.83 50.93 ± 4.21 0 0 0 0.13 ± 0.18 0
9 36.20 ± 20.97 5.06 ± 2.37 31.13 ± 14.79 0 0 0 0 0

One-way
PERMANOVA

<0.05 >0.05 <0.05 <0.05 >0.05 >0.05 >0.05 >0.05

Differences are considered significant if p < 0.05 (in bold).

Figure 3. Total (A) and relative abundances (%) (B) of 
meiofauna in artificial substrates.

Figure 4. Number of individuals (A) and diversity indexes 
(B) of Nematoda genera in artificial substrate.
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Monhystera, Paracyatholaimus, and Daptonema, 
representing 94.11, 77.7, 51.7, and 31.7%, respectively. 
Monhystrella dominated through the first six weeks, 
while Monhystera dominated at the end of the 
experiment (7-9th weeks); Paracyatholaimus appeared 
sparsely in some weeks and Daptonema appeared 
in weeks 1, 2 and 5, completely disappearing later 
(Figure 5A). Each of the other 17 genera represented 
<5% of total Nematoda abundance, but altogether 
summed 28%. Among these, stand out Oncholaimus 
and Prismatolaimus, abundant in weeks 6, 7, and 9 and 
Viscosia in the weeks 6 and 9 (Figure 5B).

Juveniles dominated in all abundant genera 
through most of the experiment (Figure 6). Among 
adults, males tended to dominate in all abundant 
genera (Figure 6). Males of Monhystrella reached up 
to 4 ind. 10 cm-2 in the 2nd week when dominated 
the population (Figure 6A). Likewise, for Monhystera 
and Daptonema juveniles dominated most of the time, 
while males dominated adult population followed by 
gravid females (10-25%; Figures 6B and 6D). Juveniles 
also dominated the Paracyatholaimus population, while 
non-gravid females were rare, representing <15% of 
the total population (Figure 6C).

3.4. Nematode functional traits colonization and 
succession on artificial substrates

There was a clear tendency to increase the 
complexity of the life-history and trophic structure 

of the nematode assemblages. This was reflected in 
the increase of the MI and in the relative contribution 
of chewers, particularly between the 6-9th weeks 
(Figures 7 and 8). Deposit feeder represented 67% 
of nematode abundance, dominating all weeks 
but the 6th and 9th when the chewers dominated 
(47-57%). Suction feeders represented <10%, 
except when they peaked in the 3rd week (24.1%). 
Epistrate feeders were particularly important in the 
2nd and 4th weeks, representing 40.8 and 25.2%, 
respectively (Figure  7). The predator/omnivores 
were more abundant in the weeks 6, 7, 9 (up to 
~60% in the 6th week).

The assemblage was dominated by the nematodes 
c-p 1 and 2, summing up 68.5% of total nematodes 
(Figure  8). Individuals c-p 3 occurred mostly in 
low abundance but reached ~50% in the 2nd week. 
The extreme-persistent (c-p 4, 5) were abundant 
from the 6th week, when MI increased considerably, 
reaching a weekly average of 2.8 ± 1.1 (Figure 8).

4. Discussion

In the present study, we examined the pattern 
of an early colonization and ecological succession 
of invertebrates on artificial ceramic substrates 
in a lentic freshwater reservoir in Brazilian 
semiarid. We used meiofauna and nematofauna as 
parameters, guided by the following hypotheses: 

Figure 5. Relative abundance (%) of most abundant (A) and less abundant (B) Nematoda genera in artificial substrate.
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i) despite meiofauna being microscopic organisms 
with limited active dispersion, they rapidly 
colonize new substrates, exhibiting increased 
abundance, richness, and diversity; ii) functional 
traits of freshwater nematodes are a good tool 
for observing early succession on hard artificial 
substrates in a lentic reservoir. We posited that after 
the introduction of artificial substrates, an early 
ecological succession is reflected by an increase 
in the maturity index value (Bongers, 1990; 
Ettema & Bongers, 1993; Steel et al., 2010), and 
the trophic structure of the assemblage changes 
throughout the succession, with deposit feeders 
and epistrate feeders expected in the initial stages, 
while omnivorous and chewers tend to appear later 
(Peters et al., 2005).

The meiofauna rapidly colonized the ceramic 
plates within the first week. Various studies 
indicate that the dispersion and, consequently, 

Figure 6. Nematoda abundance and sex/age of most abundant genera in artificial substrate.

Figure 7. Relative abundance (%) of Nematoda trophic 
groups in artificial substrate.
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colonization of meiofauna depend not only on their 
locomotion capacity (Soetaert et al., 2002; Thomas 
& Lana, 2011) but also on substrate pavement by 
microorganisms forming the biofilm (Fonsêca-
Genevois  et  al., 2006). The rapid colonization 
(within the first week) by meiofauna organisms 
suggests their active ability to colonize artificial 
substrates in lentic environments. This contrasts 
with the notion that these animals have limited 
dispersion capacity (Fonsêca-Genevois  et  al., 
2006; Ptatscheck & Traunspurger, 2020) and, 
consequently, a low potential to colonize new 
substrates in lentic ecosystems. Therefore, we 
accept the first hypothesis that meiofauna rapidly 
colonizes new substrates in lentic environments, 
despite being microscopic organisms with limited 
active dispersion.

The nematodes likely colonized the ceramic 
plates through active transport. Their adhesive 
capacity to hard substrates and the lentic 
environment facilitates the anchoring of Nematoda 
(Ptatscheck & Traunspurger, 2020). Swimming in 
the water column and crawling through sediment 
are known forms of active, small-scale transport for 
many nematodes (Gallucci et al., 2008; Thomas & 
Lana, 2011). These organisms probably employed 
vertical movements to reach the ceramic plates. 
For instance, approximately 62% of Nematoda 
use these mechanisms to migrate to new habitats 
(Williams & Hynes, 1976; Benzie, 1984). However, 
the Nematoda assemblages do not fully mirror 
the adjacent natural substrates (Barros, 2018). 

Differences in the community profile between the 
two habitats (natural and artificial) may support the 
active dispersal strategy and the search for available 
habitats in intermittent or semi-intermittent 
reservoirs in the semiarid region as a means of 
survival or preference to dwelling in soft or hard 
substrate.

In this study, the community structure 
developed in two main phases: i) an initial phase 
of higher diversity due to the rapid colonization 
of the seven higher taxa of meiofauna (weeks 1-3); 
ii) a second phase with reduced richness (weeks 
4-9), accompanied by a progressive increase in the 
abundance of rotifers, which came to represent over 
90% of the entire colonizing meiofauna (Table 1; 
Figure 3). The characteristics of these two groups 
differ in habitat preference. For instance, Nematoda 
possess morphological adaptations allowing them to 
exploit resources in soft substrates (Tita et al., 1999) 
and tolerate anoxic conditions within sediment 
(Soetaert et al., 2002). Rotifers, especially bdelloids, 
avoid environments with low oxygen conditions 
found in soft substrates, instead colonizing the 
shallower layers of sediment (Madaliński, 1961). 
As primary colonizers, rotifers quickly choose their 
habitat; within 12 hours, these animals colonize 
defaunated environments (Smith & Brown, 2006), 
appearing to be fugitive or invasive species (Pianka, 
1970). Rotifers mature quickly and exhibit high 
fecundity, with a single female capable of producing 
1-2 eggs every 2-6 days (Pennak, 1989).

4.1. Colonization and succession of Nematoda and 
sex/age on artificial substrates

The diversity indexes of Nematoda assemblages 
did not show a clear trend of temporal fluctuations 
or ecological succession throughout the experiment. 
Due to the lack of three-dimensional habitat 
provided by hard substrates, this absence of patterns 
in the evaluated timeframe is common (Peters et al., 
2005, 2007). However, in some artificial substrate 
assemblages, the number of nematode genera 
tended to increase after one week of colonization 
(Fonsêca-Genevois  et  al., 2006). Additionally, 
a small number of genera accounted for high 
abundance, while the majority experienced wide 
fluctuations and low abundance on ceramic plates 
(Figures 5A and  B). These scenarios of abundance 
and diversity lead us to raise the following points 
about the colonization and ecological succession of 
these organisms on artificial substrates: i) Nematoda 
assemblages continue to colonize and develop in 
the early stages of ecological succession in Caatinga 

Figure 8. Relative abundance (%) of colonizer/persister 
(c-p) groups (A) and maturity index (B) in artificial 
substrate.
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reservoirs; ii) the colonization process within the 
analyzed timeframe here (9 weeks) is characterized 
by a few abundant taxa and numerous less abundant 
taxa.

It is well-known that nematodes rapidly colonize 
(approximately five days) new substrates (Smith & 
Brown, 2006). The dispersal capability of genus/
species is crucial for establishing in a new habitat 
(Ptatscheck & Traunspurger, 2020). Monhystera, 
the dominant genus in the current study, has both 
short and long-distance swimming capabilities, 
depending on the species (Riemann & Schrage, 
1978; Vranken  et  al., 1981). However, we must 
consider the life stages and preference of these 
organisms in sediment layers. Adults of the genus 
prefer deeper sediment layers (Traunspurger, 1996), 
which may be a limiting factor for migrating in 
large numbers to new habitats and decreasing the 
reproduction rate during ecological succession 
on artificial substrates. Indeed, the abundance 
of Monhystera has significantly increased in the 
last three weeks and can be explained by its 
feeding preference, reproductive rate, and short-
distance swimming ability. In terms of diversity, 
the development of nematofauna differed from 
the work of Peters  et  al. (2005), who found low 
diversity in the early days of colonization and a 
progressive increase after the first week. Here, we 
found a higher number of genera in the first two 
weeks and a decrease until week 7. The increasing 
diversity trend from week 8 suggests that the nine 
weeks of the experiment consist of early stages of 
ecological succession.

The colonization process in the biofilm is 
continuous. However, the community formation 
dynamics in the biofilm vary depending on the 
substrate type (e.g., roughness, heterogeneity) 
and the season of the year (Pieczyńska, 1964). 
The semiarid region of the Caatinga has a distinctive 
seasonal dynamic, characterized by prolonged 
periods of drought. In such situations, the 
availability and colonization of a new microhabitat 
can be an alternative for maintaining biodiversity in 
the semiarid region. Specifically, the high diversity 
observed at the beginning of ecological succession 
suggests a resilience strategy of the nematofauna in 
the typical dry conditions of the Caatinga biome.

Among the most abundant genera, juveniles 
predominantly dominated most of the time, 
as expected, with some exceptions (Figure  5). 
The family Monhysteridae, represented here by 
the genera Monhystera and Monhystrella, has a 
significant portion of the population inhabiting 

the superficial sediment layer, and the gestation 
period varies from a few weeks (Traunspurger, 
1996). These are characteristics of individuals 
capable of establishing themselves in defaunated 
environments during the early stages of ecological 
succession (Derycke et al., 2013). Among adults, 
males predominated in populations, especially 
for Monhystrella, followed by gravid females 
(Figure 5A). This dynamic suggests high rates of 
sexual reproduction. However, specific data would 
be needed to confirm the reproductive mechanisms 
adopted by the genera over the colonization period, 
as the diversity of life strategies among different 
species within the same genus is often high (Gerlach 
& Schrage, 1971; Traunspurger, 1996).

4.2. Are functional freshwater Nematode traits 
a good tool for view an early succession on hard 
artificial substrate in a reservoir of Brazilian 
semiarid?

The analysis of community functional traits 
(trophic structure and life history) indicates an 
increase in functional complexity, with a tendency 
toward an increase in the maturity index during 
the plate succession process, along with a rise in 
the relative abundance of shredders, especially from 
the sixth week of the experiment (Figures 7 and 8). 
Therefore, we accept our second hypothesis and 
confirm the efficiency of the index in monitoring 
ecological succession (Bongers, 1990; Ettema & 
Bongers, 1993; Steel et al., 2010), which indicates 
the maturation of the community (Margalef, 1963), 
as expected (Ettema & Bongers, 1993). However, 
our results did not show a clear substitution of one 
c-p group for another, as hypothesized by Bongers 
(1990), but rather an increase in the representation 
of genera such as Oncholaimus (c-p 4; shredders) and 
Chrysonema (c-p 5; suction feeders), contributing 
to the increase in the maturity index.

The colonizers (c-p 2) were abundant 
throughout the experimental period, with a 
higher contribution from the genera Monhystera, 
Monhystrella, and Daptonema. These genera 
dominated the Nematoda community at the 
beginning of ecological succession and organic 
enrichment (Figures 3 and 8). In fact, colonizers 
benefit from an environment rich in organic matter 
and commonly dominate such conditions (Bongers 
& Ferris, 1999). These individuals form the basis 
for the (re)establishment of the fauna, keeping 
it abundant during a long period (60 weeks) of 
habitat restructuring (Ettema & Bongers, 1993), 
as observed over the nine weeks of the experiment 
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conducted here. The deposit feeders dominated 
the ceramic plates throughout the experiment 
(Figure  7), as commonly found in natural and 
artificial hard substrates in freshwater environments 
(Peters et al., 2005; Traunspurger et al., 2020). These 
Nematoda are mainly associated with high levels of 
eutrophication (Ristau et al., 2015). The abundant 
presence of epistrates in the early colonization weeks 
reinforces the close relationship between Nematoda 
and the biofilm, a likely primary food source 
for these initial colonizers (Majdi  et  al., 2012). 
The microfauna present in the biofilm is vital for the 
colonization of hard artificial substrates, providing 
food resources and paving the substrate for epistrate 
feeders (Weitere  et  al., 2018). Additionally, this 
community maintains an open energy flow system 
with larger organisms of the macrofauna (Majdi & 
Traunspurger, 2015).

Although the literature on the ecology and 
taxonomic diversity of meiofauna organisms, 
particularly Nematoda, is extensive (Abebe et al., 
2008; Ristau et al., 2015; Decraemer & Backeljau, 
2015), little is known about the relationships 
between the mechanisms involved in dispersion 
at small spatial scales and the morphological 
and behavioral characteristics (Thomas & Lana, 
2011). This lack of knowledge is closely related 
to the challenges of experimentally studying 
microscopic organisms both in the field (Thomas 
& Lana, 2011) and in the laboratory (Palmer, 
1988). The microscopic sizes of these animals make 
handling and identification challenging down to the 
species level, contributing to a shortage of specialists 
in the field (Derycke et al., 2008; Fonseca et al., 
2014).

Some studies have emphasized the importance of 
experimental utilization of Nematoda colonization 
on artificial substrates as a means of environmental 
assessment and monitoring (Mirto & Danovaro, 
2004; Costa  et  al., 2016; Freixa  et  al., 2023). 
However, there are still few studies that have tested 
the efficiency of the maturity index as a monitoring 
tool for these ecological processes (Bongers, 
1990; Ettema & Bongers, 1993; Steel  et  al., 
2010), especially in lentic aquatic ecosystems 
in semi-aquatic regions of arid tropical areas. 
The current study demonstrated that the processes of 
colonization and ecological succession were clearly 
visualized through the functional characteristics 
of the Nematoda community, confirming the 
maturity and trophic index as robust tools for 
monitoring these processes. We suggest further 
studies, combining functional traits (Justino et al., 

2023) and the use of metrics such as redundancy 
and functional vulnerability (Magneville  et  al., 
2022) during an early stage of ecological succession 
to deepen the understanding of the relationships 
between these functional traits and the formation 
of assemblages in ecological succession.
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