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Abstract: We examined the taxonomical and functional traits of free-living nematodes, focusing on
their density by genus, maturity index (MI), and trophic diversity index (ITD) to determine whether
these indices are sensitive to changes in the organic content of the sediment. Samples were collected
in autumn and spring from 12 subtidal sampling stations in Rocha Lagoon, distributed between the
outer (near the mouth) and the inner sector. We identified 26 genera, with higher abundance in the
inner sector, likely due to increased organic matter and biopolymers. In spring, both sectors had
sediments rich in fresh organic matter, dominated by deposit-feeding nematodes and showing low
trophic diversity (high ITD values). In autumn, the inner sector maintained similar characteristics to
spring sampling, while the outer one was dominated by older organic matter, predatory nematodes
and higher trophic diversity. The MI showed low variation between sectors, suggesting a disturbed
environment. Our findings support the use of ITD to assess other aspects of communities such as
the response of trophic groups to the freshness of organic matter, while the MI seems less effective
for assessing the ecological status of Rocha Lagoon. Understanding nematode biodiversity and
functional traits is crucial for effective ecological quality assessments.

Keywords: Rocha Lagoon; benthic environment; soft sediment; environmental quality; biotic indices

1. Introduction

Biological distribution patterns remain one of the central issues in community ecology,
especially in invertebrates [1–4]. Free-living nematode research is largely based on the
description of a community’s patterns through a taxonomic approach (e.g., species richness,
abundance, and composition) and studies focusing on establishing relationships between
the community and environmental variables [5,6]. However, the taxonomical composition
can vary both spatially and temporarily and do not always reflect the ecological role that
the species play in the ecosystem [7,8]. Moreover, changes in taxonomical composition do
not necessarily imply changes in ecosystem stability [9,10].

In the current decade, functional trait-based approaches have been increasingly used
to address several ecological-oriented questions, particularly to understand how different
types of disturbances affect species’ functional role [6,11–13] and related species/genera to
functional diversity [14]. These biological traits consist of individually measurable proper-
ties that can be used comparatively among species/genera [15]. The biological trait analysis
and the subsequent creation of functional groups (i.e., groups of species or genera with the
same ecological function) has allowed us to obtain information on ecosystem functions [16],
revealing additional relationships in the assemblages and environmental conditions [17].
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Free-living nematodes are of interest because they are, generally, the meiofauna domi-
nant group and show a great diversity of species/genera. Benthic nematodes have a great
diversification of nutritional requirements and contribute to energy flow in the sediment
where they complete their entire life cycle [5,6,18,19]. We can obtain information of func-
tional traits such as trophic group using mouth morphology [20] in addition to other traits
associated with the life history strategy. These traits reflect evolutionary adaptations to
persist in a particular environment [21,22]. Among the functional approaches in nematode
studies, the “index of trophic diversity” (ITD) [18] emerged as a useful tool in environmen-
tal monitoring [6,23]. The ITD can reflect disturbance when a change in the food availability
affects the trophic composition of the community. An increase in the ITD (associated with
the dominance of a trophic group) usually indicates an increase in environmental stress [18].
Another generally used functional index is the maturity index (MI) [22], which is based
on classifying nematodes according to their degree of resistance (colonizers) or sensitivity
(persistent) to disturbances.

The benthic nematode abundance in estuaries responds to food availability [24,25], the
state of degradation and energy value of sedimentary organic matter [11,26], salinity [27,28],
and grain size [29,30]. However, little is known about the functional response of nema-
todes to environmental changes compared to classical ecological approaches. [6,12,13].
Specifically, it is still unclear if nematodes’ functional attributes are determined by the
same environmental variables as their taxonomical attributes [17]. A combined taxo-
nomic and functional approach is an effective tool in ecological research [6,31], although
many researchers agree that this relationship is still not fully established in the case of
nematodes [32–35].

Our work aimed to establish the taxonomic diversity of nematodes (at the genera level)
and to determine whether those functional attributes (feeding types and life strategies) are
sensitive to changes in the organic content and biochemical composition of the sediment
in an open/closed coastal lagoon of South America (Rocha Lagoon, Uruguay). Within
this framework, relationships between taxonomic and functional diversity and abiotic and
biochemical environmental features were explored. Our hypothesis was that the feeding
types are strongly related to changes in the organic content and biochemical composition
of the sediment of the estuarine lagoon and are hence useful for monitoring the status of
the community in response to eutrophication.

2. Materials and Methods
2.1. Study Area and Sampling Design

Rocha Lagoon, Uruguay (34◦39′47.42′′ S, 54◦13′47.36′′ W), is a shallow, choked-type
lagoon [36,37] with 72 km2 in area and an intermittently open–closed connection with the
Atlantic Ocean, driven by the alternation of the natural and artificial opening of the sand
bar [38–40]. Its sand bar constitutes the most fragile component of the lagoon and influences
the provision of most ecosystem services (e.g., water quality maintenance and flood control),
and therefore plays a key role in preserving the balance of the socio-ecological system [41].
The lagoon supports one of the most important continental fisheries of the Uruguayan
coast [42] and has suffered a rapid development of tourism as well as an intensification of
land use on its margins [43,44].

In taking into account that ecological processes vary with the scale of observation [45,46]
and particularly how in this study area the great environmental heterogeneity determined
complicated relationships between biota and the environment [47,48], samples were taken
at three spatial scales, which included (i) two clearly differentiated zones (mouth or outer
sector and inner sector, kilometer scale), (ii) sites within each sector (hectometer scale), and
(iii) replicates at each site (meter scale). The outer sector is located from the mouth of the
lagoon (sand bar has an intermittently open–closed connection with the Atlantic Ocean)
to the line of dunes, while the inner sector extends from the projection in the water of the
line of dunes toward the interior of the lagoon. The choice of these sectors is based on
pre-existing information about hydrodynamic and morphodynamic characteristics; the
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outer sector is characterized by sandy sediments and high hydrodynamics, while the inner
sector is dominated by sand–muddy sediments characteristic of more protected environ-
ments [47,48]. In addition to previous knowledge that meiofaunal communities respond
differently to these two environmental conditions [25], within each sector, 6 sites were
chosen (Figure 1), where the sites in the outer sector were located in a transect parallel to
the coastline (O1 to O6). Sites in the inner sector were randomly chosen in areas of known
low energy [48], three in the central body of the lagoon (I1 to I3) and three in the area of the
old sand bar (I4 to I6).
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Figure 1. Map of the study area showing the sampling sites located in the inner (I1–I6) and outer
(O1–O6) sectors of Rocha Lagoon.

In order to consider possible temporal variation in the nematode community and
environmental variables, samples were carried out two times: November 2014 (spring) and
April 2015 (autumn). Our decision to choose the seasonal timing was based on pre-existing
information on the spatio-temporal variation in the trophic state of sediments evidenced
by biopolymeric ratios [49], which reported the presence of fresh organic matter in the
inner sector of the lagoon in autumn and a higher energetic value of sediments in spring
compared to autumn, attributed to seasonal productivity differences.

2.2. Sample Collection and Analysis

Water salinity and temperature were measured in situ using a YSI® multi-parameter de-
vice (model 63). Cumulative rainfall recorded at the Rocha station 10 days before spring and
autumn sampling was obtained from web database Meteomanz © (VMO index = 86565) [50].
Sediment samples and fauna were taken by autonomous diving because of the shallow
habitats (<2 m). Sediment samples were collected for an analysis of the total organic matter
(OM), photosynthetic pigments, biopolymers of the OM (three replicates for each analysis),
and sediment size analysis (one replicate). Photosynthetic pigments (chl-a and phaeopig-
ments) were analyzed according to Lorenzen (1967) [51], modified by Sündback (1983) [52]
for sediments. The total organic matter (OM) was analyzed based on Byers et al. (1978) [53]
and expressed as a percentage (%). The biochemical composition of the OM was analyzed
following the protocols described by Danovaro (2010) [54]. Total protein (PRT) analysis
was conducted according to Hartree (1972) [55], modified by Rice (1982) [56] to compensate
for phenol interference. Total carbohydrates (CHO) were analyzed according to Gerchakov
and Hatcher (1972) [57]. Total lipids (LIP) were extracted by ultrasonication with a mixture
of chloroform–methanol (1:2 v/v) and analyzed following the protocol described by Marsh
and Weinstein (1966) [58]. Blanks for each analysis were performed with precombusted
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sediment (450 ◦C, 4 h). PRT, CHO, and LIP concentrations were expressed as bovine
serum albumin, glucose, and tripalmitine equivalents, respectively. PRT, CHO, and LIP
concentrations were converted to carbon equivalents assuming a conversion factor of 0.49,
0.40, and 0.75 µg, respectively [59]. The sum of PRT, CHO, and LIP carbon equivalents
was reported as the biopolymeric carbon (BPC) and used as a reliable estimate of the labile
fraction of OM [60] and to classify the trophic status of the sediments. Also, the PRT: CHO
and the CHO: LIP ratios were calculated and used as indicators of the status of biochemical
degradation processes [26].

Meiofaunal samples (three replicates for site) were taken with a PVC corer (2.7 cm
inner diameter, 6 cm depth) and preserved in 4% formaldehyde. In the laboratory, the
content of each sample was washed between a 500 and a 63 µm sieve using filtered water
to segregate macro- and meiobenthic organisms, respectively [61]. To extract the meiofauna
from the sediment fraction, retained on the 63 µm sieve, we applied a flotation technique
using Ludox HS 40 colloidal silica (1.18 g cm−3) and centrifugation [18,62]. This process
was repeated three times, whereby the supernatant Ludox containing the meiofaunal
organisms was decanted and washed each time. The final washed and extracted sample
was then preserved in 4% formaldehyde, and a small amount of Rose Bengal was added to
facilitate identification. All nematodes extracted from each sample were counted under
a stereomicroscope. A set of 100 nematodes was randomly picked from each sample and
mounted on glass slides for genus identification under the microscope. Before permanently
mounting in glass slides, nematodes were placed in a solution of glycerol–ethanol and
allowed to evaporate in a desiccator so that the organisms remained in glycerin, facilitating
the observation of their structures. Nematodes were identified until the genus level, using
pictorial key identification [63–65] and the online identification keys/literature available in
the NeMys database [66].

2.3. Structure of Nematode Assemblages and Biological/Functional Traits

The richness (as the number of genera) and abundance of nematodes per genus (as
individuals per 10 cm2) were determined for each sample, and then nematode genera were
classified according to two functional traits:

(i) Life history strategies: each genera identified was classified according to its life
strategy on the spectrum of colonizer–persister (c-p score) [21,22]. The scale is defined from
extreme colonizers (c-p score = 1) to extreme persisters (c-p score = 5). The maturity index
(MI) of the community was calculated using the following formula [22]:

MI = Σ (v(i) × f(i))

where v(i) = the c-p value of genus i, and f(i) = the relative frequency of genus i.
(ii) Trophic groups: nematode genera were assigned to feeding types according to

Wieser’s (1953) classification based on the morphology of the buccal cavity–selective de-
posit feeder (1A), nonselective deposit feeder (1B), epigrowth feeder (2A), and omni-
vore/predator (2B). This classification was used to calculate the index of trophic diversity
(ITD) [18], calculated as

ITD = Σ θ2

where θ is the percentage contribution of each trophic group according to Wieser (1953) [20].
ITD values range between 0.25 (high trophic diversity: the 4 groups have a representation
of 25%) and 1.0 (low trophic diversity: a single trophic group dominates at 100%).

2.4. Statistical Analysis

Multi- and univariate techniques were used for data analysis using the softwares PRIMER
6.0.2 [67], STATISTICA 10.0 from StatSoft, and R (R Development Core Team, 2020) [68].

We performed 2-way ANOVAs to establish statistical differences in water variables
(temperature, salinity, pH, and depth) between sectors and time.
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To establish taxonomic and functional patterns, we selected all genera with abun-
dances greater than 30 individuals (in at least one of the sectors), total abundance, ITD,
MI, and trophic groups (1A, 1B, 2A, 2B) for additional analysis. The responses of nema-
todes (taxonomic and functional structure) to the sediment attributes (OM, granulometry,
biopolymers, chl-a, and phaeopigments) and nematode assemblages–taxonomic (richness
and abundance per genera) and functional structure (MI and ITD) to consider estuarine
sectors. The data were analyzed separately by sampling time, with sites nested within sec-
tors. The glmm on gamma distribution failed to converge; we then fitted models based on
the Gaussian distribution (R package: R Development Core Team, 2020) [68]. For sediment
fractions, however, we had only a single replicate sample per site; here, a site represents a
replicate unit, and we did not run mixed modeling.

Also, the distribution of environmental variables along the estuary were visualized by
performing principal component analysis (PCA) based on previously standardized envi-
ronmental data with all samples from both sampling times (data from autumn and spring).

Non-metric multidimensional scaling (n-MDS) using the Bray–Curtis similarity mea-
sure was performed to order the sampling sites according to nematofauna attributes: (i) the
relative abundance of trophic groups and (ii) log x + 1 genus abundance, for each one of
the two sampling times. The n-MDS was performed using 999 permutations.

3. Results
3.1. The Environment

The abiotic variables measured in situ in both times (November 2014 and April 2015)
are shown in Table 1. None of the sampled sites exceeded two meters of depth; however,
greater depths were recorded at all sites in spring (non-significant differences). The water
temperature showed seasonal values typical of Southern Hemisphere temperate latitudes.
In both samplings, the temperature did not exceed 25 ◦C, with significantly higher values in
spring than in autumn (F (1.20) = 4.96, p < 0.05). Water pH showed marine water conditions
both in spring and autumn, with higher values in the outer sectors than in the inner ones
(F (1.20) = 6.11, p < 0.05). In addition, homogeneous salinity values were recorded in all
sampling sites in spring, while in autumn, significantly higher values were observed in the
outer sectors (F (1.20) = 21.04, p < 0.01). The sand bar remained open in both samplings; in
spring, the sand bar was opened artificially a few days before the sampling. Approximately
one month before the autumn sampling, the sand bar was naturally opened by wind
action. The accumulated rainfall recorded at the Rocha station 10 days before the spring
sampling was 58 mm, while in autumn, it was 13 mm (Meteomanz © 2005–2023, VMO
index = 86565) [50].

Table 1. Water column environmental variables recorded in situ for both sampling times: spring and
autumn, respectively. O1-O6: outer sites; I1-I6: inner sites.

Spring Autumn

Sites Depth (m) Temperature (◦C) Salinity pH Depth (m) Temperature (◦C) Salinity pH

O1 1 22.1 7.8 8.23 0.3 20.4 24.3 8.84
O2 1 21.7 7.9 8.35 0.6 20.6 25.1 8.67
O3 1 23.3 8.4 8.59 0.3 22 26 8.42
O4 1.2 23.1 8.2 8.59 1.6 20.9 26 8.01
O5 1 22.5 7.7 8.39 0.2 20.1 19.7 8.58
O6 0.7 23.3 8 8.5 0.3 20.8 19.4 8.56
I1 1.8 21.4 7.4 8.08 1.7 18.8 17.2 8.2
I2 1.8 21.6 7.2 8.06 1.6 18.5 17.1 8.26
I3 1.6 21 6.4 8 1.6 18.5 17.1 8.25
I4 1.2 21.3 7.6 8.37 0.3 22.9 16.5 8.3
I5 1 22.3 8.2 8.49 0.5 23 16.9 8.54
I6 0.7 22.6 8.2 8.43 0.3 24.1 17.2 8.32
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The inner sector showed higher values of OM, Chl-a, phaeopigments, PRT, CHO, LIP,
mud, fine sand, and gravel than the outer sector (Table 2, Figures 2–4). These differences
between sectors were consistent in both times, except for the case of Chl-a, which in autumn
showed similar average values among sectors (Figure 3). Also, in autumn, fine sand showed
a higher proportion in the inner sector, while in spring, it presented similar values in both
sectors (Figure 2). The outer sector showed higher values of coarse sand in both times
(Table 2, Figure 2).
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Table 2. Glmm and Glm results for distribution patterns of physical–chemical parameters. Signifi-
cance levels are as follows: * < 0.05; ** < 0.01; *** < 0.001. The parameters analyzed with Glmm are
shown in black and the parameters analyzed with Glm are shown in red.

Spring Autumn

Model Estimate Std Error t Value Pr(>|t|) Estimate Std Error t Value Pr(>|t|)

OM
Intercept 0.009142 0.007571 1.208 0.227 0.007983 0.007302 1.093 0.27427

Sector 0.057063 0.011086 5.147 2.64 × 10−7 *** 0.030412 0.010326 2.945 0.00323 **

Chl-a
Intercept 3.830 3.088 1.24 0.214812 8.309 2.149 3.866 0.000111 ***

Sector 16.849 4.457 −3.78 0.000157 *** 4.204 3.039 1.383 0.166633

Phaeopig
Intercept 1.019 3.320 0.307 0.759 2.977 2.513 1.184 0.236310

Sector 24.017 4.856 4.946 7.56 × 10−7 *** 12.139 3.555 3.415 0.000637 ***

PTR
Intercept 1.0065 0.3300 3.050 0.00229 ** 0.8762 0.2899 3.023 0.0025 **

Sector 2.6729 0.4854 5.507 3.65 × 10−8 *** 1.7048 0.4099 4.159 3.2 × 10−5 ***

CHO
Intercept 0.8438 0.2412 3.498 0.000469 *** 1.1689 0.2677 4.367 1.26 × 10−5 ***

Sector 0.9905 0.3545 2.794 0.005210 ** 0.8342 0.3786 2.204 0.0275 *

LIP
Intercept 0.1891 0.1581 1.196 0.232 0.3026 0.1709 1.771 0.0766

Sector 1.0033 0.2303 4.356 1.33 × 10−5 *** 1.0558 0.2417 4.369 1.25 × 10−5 ***

BPC
Intercept 0.8211 0.1936 4.242 6.86 × 10−5 *** 1.1238 0.2925 3.842 0.000122 ***

Sector 2.6098 0.2738 9.533 3.71 × 10−14 *** 1.9609 0.4137 4.740 2.14 × 10−6 ***

Gravel
Intercept 522.4 108.5 4.814 2.99 × 10−5 *** 522.4 108.5 4.814 2.99 × 10−5 ***

Sector −512.2 108.6 −4.718 3.97 × 10−5 *** −512.2 108.6 −4.718 3.97 × 10−5 ***

Mud
Intercept 13.980 1.873 7.462 1.17 × 10−8 *** 35.357 5.304 6.666 1.19 × 10−7 ***

Sector −11.736 1.897 −6.185 4.96 × 10−7 *** −31.979 5.328 −6.002 8.56 × 10−7 ***

Coarse
Sand

Intercept 0.4152 0.3451 4.971 1.87 × 10−5 *** 1.4084 0.3021 4.661 4.7 × 10−5 ***
Sector 4.9929 1.3928 3.585 0.00105 ** 2.9553 0.9837 3.004 0.00497 **

Medium
Sand

Intercept 4.604 1.104 4.172 0.000197 *** 5.387 1.002 5.376 5.58 × 10−6 ***
Sector 4.796 2.509 1.911 0.064417 4.747 2.135 2.223 0.0329 *

Fine
Sand

Intercept 7.873 2.011 3.915 0.000412 *** 13.490 2.304 5.854 1.33 × 10−6 ***
Sector −2.611 2.418 −1.080 0.287906 −9.897 2.385 −4.151 0.00021 ***

Medium
grain size

Intercept 0.0020259 0.0002110 9.603 3.26 × 10−11 *** 0.0020465 0.0002901 7.055 3.81 × 10−8 ***
Sector −0.0004943 76.074 −1.869 0.0702 0.0017483 0.0006112 2.861 0.00718 **

Homogeneity
Intercept 0.0035063 0.0003920 8.944 1.88 × 10−10 *** 0.58567 0.07701 7.605 7.76 × 10−9 ***

Sector −0.0026019 0.0004049 −6.426 2.42 × 10−7 *** −0.40652 0.08053 −5.048 1.49 × 10−5 ***
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The PRT: CHO ratio was >1 in the spring sampling in both sectors (except in sites O6
and I1) and also in the autumn sampling in the inner sector (excepting site I2), while in the
outer sector, it was < 1. The CHO: LIP ratio was >> 1 in both sectors for both samplings
(except I4 in spring and I1 in autumn). In both samplings, BPC showed higher values in
the inner sector than in the outer (Tables 2 and 3).
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Table 3. Biopolymeric carbon (BPC), protein-to-carbohydrate ratio (PRT/CHO), and carbohydrate-to-
lipid ratio (CHO/LIP) in both sampling times: spring and autumn, respectively. O1–O6: outer sites;
I1–I6: inner sites. Mean values and standard deviation.

SPRING AUTUMN

Sites BPC (mg C g−1) PRT/CHO CHO/LIP BPC (mg C g−1) PRT/CHO CHO/LIP

O1 1.32 ± 0.2 1.67 ± 0.73 4.31 ± 0.69 1.04 ± 0.02 0.88 ± 0.04 6.28 ± 0.14
O2 0.23 ± 0.01 2.09 ± 0.2 4.39 ± 2.49 1 ± 0.28 0.51 ± 0.02 4.56 ± 2.3
O3 0.68 ± 0.03 1.74 ± 0.21 3.83 ± 0.63 0.17 ± 0 0.7 ± 0.03 4.36 ± 1.87
O4 0.06 ± 0.01 1.31 ± 0.05 4.88 ± 3.67 1.25 ± 0.27 0.52 ± 0.17 0.52 ± 0.17
O5 0.68 ± 0.01 1.44 ± 0.42 4.05 ± 1.98 1.05 ± 0.19 0.77 ± 0.05 2.75 ± 0.3
O6 1.96 ± 0.01 0.95 ± 0.03 4.52 ± 0.15 2.22 ± 0.18 1.05 ± 0.06 2.96 ± 0.33
I1 3.43 ± 0.19 2.18 ± 0.14 1.38 ± 0.31 3.97 ± 0.13 2.31 ± 0.47 0.89 ± 0.33
I2 4.02 ± 0.12 1.66 ± 0.18 2.1 ± 0.89 3.59 ± 0.24 0.5 ± 0.03 1.76 ± 0.21
I3 3.13 ± 0.01 1.99 ± 0.24 1.59 ± 0.01 3.68 ± 0.18 1.19 ± 0.19 1.82 ± 0.29
I4 3.67 ± 0.12 5.1 ± 1.29 0.72 ± 0.21 2.62 ± 0.48 2.66 ± 0.86 1.42 ± 0.69
I5 4.82 ± 0.87 1.88 ± 0.2 1.35 ± 0.62 3.13 ± 0.25 1.41 ± 0.03 1.15 ± 0.21
I6 1.51 ± 0.27 0.93 ± 0.08 13.76 ± 3.18 1.52 ± 0.09 0.97 ± 0.07 3.9 ± 0.24

PCA performed with both water and sediment variables together showed that the
water variables explained only a small proportion of the observed patterns and were
associated with axis 2 (the axis with a low eigenvalue). Salinity was partially associated
with both axes with the same eigenvectors. For this reason, the water variables were
excluded, and only the sediment variables were included in the analysis. For this analysis,
the first two PCA axes based on sediment variables explained 80.4% of the total variance
(Figure 5, Table S1). PC1 explained over 68%; it showed a positive correlation with OM,
PRT, mud, and BPC and a negative correlation with coarse sand. PC2 explained over 12.4%;
it showed a negative correlation with CHO and medium and fine sand (Figure 5, Table S1).
The ordination diagram shows a separation of the inner and outer sectors in both samplings,
except for site I6 (located on the old sand bar), which shows similar characteristics to the
outer sites in both times. In addition, the site most distant to the sand bar (O6) in spring
was separated from the other outer sites.
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Figure 5. Principal component analysis of the inner (I, I+) and outer (O) sectors of Rocha Lagoon for
both sampling times based on environmental and biochemical variables. OM: organic matter, C sand:
%coarse sand; M sand: %medium sand; F sand: %fine sand; BPC: biopolymeric carbon; PRT: total
proteins, CHO: total carbohydrates. Oa: outer autumn, Ia: inner autumn; Os: outer spring; Is: inner
spring; I+: inner sites in old sandbar.
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3.2. The Nematofauna

A total of twenty-six genera of free-living nematodes were recorded for the first time
in Rocha Lagoon. Twenty-five genera were recorded in the outer sector, with Enoplo-
laimus, Mesacanthion, Mesorhabditis, Monhystera, Prismatolaimidae sp1, Diplogastridae sp2,
Paracyatholaimus, and Pomponema exclusively recorded in this sector. In the inner sector,
twenty-one genera were determined, with Halalaimus, Kosswigonema, and Meloidogyne ex-
clusively recorded in this sector (Table S2). In spring, the most abundant genera in the
outer sector were Theristus (37.4%), Sabatieria (16.1%), and Neochromadora (13.3%), while in
the inner sector, Theristus (26.3%), Pseudochromadora (16.4%), and Sabatieria (15.8%) predom-
inated. On the other hand, in autumn, the outer sector was dominated by Neochromadora
(38.6%), Viscosia (32.1%), and Paralinhomoeus (10%), while in the inner sector, Viscosia (22.7%),
Neochromadora (20.6%), and Theristus (15.5%) were dominant (Figure 6).
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Figure 6. Proportion of the most abundant genera (%) discriminated by time and sector.

Significant differences in the number of individuals were observed among sectors
for 3 of the 12 genera recorded. Oxytomina were significantly more abundant in the inner
sites in both sampling times (Table 4, Figure 7). Variation among sectors depending on
sampling time were observed in the abundance of Anonchus. The genus Anonchus was more
abundant in the inner sector than the outer in autumn, while in spring, non-individuals
were registered (Figure 7). Neochromadora was more abundant in the outer sector than the
inner in spring (Figure 7). Non-significant differences in the number of individuals between
sectors were found in the genera Anoplostoma, Daptonema, Leptolaimus, Paralinhomoeus,
and Theristus.

Table 4. Glmm results for distribution patterns of biotic parameters. Significance levels are as follows:
* < 0.05; ** < 0.01; *** < 0.001.

Spring Autumn

Model Estimate Std Error t Value Pr(>|t|) Estimate Std Error t Value Pr(>|t|)

Anonchus
Intercept - - - - 0.6611 1.6709 0.396 0.692

Sector - - - - 10.6512 2.3630 4.507 6.56 × 10−6 ***

Anoplostoma
Intercept 2.558 1.955 1.308 0.191 0.6611 0.5272 1.254 0.210

Sector 1.409 2.792 0.505 0.614 0.8815 0.7455 1.182 0.237

Daptonema Intercept 2.355 1.232 1.911 0.056 1.983 1.474 1.346 0.178
Sector 1.832 1.765 1.038 0.299 3.159 2.084 1.516 0.130

Leptolaimus Intercept 2.3015 1.2519 1.838 0.066 3.967 1.911 2.076 0.0379 *
Sector 0.4898 1.7789 0.275 0.783 −1.175 2.702 −0.435 0.6636

Neochromadora Intercept 7.313 1.748 4.183 2.87 × 10−5 *** 47.233 16.953 2.786 0.00534 **
Sector −7.019 2.518 −2.788 0.00531 ** −4.921 23.975 −0.205 0.83736

Oxystomina Intercept 0.1129 1.1060 0.102 0.9187 0.2204 1.5063 0.146 0.88369
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Table 4. Cont.

Spring Autumn

Model Estimate Std Error t Value Pr(>|t|) Estimate Std Error t Value Pr(>|t|)

Sector 4.0741 1.5879 2.566 0.0103 * 6.1704 2.1302 2.897 0.00377 **

Pseudochromadora Intercept 6.665 9.743 0.684 0.4939 3.820 8.148 0.469 0.639
Sector 24.040 14.066 1.709 0.0874 16.381 11.523 1.422 0.155

Paralinhomoeus Intercept 0.5877 7.1725 0.082 0.9349 11.973 7.935 1.509 0.131
Sector 18.4377 10.1435 1.818 0.0735 −1.910 11.222 −0.170 0.865

Sabatieria Intercept 11.405 9.507 1.200 0.230 1.249 5.567 0.224 0.823
Sector 18.198 13.939 1.306 0.192 10.284 7.873 1.306 0.191

Theristus Intercept - - - - 8.301 10.867 0.764 0.445
Sector - - - - 23.580 15.368 1.534 0.125

Terschellingia Intercept 0.5345 10.7780 0.05 0.960 0.1469 5.7743 0.025 0.980
Sector 25.9834 15.8434 1.64 0.101 12.9284 8.1662 1.583 0.113

Viscosia Intercept 2.42520 1.54081 1.574 0.115 39.520 19.451 2.032 0.0422 *
Sector 0.07233 2.24429 0.032 0.974 7.125 27.507 0.259 0.7956

Total abundance Intercept 59.52 37.57 1.584 0.113 121.42 41.52 2.924 0.00345 **
Sector 119.57 55.10 2.170 0.030 * 84.48 58.72 1.438 0.15029

Richness Intercept 7.2090 0.8050 8.955 <2 × 10−16 *** 7.2222 0.9207 7.844 4.36 × 10−15 ***
Sector 0.2355 1.1610 0.203 0.839 2.1111 1.3021 1.621 0.105

MI Intercept 2.74843 0.05854 46.95 <2 × 10−16 *** 2.42332 0.08976 26.999 <2 × 10−16 ***
Sector 0.09707 0.08279 1.17 0.241 0.32539 0.12694 2.563 0.0104 *

ITD Intercept 0.37083 0.02621 14.149 <2 × 10−16 *** 0.50440 0.03082 16.364 <2 × 10−16 ***
Sector 0.01264 0.03787 0.334 0.739 −0.08595 0.04359 −1.972 0.0486 *

Several genera presented a different pattern between the inner sectors of the main
lagoon (I1, I2, I3) and the inner sectors of the old sandbar (I4, I5, I6). Such is the case of
Pseudochromadora, Sabatieria, and Terschellingia, which present higher abundances in the old
bar (Figure 7).

In addition, time differences were observed (not statistically tested), and Viscosia
showed higher abundances in autumn than in spring (Figure 7). The total abundance
of nematodes was higher in autumn than in spring, and in both samplings, there was
higher abundance in the inner sector than in the outer one; in spring this difference was
significant (Figure 8a). The richness did not show significant differences between sectors
(Table 4, Figure 8b).

An nMDS ordination plot (based on a similarity matrix of the genera) for the autumn
sampling showed that the inner sites, located in the central body of the lagoon, had a very
different nematode assemblage respect compared to the outer and inner sites located in the
old sandbar (Figure 9a). In addition, in the spring sampling, the inner sites located in the
old sandbar of the lagoon showed a very different nematode assemblage with respect to
the others (Figure 9b).

ITD values showed a significant sector variation, whit higher values in outers sites than
inners in autumn sampling (Figure 10). We observed differences among sectors depending
on the sampling time in the deposit feeder, epigrowth feeder, and predators/omnivores.
The epigrowth feeder showed greater abundances in the outer sector in both sampling
times. However, in autumn, the nonselective and selective deposit feeder nematodes
showed greater abundances in the inner sector, while in spring, there were no significant
differences between sectors. The predators/omnivores showed greater abundances in the
inner sector in spring (Figure 11). Also, we observed variation among sectors depending
on the sampling time in the MI values. The MI showed equal values between sectors in
spring, but in autumn, it showed greater values in the inner sector compared to the outer
sector. The increase in MI (to values of 3) indicates a lack of disturbance effects (Table 4,
Figure 10). In addition, ITD values showed temporal variation (not statistically tested), with
higher values in autumn than spring. Lower ITD values imply a greater trophic diversity in
spring (Figure 10). Differences in ITD values were due to changes in the deposit feeder and
epigrowth feeder abundances, with a higher abundance of these two groups in autumn
than in spring, and a higher selective deposit feeder abundance in spring than in autumn
(Table 4, Figure 11).
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Figure 11. Mean and SD abundance of feeding types (%) of nematode assemblages in sediments
from the inner (I) and outer (O) sites of Rocha Lagoon for both sampling samplings. Error bars are
standard deviations. Deposit feeder (1A), nonselective deposit feeder (1B), epigrowth feeder (2A),
and omnivore/predator (2B).

The nMDS ordination plot (based on the similarity matrix of trophic groups) in the
autumn sampling suggests that inner sites had a different trophic assemblage compared to
the outer sites. In addition, some inner sites (those from the old sandbar) were grouped
with the outer sites (Figure 9c). In the spring sampling, three groups of sites were observed,
evidencing three different trophic assemblages (Figure 9d).

4. Discussion
4.1. Environmental Patterns

Higher depths and homogeneous salinity values across the lagoon in spring, which
could be related to the level of rainfall before the sampling date and the fact that the sandbar
had only been open for only a few days, impeded the outflow of water into the ocean.
In autumn, the higher salinity in the outer sector could be related to the length of time
the sandbar had been open (approximately one month), and its natural opening was due
to the persistence of southeast winds. Several authors have already emphasized that an
intermittent connection with an ocean constitutes a structuring factor of coastal lagoons,
e.g., [39,69]. At the beginning of the intrusion, the southern region of the lagoon has waters
of similar salinities; surely, this would be the scenario in the spring season. In the case
that the intrusion continues, a saline gradient is generated, separating the southern region
(with marine characteristics) from that located near the streams (northern region, which
exhibits a predominance of limnetic conditions). This would be the scenario recorded in
the autumn sampling. If conditions favorable to intrusion persist (winds from the south
and open sand bar), the intrusion can reach the northern region of the lagoon, which can
present estuarine characteristics [39]. Similarly, the lagoon becomes homogeneous again
once the connection is cut, and the horizontal salinity gradient tends to disappear, leaving
a remnant of it that lies in the difference between the mouth and the inner part or head of
the lagoon that receives freshwater inputs from the continent [40]. The temporal patterns
in temperature were attributed to normal seasonal variation, which is consistent with
previous studies [25,70].

Sediment differences between sectors were already reported in previous studies [25,46,48].
The inner sector of Rocha Lagoon, dominated by mud and fine sands, is therefore a more
sheltered region, less exposed to the force of the ocean and wind, generating a lower-energy
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environment, containing higher sedimentary organic matter, Chl-a, and phaeopigments.
The presence of gravel in the inner sector has already been observed in previous stud-
ies [25,47,48], highlighting that this fraction corresponds to the presence of biogenic clasts
(shells), indicating an accumulation of this type of material.

The organic biopolymers (CHO, PRT, and LIP) studied were used to assess the de-
gree of organic matter degradation, nutritional value, and trophic status of the benthic
environment [71]. The present study determined in both samplings a higher proportion
of PRT, CHO, and LIP in the inner sector of the lagoon, a pattern that had already been
evidenced by Pita et al. (2017) [49]. Proteins, which are the most abundant biopolymer
in Rocha Lagoon, represent the main source of nitrogen for heterotrophic organisms and
are consumed at a higher rate than carbohydrates [72], and their presence in sediments
reflects the productivity of aquatic systems [73]. The PRT/CHO ratio is used as an indicator
of the relative age of sedimentary organic matter [74], and when it is greater than 1, it is
indicative of new and fresh organic matter, while if PRT/CHO < 1, it is indicative of old
and degraded organic matter [71]. In spring in both sectors and in autumn in the inner
sector, this ratio confirms the presence of new and fresh organic matter. In the outer sector,
in autumn, values indicate the presence of old and degraded organic matter. Increases
in organic matter recently produced are generally associated with peaks of benthic pri-
mary production [60] and recent phytoplankton inputs from water column deposition [75].
Therefore, the differences observed between sampling times must be related to seasonal
patterns in productivity, with higher productivity in spring. This could also be related to
the lagoon’s morphodynamics, where the inner sector presents more stable conditions and
the dominance of fine sediments, which retain more organic matter. This explains that even
in a season of lower productivity, such as autumn, the inner sector presents new and fresh
organic matter. In this sense, our results are consistent with the seasonal patterns found by
Pita et al. (2017) regarding the relative age of sedimentary organic matter [49]. In addition,
the lipid concentration has been related to the labile fraction of organic matter, and the
CHO/LIP ratio is used as an indicator of the energy value of sedimentary organic matter
as food for benthos [72]. In both samplings, the CHO/LIP ratio indicated a low energetic
value of the organic matter. The results of this work differ in this aspect from those found
by Pita et al. (2017), who reported a higher energetic value in sediments in spring with
respect to those in autumn, attributing it to seasonal productivity differences [49]. This
difference can be explained by the rainfall recorded in spring, which could have increased
freshwater inflow into the lagoon and an influx of terrigenous particulate matter with
low energy value. The concentrations of biopolymeric carbon (BPC) recorded were like
previously reported in Rocha Lagoon, as was the record of its highest values in the inner
sector of the lagoon [49], suggesting a better quality of organic matter in this sector [60].

The PCA performed in our study based on sediment characteristics (grain size and
organic content and quality) showed a separation of the two sectors in both times. This
pattern was reported by previous studies, which describes that the inner sector presents
fine sediments with higher organic content than the outer sector [25,48].

4.2. Environmental Drivers of the Taxonomy Patterns

The observed assembly structure with a few dominant genera and a greater number
with low abundance is typical of muddy substrates [5,18,76]. The presence of the genera
Enoplolaimus, Mesacanthion, Mesorhabditis, Monhystera, Pomponema, and Paracyatholaimus
exclusively in the outer sector would be explained by their preference for coarser sediments
and would be consistent with previous research. In this sense, Enoplolaimus and Mon-
hystera are typical genera of non-impacted sandy beaches [77–79]. Mesacanthion has been
recorded on sandy and rocky beaches and oceanic islands, as has Pomponema, which has
also been recorded in estuaries [77], with higher abundance in pristine, low-organic-load
sites. [18,22,80]. Mesorhabditis is a terrestrial genus that feeds on bacteria, so its arrival in
the outer sector of the lagoon would be the result of transport by runoff from land [81].
This also happens in marine coasts, and in the upper littorals of the sea, the genus Rabditis
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also appears, which is terrestrial, always with low numbers. This is a casual phenomenon
brought by rainfall currents, but terrestrial genera are short-lived in aquatic environments,
so they would not have major implications on the sediment ecosystem dynamics in the
outer sector. The genera Halalaimus, Kosswigonema, and Meloidogyne were recorded ex-
clusively in the inner sector. Halalaimus is typical of environments with high content of
mud [82], while Kosswigonema has been originally described in sandy beaches [79,83], with
this being the second record in the inner sector of Rocha Lagoon, an environment with
a predominance of fine sediment [11]. Meloidogyne is a parasitic nematode of terrestrial
plants [84]. The multiple uses of coastal areas can mobilize terrigenous materials into
water bodies in quantities similar or even greater than those introduced through natural
meteorization processes [85]. So, the register of Meloidogyne in the inner sector of the lagoon
would be the result of runoff transport.

The genera Anoplostoma, Daptonema, Leptolaimus, Paralinhomoeus, and Theristus ob-
served in both sectors showed no changes between sectors. They are also typical of marine
and estuarine sediments; however, several species of these genera are found even in fresh-
water environments, indicating great plasticity and tolerance to different salinities [86,87].
The same occurred with Terschellingia and Sabatieria. These genera are tolerant to enrich-
ment [11,88]. Species of the genus Terschellingia are tolerant to a diversity of stressors in
soft bottoms [89]. Sabatieria is tolerant to aquaculture deposition and is even adapted to
live in environments with high organic carbon loads and low-oxygen and high-sulfide
concentrations, indicating great plasticity and tolerance to different conditions [90,91].

In addition, three types of responses were observed when evaluating the other gen-
era: some genera showed spatial patterns (differences between sectors); others, temporal
patterns (differences between times); and others showed different spatial performances
depending on the time. The genus Oxystomina showed spatial patterns, and was more
abundant in the inner than in the outer sector. Oxystomina appeared to be tolerant to
enrichment [11,88]. Neochromadora was favored by medium and coarse sands in the outer
sectors in spring.

The genus Viscosia showed temporal variations, and was more abundant in autumn
than in spring. The increased abundance of these genera was reflected in the total abun-
dance, which was higher in autumn than in spring. Viscosia was favored by medium and
coarse sands in autumn and was more evident in both sectors. Viscosia’s ability to exploit a
wide range of food resources may explain its high abundance [92]. The high abundances of
Viscosia in both sectors in autumn could be explained considering that Viscosia is a scavenger
and feeds on dead and decaying meiofauna.

The genus Anonchus showed different spatial patterns depending on time with higher
abundance in the inner sites in autumn, while absent in spring. Anonchus is considered
a euryhaline genus [87] and a facultative predator that occurs in great abundance in this
sector, which may be benefiting from the mud sediment [93].

In previous studies on Uruguayan estuaries (including Rocha Lagoon), it was estab-
lished that variables such as salinity and temperature have no direct effect on the assembly
of meiofauna [25], and in the present study, no pattern related to aquatic variables could
be observed in nematode assemblage. Small benthic organisms are subject to the same
processes of erosion, suspension, and transport that act on sediment particles [94]. A lower
pressure of these processes together with high food availability would explain the higher
total abundance of nematodes in the more protected and less hydrodynamic inner sites.

The input of organic matter to the sediment is basically composed of a labile and a
refractory fraction. The labile fraction is easily digestible and assimilated by heterotrophs; it
is the bioavailable fraction, composed mainly of the biopolymer’s carbohydrates, lipids, and
proteins [74]. Organic matter is the main source of energy for benthic organisms [95,96]. The
quantity, composition and quality of bioavailable organic matter influence the productivity
of the benthic system [97]. In this sense, a higher concentration of biopolymers in the inner
sector would be responsible for supporting a higher abundance of nematodes.
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In addition, the nematode assemblage of the inner sector shows a variable behavior
between times; in autumn, some inner sites (I+, those of the old sandbar) were grouped
with those of the outer sites, while in spring, the inner sites located in the old sandbar
(I+) of the lagoon remained together, forming a different group with a different nematode
assemblage. This is probably related to the history of the old sandbar. In the past, the
lagoon was connected to the Atlantic Ocean in this area, resulting in a sandier bottom
environment than the remainder of the inner sector. Temporally, the strong winds of
spring [98] probably have a higher effect on the main body of the lagoon, promoting more
similar conditions in both sectors, except those of the old sandbar, which remain as a more
sheltered environment.

4.3. Environmental Drivers of Functional Patterns

The functional role of nematodes according to feeding type was first described by
Wieser (1953) and can be exploited to better understand the dynamics of a particular
ecosystem, as this approach, despite its known limitations, provides valuable information
about the ecosystem [20]. The relative proportion of each of the four nematode feeding
groups in a community generally depends on the nature of the available food, which in turn
depends on the composition of the sediment [24,92]. The quantity and quality of organic
matter have a fundamental influence on the biomass distribution and trophic structure of
benthic communities in general [93]. Meiofaunal organisms, particularly nematodes, are
agile and rapidly exploit fresh organic material [99]. This is reflected in the present study in
the different spatial performances depending on the time of some trophic groups and MI.
The sediment in spring in both sectors showed new and fresh organic matter, explaining
the non-differences between the inner and outer sectors in the groups 1A and 1B, which
benefited from the greater availability of new and fresh organic matter.

During the autumn sampling, old and degraded organic matter and a higher presence
of predatory organisms (2B) and epigrowth feeder (2A) characterized the outer sector. This
also highlights the low percentages of deposit feeders in this sector. On the other hand, new
and fresh organic matter and the dominance of deposit feeders 1A and 1B characterized the
inner sector. This agrees with other research that determined that fine sediments with high
concentrations of organic matter promote the dominance of nematodes’ selective deposit
feeders, 1B and 2A, as they can utilize excess organic matter in the sediments and diatom
primary production [100,101].

The high abundance of predators, according to Semprucci et al. (2015), would show
a more heterogeneous and well-structured trophic assemblage, indicating greater habitat
complexity [102]. The present results do not agree with this assessment, as the lowest
trophic diversity was found in the outer areas in autumn, with a predominance of predators.

The assemblage of trophic groups observed in the nMDS diagrams shows that in
spring, there is a separation between the outer and inner sectors, and in turn, the inner
sectors of the old bar are separated from those of the lagoon body. These patterns cannot be
attributed to the quality of the organic matter as it was fresh at all sites. While in autumn,
the separation is between the inner and outer sites, in this case, it seems to be responding
to the differences between sectors of the organic matter quality.

The MI, according to Semprucci et al. (2010, 2013), responds to the river discharge
and is more efficient than diversity indices in detecting disturbance effects; however, it is
also sensitive to sediment grain size [103,104]. The MI and c-p categories can sometimes
fail to identify the dominant stressor when multiple stressors act together [103]. Estuaries
are environments where multiple stressors act in combination (e.g., variation in salinity,
organic inputs); however, the MI showed a good performance. It was able to detect changes
in the quality of organic matter (freshness), both spatially and temporally. In this sense, the
MI would be appropriate for the monitoring of Laguna de Rocha.
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5. Conclusions

From the above, we conclude that trophic groups respond differentially to the quality
of organic matter, specifically to its palatability, and that this response is reflected in the
trophic diversity index. This index has generally been used to relate trophic diversity
to pollution levels. The present study suggests its use in evaluating other aspects of the
communities, while a greater amount of organic matter is responsible for sustaining a more
abundant community, which was evidenced by a higher abundance in the inner sector
of all genera. The functional (trophic) structure of the community is determined by the
quality of that matter, which was reflected in the different proportion of the trophic groups
in response to the organic matter freshness.

Our study shows that the content and composition of organic matter is the modeling
factor of the taxonomic and trophic structure of the nematode community. In addition, we
show a more robust analysis of the community through the joint analysis of both attributes.
The functional traits introduce a new dimensionality that could not be detected otherwise
using solely taxonomical information, making information available for the detection of
changes in the trophic status of sediments in coastal ecosystems. This type of information
could be useful as a baseline for the long-term monitoring of estuarine ecosystems, even
more so under the current scenario of intensifying the eutrophication and land use of
these ecosystems.
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abundant genera by sector.

Author Contributions: Conceptualization, N.K., C.P.d.W. and P.M.; methodology, N.K., N.V., L.G.
and P.M.; formal analysis, N.K.; data curation, N.K. and C.P.d.W.; writing—original draft preparation,
N.K.; writing—review and editing, N.K., C.P.d.W., N.V., L.G. and P.M.; supervision, C.P.d.W. and P.M.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data included in the article area available upon request to the authors.

Acknowledgments: This article is part of the doctoral thesis of the first author, who acknowledges
PEDECIBA and CAP (Udelar) for their scholarships. We are very grateful to our colleagues from
Oceanografía y Ecología Marina (OEM), Facultad de Ciencias, Universidad de la República, for
assistance in sampling and laboratory analysis. Special thanks go to K. Iglesias and A. Tudurí for help
in the laboratory analysis. Thank you to CSIC-Universidad de la República for providing support
through the I + D project (“Impacto de eventos de hipoxia y anoxia en ecosistemas estuarinos de
la costa uruguaya”). N.K., N.V., and P.M. would like to thank SNI-ANII. Special thanks go to the
anonymous reviewers whose comments improved the quality of this manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Underwood, A.J.; Chapman, M.G.; Connell, S.D. Observations in ecology: You can’t make progress on processes without

understanding the patterns. J. Exp. Mar. Bio. Ecol. 2000, 250, 97–115. [CrossRef] [PubMed]
2. Morin, P.J. Community Ecology, 1st ed.; Blackwell Science, Inc.: New York, NY, USA, 2011; p. 384.
3. Chang, C.Y.; Marshall, D.J. Spatial pattern of distribution of marine invertebrates within a subtidal community: Do communities

vary more among patches or plots. Ecol. Evol. 2016, 6, 8330–8337. [CrossRef] [PubMed]
4. Semprucci, F.; Sandulli, R. Editorial for Special Issue “Meiofauna Biodiversity and Ecology”. Diversity 2020, 12, 249. [CrossRef]

https://www.mdpi.com/article/10.3390/d16110688/s1
https://www.mdpi.com/article/10.3390/d16110688/s1
https://doi.org/10.1016/S0022-0981(00)00181-7
https://www.ncbi.nlm.nih.gov/pubmed/10969165
https://doi.org/10.1002/ece3.2462
https://www.ncbi.nlm.nih.gov/pubmed/27878099
https://doi.org/10.3390/d12060249


Diversity 2024, 16, 688 18 of 21

5. Pérez-García, J.A.; Armenteros, M.; Diaz-Asencio, L.; Diaz-Asencio, M.; Ruiz-Abierno, A.; Fernadez-Garces, R.; Bolaños-Alvarez,
Y.; Alonso-Hernandez, C. Spatial distribution of nematode assemblages in Cienfuegos Bay (Caribbean Sea), and their relationship
with sedimentary environment. Meiofauna Mar. 2009, 17, 71–81.

6. Sroczynska, K.; Chainho, P.; Vieira, S.; Adao, H. What makes a better indicator? Taxonomic vs functional response of nematodes
to estuarine gradient. Ecol. Indic. 2021, 121, 107113. [CrossRef]

7. Heino, J. Biodiversity of aquatic insects: Spatial gradients and environmental correlates of assemblage-level measures at large
scales. Freshw. Rev. 2009, 2, 1–29. [CrossRef]

8. Sheaves, M. Scale-dependent variation in composition of fish fauna among sandy tropical estuarine embayments. Mar. Ecol. Prog.
Ser. 2006, 310, 173–184. [CrossRef]

9. Friberg, N.; Bonada, N.; Bradley, D.C.; Dunbar, M.J.; Edwards, F.K.; Grey, J.; Hayes, R.B.; Hildrew, A.G.; Lamouroux, N.; Trimmer,
M.; et al. Biomonitoring of human impacts in freshwater ecosystems. the good, the bad and the ugly. Adv. Ecol. Res. 2011, 44,
1–68. [CrossRef]

10. Tylianakis, J.M.; Lalibert’e, E.; Nielsen, A.; Bascompte, J. Conservation of species interaction networks. Biol. Conserv. 2010, 143,
2270–2279. [CrossRef]

11. Kandratavicius, N.; Pastor de Ward, C.; Venturini, N.; Giménez, L.; Rodriguez, M.; Muniz, P. Response of estuarine free-living
nematode assemblages to organic enrichment: An experimental approach. Mar. Ecol. Prog. Ser. 2018, 602, 117–133. [CrossRef]

12. Franzo, A.; Asioli, A.; Roscioli, C.; Patrolecco, L.; Bazzaro, M.; Del Negro, P.; Cibic, T. Influence of natural and anthropogenic
disturbances on foraminifera and freeliving nematodes in four lagoons of the Po delta system. Estuar. Coast. Shelf. Sci. 2019, 220,
99–110. [CrossRef]

13. Franzo, A.; Del Negro, P. Functional diversity of free-living nematodes in river lagoons: Can biological traits analysis (BTA)
integrate traditional taxonomic-based approaches as a monitoring tool? Mar. Environ. Res. 2019, 145, 164–176. [CrossRef]
[PubMed]

14. Zhong, X.; Qiu, B.; Liu, X. Functional diversity patterns of macrofauna in the adjacent waters of the Yangtze River Estuary. Mar.
Pollut. Bull. 2020, 154, 111032. [CrossRef] [PubMed]

15. McGill, B.J.; Enquist, B.J.; Weiher, E.; Westoby, M. Rebuilding community ecology from functional traits. Trends. Ecol. Evol. 2006,
21, 178–185. [CrossRef]

16. Norling, K.; Rosenberg, R.; Hulth, S.; Grémare, A.; Bonsdorff, E. Importance of functional biodiversity and species-specific traits
of benthic fauna for ecosystem functions in marine sediment. Mar. Ecol. Prog. Ser. 2007, 332, 11–23. [CrossRef]

17. Schratzberger, M.; Warr, K.; Rogers, S.I. Functional diversity of nematode communities in the southwestern North Sea. Mar.
Environ. Res. 2007, 63, 368–389. [CrossRef]

18. Heip, P.C.; Vincx, M.; Vranken, G. The ecology of marine nematodes. Oceanogr. Mar. Biol. Annu. Rev. 1985, 23, 399–489.
19. Danovaro, R.; Gambi, M.C.; Mirto, S.; Sandulli, R.; Ceccherelli, V.U. Meiofauna. In Biologia Marina Mediterranea; Gambi, M.C.,

Dappiano, M., Eds.; Societa Italiana Di Biologia Marina: Genova, Italy, 2004; Chapter 3; Volume 11, pp. 55–97.
20. Wieser, W. Die Beziehung zwischen Mundhöhlengestalt, Ernährungswiese und 1000 Vorkommen bei freilebenden marinen

Nematoden. Ark. Zool. 1953, 4, 439–484.
21. Bongers, T. The maturity index: An ecological measure of environmental disturbance based on nematode species composition.

Oecologia 1990, 83, 14–19. [CrossRef]
22. Bongers, T.; Alkemade, R.; Yeates, G.W. Interpretation of disturbance-induced maturity decrease in marine nematode assemblages

by means of the Maturity Index. Mar. Ecol. Prog. Ser. 1991, 76, 135–142. [CrossRef]
23. Nasri, A.; Aïssa, P.; Beyrem, H.; Mahmoudi, E. New Approach for the Evaluation of Ecological Quality in the Mediterranean

Coastal Ecosystems, Case Study of Bizerte Lagoon: Marine Nematodes Functional Traits Assessment. In Nematodes—Recent
Advances, Management and New Perspectives; Bellé, C., Kaspary, T., Eds.; Licensee IntechOpen: London, UK, 2022; 234p. [CrossRef]

24. Danovaro, R.; Gambi, C. Biodiversity and trophic structure of nematode assemblages in sea- grass systems: Evidence for a
coupling with changes in food availability. Mar. Biol. 2002, 141, 667–677. [CrossRef]

25. Kandratavicius, N.; Muniz, P.; Venturini, N.; Giménez, L. Meiobenthic communities in permanently open estuaries and
open/closed coastal lagoons of Uruguay (Atlantic coast of South America). Estuar. Coast. Shelf Sci. 2015, 163, 44–53. [CrossRef]

26. Galois, R.; Blanchard, G.; Seguignes, M.; Huet, V.; Joassard, L. Spatial distribution of sediment particulate organic matter on two
estuarine mufllats: A comparison between Marennes-Oléron Bay (France) and the Humber estuary. Cont. Shelf Res. 2000, 20,
1199–1217. [CrossRef]

27. Forster, S.J. Osmotic stress tolerance and osmoregulation of intertidal and subtidal nematodes. J. Exp. Mar. Bio. Ecol. 1998, 224,
109–125. [CrossRef]

28. Moens, T.; Vincx, M. Temperature and salinity constraints on the life cycle of two brackishwater nematode species. J. Exp. Mar.
Bio. Ecol. 2000, 243, 115–135. [CrossRef]

29. Ward, A.R. Studies on the sublittoral free living nematodes of Liverpool Bay II Influence of sediment composition on the
distribution of marine nematodes. Mar. Biol. 1975, 30, 217–225. [CrossRef]

30. Schratzberger, M.; Whomersley, P.; Kilbride, R.; Rees, H.L. Structure and taxonomic composition of subtidal nematode and
macrofauna assemblages at four stations around the UK coast. J. Mar. Biol. Assoc. U. K. 2004, 84, 315–322. [CrossRef]

31. Gray, J.S.; Elliott, M. Ecology of Marine Sediments; Oxford University Press: Oxford, UK, 2009; p. 225.

https://doi.org/10.1016/j.ecolind.2020.107113
https://doi.org/10.1608/FRJ-2.1.1
https://doi.org/10.3354/meps310173
https://doi.org/10.1016/B978-0-12-374794-5.00001-8
https://doi.org/10.1016/j.biocon.2009.12.004
https://doi.org/10.3354/meps12699
https://doi.org/10.1016/j.ecss.2019.02.039
https://doi.org/10.1016/j.marenvres.2019.02.015
https://www.ncbi.nlm.nih.gov/pubmed/30871813
https://doi.org/10.1016/j.marpolbul.2020.111032
https://www.ncbi.nlm.nih.gov/pubmed/32174487
https://doi.org/10.1016/j.tree.2006.02.002
https://doi.org/10.3354/meps332011
https://doi.org/10.1016/j.marenvres.2006.10.006
https://doi.org/10.1007/BF00324627
https://doi.org/10.3354/meps076135
https://doi.org/10.5772/intechopen.98815
https://doi.org/10.1007/s00227-002-0857-y
https://doi.org/10.1016/j.ecss.2015.05.030
https://doi.org/10.1016/S0278-4343(00)00019-4
https://doi.org/10.1016/S0022-0981(97)00192-5
https://doi.org/10.1016/S0022-0981(99)00113-6
https://doi.org/10.1007/BF00390744
https://doi.org/10.1017/S0025315404009208h


Diversity 2024, 16, 688 19 of 21

32. Stachowicz, J.J.; Bruno, J.F.; Duffy, J.E. Understanding the effects of marine biodiversity on communities and ecosystems. Annu.
Rev. Ecol. Evol. Syst. 2007, 38, 739–766. [CrossRef]

33. Heip, C.; Hummel, H.; van Avesaath, P.; Appeltans, W.; Arvaniditis, C.; Aspden, R.; Austen, M.C.; Boero, F.; Bouma, T.J.; Boxshall,
G.; et al. Marine Biodiversity and Ecosystem Functioning; Printbase. Marine Biodiversity and Ecosystem Functioning, EU Network
of Excellence: Dublin, Ireland, 2009; p. 91, ISSN 2009–2539. Available online: https://pure.mpg.de/rest/items/item_2485287/
component/file_3266710/content (accessed on 6 November 2024).

34. Reiss, J.; Bridle, J.R.; Montoya, J.M.; Woodward, G. Emerging horizons in biodiversity and ecosystem functioning research. Trends.
Ecol. Evo. 2009, 24, 505–514. [CrossRef]

35. Materatski, P.; Ribeiro, R.; Moreira-Santos, M.; Sousa, J.P.; Adão, H. Nematode biomass and morphometric attributes as descriptors
during a major Zostera noltii collapse. Mar. Biol. 2018, 165, 1–17. [CrossRef]

36. Kjerfve, B.; Magill, K. Geographic and hydrodynamic characteristics of shallow coastal lagoons. Mar. Geol. 1989, 88, 187–199.
[CrossRef]

37. Conde, D.; Aubriot, L.; Sommaruga, R. Changes in UV penetration associated with marine intrusions and freshwater discharge in
a shallow coastal lagoon of the Southern Atlantic Ocean. Mar. Ecol. Prog. Ser. 2000, 207, 19–31. [CrossRef]

38. Conde, D.; Rodríguez-Gallego, L. Problemática Ambiental y Gestión de las Lagunas Costeras Atlánticas de Uruguay; Perfil Ambient.
2002. Domínguez, A., Prieto, R., Eds.; NORDAN: Montevideo, Uruguay, 2002; pp. 149–166.

39. Conde, D.; Rodríguez-Gallego, L.; Rodríguez-Graña, L. Análisis Conceptual de las Interacciones Abióticas y Biológicas Entre el Océano
y las Lagunas de la Costa Atlántica de Uruguay; Informe final FREPLATA; Sección Limnología, Facultad de Ciencias, Universidad de
la República: Montevideo, Uruguay, 2003.

40. Conde, D.; Solari, S.; de Álava, D.; Rodríguez-Gallego, L.; Verrastro, N.; Chreties, C.; Lagos, X.; Piñeiro, G.; Teixeira, L.; Seijo, L.;
et al. Ecological and social basis for the development of a sand barrier breaching model in Laguna de Rocha, Uruguay. Estuar.
Coast. Shelf Sci. 2019, 219, 300–316. [CrossRef]

41. Lozoya, J.P.; Conde, D.; Asmus, M.; Polette, M.; Píriz, C.; Martins, F.; de Álava, D.; Marenzi, R.; Nin, M.; Anello, L.; et al. Linking
social perception and risk analysis to assess vulnerability of coastal socioecological systems to climate change in Atlantic South
America. In Handbook of Climate Change Adaptation. Vol 1: Climate Change Impacts and Management; Leal, W., Ed.; Springer-Verlag:
Berlin/Heidelberg, Germany, 2015; Volume 22, pp. 373–399.

42. Fabiano, G.; Santana, O. Las pesquerías en las lagunas salobres de Uruguay. In Bases para la Conservación y el Manejo de la Costa
Uruguaya; Menafra, R., Rodríguez-Gallego, R.L., Scarabino, F., Conde, D., Eds.; Vida Silvestre: Montevideo, Uruguay, 2006; pp.
557–565.

43. Aubriot, L.; Conde, D.; Bonilla, S.; Hein, V.; Britos, A. Vulnerabilidad de una laguna costera en una Reserva de Biosfera: Indicios
recientes de eutrofización. In Taller Internacional de Eutrofización de Lagos y Embalses; Vila, I., Pizarro, I., Eds.; Patagonia Impresores:
Santiago de Chile, Chile, 2005; pp. 65–85.

44. Rodríguez-Gallego, L.; Conde, D.; Achkar, M.; Sabaj, V.; Rodó, E.; Arocena, R. Impacto del uso del suelo en la cuenca de la Laguna
de Rocha. Resumen extendido. In Proceedings of the IV Congreso Nacional de Áreas Protegidas y V Encuentro Nacional de
Ecoturismo y Turismo Rural Trinidad, Flores, Uruguay; 2009.

45. Levin, S.A. The problem of pattern and scale in Ecology: The Robert H. MacArthur Award Lecture. Ecology 1992, 73, 1943–1967.
[CrossRef]

46. Giménez, L.; Borthagaray, A.; Rodríguez, M.; Brazeiro, A.; Dimitriadis, K. Scale-dependent patterns of macroinfaunal distribution
in soft sediment intertidal habitats along a large scale estuarine gradient. Helgol. Mar. Res. 2005, 59, 224–236. [CrossRef]

47. Giménez, L.; Dimitriadis, C.; Carranza, A.; Borthagaray, A.I.; Rodríguez, M. Unravelling the complex structure of a benthic
community: A multiscale-multianalytical approach to an estuarine sandflat. Estuar. Coast. Shelf Sci. 2006, 68, 462–472. [CrossRef]

48. Giménez, L.; Venturini, N.; Kandratavicius, N.; Hutton, M.; Lanfranconi, A.; Rodríguez, M.; Brugnoli, E.; Muniz, P. Macrofaunal
patterns and animal-sediment relationships in Uruguayan estuaries and coastal lagoons (Atlantic coast of South America). J. Sea
Res. 2014, 87, 46–55. [CrossRef]

49. Pita, A.L.; Giménez, L.; Kandratavicius, N.; Muniz, M.; Venturini, N. Benthic trophic state of estuaries with distinct morphody-
namic on the South-western Atlantic coast. Mar. Freshw. Res. 2017, 68, 2028–2040. [CrossRef]

50. Meteomanz© 2005–2023. Available online: http://www.meteomanz.com. (accessed on 22 August 2024).
51. Lorenzen, C.J. Determination of chlorophyll and pheopigments: Spectrofotometric equations. Limnol. Oceanogr. 1967, 12, 343–346.

[CrossRef]
52. Sündback, K. Microphytobenthos on Sand in Shallow Brackish Water. Öresund Sweeden. Primary Production, Chlorophyll a

Content and Spices Composition (Diatom) in Relation to Some Ecological Factors. Ph.D. Thesis, Department of Systematic Botany,
University of Lund, Lund, Sweden, 1983.

53. Byers, S.; Mills, E.; Stewart, P. Comparison of methods of determining organic carbon in marine sediments, with suggestions for a
standard method. Hydrobiologia 1978, 58, 43–47. [CrossRef]

54. Danovaro, R. Methods for the Study of Deep-Sea Sediments, Their Functioning and Biodiversity; CRC Press: New York, NY, USA,
2010; p. 458.

55. Hartree, E.F. Determination of proteins: A modification of the Lowry method that give a linear photometric response. Anal.
Biochem. 1972, 48, 422–427. [CrossRef] [PubMed]

https://doi.org/10.1146/annurev.ecolsys.38.091206.095659
https://pure.mpg.de/rest/items/item_2485287/component/file_3266710/content
https://pure.mpg.de/rest/items/item_2485287/component/file_3266710/content
https://doi.org/10.1016/j.tree.2009.03.018
https://doi.org/10.1007/s00227-018-3283-5
https://doi.org/10.1016/0025-3227(89)90097-2
https://doi.org/10.3354/meps207019
https://doi.org/10.1016/j.ecss.2019.02.003
https://doi.org/10.2307/1941447
https://doi.org/10.1007/s10152-005-0223-9
https://doi.org/10.1016/j.ecss.2006.03.001
https://doi.org/10.1016/j.seares.2013.12.005
https://doi.org/10.1071/MF16284
http://www.meteomanz.com.
https://doi.org/10.4319/lo.1967.12.2.0343
https://doi.org/10.1007/BF00018894
https://doi.org/10.1016/0003-2697(72)90094-2
https://www.ncbi.nlm.nih.gov/pubmed/4115981


Diversity 2024, 16, 688 20 of 21

56. Rice, D.L. The detritus nitrogen problem: New observations and perspectives from organic geochemistry. Mar. Ecol. Prog. Ser.
1982, 9, 153–162. [CrossRef]

57. Gerchakov, S.M.; Hatcher, P.G. Improved technique for analysis of carbohydrates in the sediment. Limnol. Oceanogr. 1972, 17,
938–943. [CrossRef]

58. Marsh, J.B.; Weinstein, D.B. Simple charring methods for determination of lipids. J. Lipid. Res. 1966, 7, 574–576. [CrossRef]
59. Fabiano, M.; Danovaro, R. Composition of Organic Matter in Sediments Facing a River Estuary (Tyrrhenian Sea): Relationships

with Bacteria and Microphytobenthic Biomass. Hydrobiologia 1994, 277, 71–84. [CrossRef]
60. Fabiano, M.; Danovaro, R.; Fraschetti, S. A three-year time series of elemental and biochemical of organic matter in subtidal sand

sediments of the Ligurian Sea (Northwestern Mediterranean). Cont. Shelf Res. 1995, 15, 1453–1469. [CrossRef]
61. Pfannkuche, O.; Thiel, H. “Sample processing”. In Introduction to the Study of Meiofauna; Higgins, R.P., Thiel, H., Eds.; Smithsonian

Institute Press: Washington, DC, USA, 1988; pp. 134–145.
62. Vincx, M. Meiofauna in marine and freshwater sediments. In Methods for the Examination of Organismal Diversity in Soils and

Sediments; Hall, G.S.m, Ed.; CAB International: Wallingford, UK, 1996; pp. 187–195.
63. Platt, H.M.; Warwick, R.M. Free living marine nematodes. Part I. British Enoplids. In Synopses of the British Fauna N◦28; Kermack,

D.M., Barnes, R.S.K., Eds.; Published for the Linnean Society of London & the Estuarine & Brackish-Water Sciences Association;
Cambridge University Press: Cambridge, UK, 1983; p. 307.

64. Platt, H.M.; Warwick, R.M. Free living marine nematodes. Part II. British Chromadorids. In Synopses of the British Fauna 38; (New
Series); Kermack, D.M., Barnes, R.S.K., Eds.; Published for the Linnean Society of London & the Estuarine & Brackish-Water
Sciences Association; Leiden: London, UK, 1988; p. 502.

65. Warwick, R.M.; Carr, M.R.; Clarke, K.R.; Gee, J.M.; Green, R.H. A mesocosm experiment on the effects of hydrocarbon and copper
pollution on a sublittoral softsediment meiobenthic community. Mar. Ecol. Prog. Ser. 1988, 46, 181–191. [CrossRef]

66. Bezerra, T.N.; Decraemer, W.; Eisendle-Flöckner, U.; Hodda, M.; Holovachov, O.; Leduc, D.; Miljutin, D.; Mokievsky, V.;
Peña Santiago, R.; Sharma, J.; et al. Nemys: World Database of Free-Living Marine Nematodes; 2024. Available online:
https://www.nemys.ugent.be/ (accessed on 22 August 2024).

67. Clarke, K.R.; Gorley, R.N. Change in Marine Communities: An Approach to Statistical Analysis and Interpretation, 2nd ed.; PRIMER-v6;
Plymouth Marine Laboratory: Plymouth, UK, 2006.

68. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Aus-
tria, 2020.

69. Perissinotto, R.; Stretch, D.D.; Whitfield, A.K.; Adams, J.B.; Forbes, A.T.; Demetriades, N.T. Ecosystem functioning of temporarily
open/closed estuaries in South Africa. In Estuaries: Types, Movement Patterns and Climatical Impacts; Crane, J.R., Solomon, A.E.,
Eds.; Nova Science Publishers: New York, NY, USA, 2010; pp. 1–69.

70. Meerhoff, E.; Rodríguez-Gallego, L.; Giménez, L.; Conde, D.; Muniz, P. Spatial patterns of macrofaunal community structure in
coastal lagoons of Uruguay. Mar. Ecol. Prog. Ser. 2013, 492, 97–110. [CrossRef]

71. Dell’Anno, A.; Mei, M.L.; Pusceddu, A.; Danovaro, R. Assessing the trophic state and eutrophication of coastal marine systems: A
new approach based on the biochemical composition of sediment organic matter. Mar. Pollut. Bull. 2002, 7, 611–622. [CrossRef]

72. Joseph, M.M.; Ratheesh Kumar, C.S.; Greesh Kumar, T.R.; Renjith, K.R.; Chandramohanakumar, N. Biogeochemistry of surficial
sediments in the intertidal systems of a tropical environment. Chem. Ecol. 2008, 24, 247–258. [CrossRef]

73. Danovaro, R.; Della Croce, N.; Marrale, D.; Martorano, D.; Parodi, P.; Pusceddu, A.; Fabiano, M. Biological indicators of oil
induced disturbance in coastal sediments of the Ligurian Sea. In Assessment & Monitoring of Marine Science; Lokman, S., Shazili,
N.A.M., Nasir, M.S., Borowtizka, M.A., Eds.; University Putra Malaysia Terengganu: Kuala Terengganu, Malaysia, 1999; pp.
75–85.

74. Danovaro, R.; Fabiano, M.; Della Croce, N. Labile organic matter and microbial biomasses in deep-sea sediments (Eastern
Mediterranean Sea). Deep-Sea Res. 1993, 40, 953–965. [CrossRef]

75. Pusceddu, A.; Dell’Anno, A.; Danovaro, R.; Manini, E.; Sarà, G.; Fabiano, M. Enzymatically hydrolyzable protein and carbohydrate
sedimentary pools as indicators of the trophic state of detritus sink systems: A case study in a Mediterranean coastal lagoon.
Estuaries 2003, 26, 641–650. [CrossRef]

76. Pallo, P.; Widbom, B.; Olafsson, E. A quantita- tive sampling of the benthic meiofauna in the Gulf of Riga (Eastern Baltic Sea) with
special reference to the structure of nematode assemblages. Ophelia 1998, 49, 117–139. [CrossRef]

77. Venekey, V. Actualização do Conhecimento Taxonomico dos Nematoda Brasilera e sua Ecología na Praia de Tamandare PE (Brasil);
Universidade Federal de Pernambuco: Recife, Brasil, 2007; 144p.

78. Losi, V.; Ferrero, T.J.; Moreno, M.; Gaozza, L.; Rovere, A.; Firpo, M.; Marques, J.C.; Albertelli, G. The use of nematodes in assessing
ecologic al conditions in shallow waters surrounding a Mediterranean harbour facility. Estuar. Coast. Shelf Sci. 2013, 130, 209–222.
[CrossRef]

79. Grzelak, K.; Tamborski, J.; Kotwicki, L.; Bokuniewicz, H. Ecostructuring of marine nematode communities by submarine
groundwater discharge. Mar. Environ. Res. 2018, 136, 106–119. [CrossRef]

80. Danovaro, R.; Fabiano, M.; Vincx, M. Meiofauna response to the Agip Abruzzob oil spill in subtidal sediments of the Ligurian
Sea. Mar. Pollut. Bull. 1995, 30, 133–145. [CrossRef]

81. Hassan, L.; Nashaat, M.R. First record of free-living soil nematodes, Mesorhabditis minuta (Bostrom, 1991) in Iraq. Biochem. Cell.
Arch. 2018, 18, 1289–1292.

https://doi.org/10.3354/meps009153
https://doi.org/10.4319/lo.1972.17.6.0938
https://doi.org/10.1016/S0022-2275(20)39274-9
https://doi.org/10.1007/BF00016755
https://doi.org/10.1016/0278-4343(94)00088-5
https://doi.org/10.3354/meps046181
https://www.nemys.ugent.be/
https://doi.org/10.3354/meps10472
https://doi.org/10.1016/S0025-326X(01)00302-2
https://doi.org/10.1080/02757540802119871
https://doi.org/10.1016/0967-0637(93)90083-F
https://doi.org/10.1007/BF02711976
https://doi.org/10.1080/00785326.1998.10409377
https://doi.org/10.1016/j.ecss.2013.02.017
https://doi.org/10.1016/j.marenvres.2018.01.013
https://doi.org/10.1016/0025-326X(94)00114-O


Diversity 2024, 16, 688 21 of 21

82. Gagarin, V.G.; Thanh, N.V. Four species of the genus Halalaimus de Man. 1888 (Nematode: Enoplida) from Mekong River Delta,
Vietnam. Int. J. Nematol. 2004, 14, 213–220.

83. Venekey, V.; Fonseca-Genovois, V.G.; Santos, P. Biodiversity of free-living marine nematodes on the coast of Brazil: A review.
Zootaxa 2010, 2568, 39–66. [CrossRef]

84. Eisenback, J.D.; Triantaphyllou, H.H. Root-knot nematodes: Meloidogyne species and races. In Manual of Agricultural Nematology,
1st ed.; Nickle, W.R., Ed.; CRC Press: New York, NY, USA, 1991; pp. 191–274.

85. Bruland, K.W.; Bertine, K.; Koide, M.; Goldberg, E.D. History of metal pollution in Southern California coastal zone. Environ. Sci.
Technol. 1974, 8, 425–432. [CrossRef]

86. Eyualem, E.A.; Andrássy, I.; Traunspurger, W.; Eyualem-Abebe, E. Freshwater Nematodes: Ecology and Taxonomy; CABI Publishing:
Oxfordshire, UK, 2006; p. 253. [CrossRef]

87. Patrício, J.; Adão, H.; Neto, J.M.; Alves, A.S.; Traunspurger, W.; Marques, J.C. Do nematode and macrofauna assemblages provide
similar ecological assessment information? Ecol. Indic. 2012, 14, 124–137. [CrossRef]

88. Mirto, S.; La Rosa, T.; Gambi, C.; Danovaro, R.; Mazzola, A. Nematode community response to fish-farm impact in the western
Mediterranean. Environ. Pollut. 2002, 116, 203–214. [CrossRef] [PubMed]

89. Schratzberger, M.; Warr, K.; Rogers, S.I. Patterns of nematode populations in the southwestern North Sea and their link to other
components of the benthic fauna. J. Sea Res. 2006, 55, 113–127. [CrossRef]

90. Jensen, P.; Rumohr, J.; Graf, G. Sedimentological and biological differences across a deep-sea ridge exposed to advection and
accumulation of fine-grained particles. Oceanol. Acta. 1992, 15, 287–296.

91. Soetaert, K.; Heip, C. Nematode assemblages of deep sea and shelf break sites in the North Atlantic and Mediterranean Sea. Mar.
Ecol. Prog. Ser. 1995, 125, 171–183. [CrossRef]

92. Moens, T.; Vincx, M. Observations on the feeding ecology of estuarine nematodes. J. Mar. Biol. Assoc. U. K. 1997, 77, 211–227.
[CrossRef]

93. Kapusta, S.C.; Würdig, N.L.; Bemvenuti, C.E.; Pinto, T.K. Spatial and temporal distribution of Nematoda in a subtropical estuary.
Acta Limnol. Bras. 2006, 182, 133–144.

94. Palmer, M.A.; Gust, G. Dispersal of meiofauna in a turbulent tidal creek. J. Mar. Res. 1985, 43, 179–210. [CrossRef]
95. Gooday, A.J. Biological responses to seasonally varying fluxes of organic matter to the sea floor: A review. J. Oceanogr. 2002, 58,

305–332. [CrossRef]
96. Ruhl, H.A.; Ellena, J.A.; Smith, K.L., Jr. Connections between climate, food limitation, and carbon cycling in abyssal sediment

communities. Proc. Natl. Acad. Sci. USA 2008, 105, 17006–17011. [CrossRef]
97. Henrichs, S.M. Early diagenesis of organic matter in marine sediments: Progress and perplexity. Mar. Chem. 1992, 39, 119–149.

[CrossRef]
98. Barreiro, M.; Arizmendi, F.; Díaz, N.; Trinchin, R. Integración del Enfoque de Adaptación en Ciudades, Infraestruc-

tura y Ordenamiento Territorial en Uruguay: Análisis de la Variabilidad y Tendencias Observadas de los Vientos
en Uruguay. CONVENIO PNUD-UDELAR Proyecto URU/18/002. Ministerio de Ambiente 2021. Available online:
https://www.gub.uy/ministerio-ambiente/sites/ministerio-ambiente/files/documentos/publicaciones/FCIEN_An%C3
%A1lisis%20de%20las%20variabilidad%20y%20tendencias%20observadas%20de%20los%20vientos%20en%20Uruguay_c.pdf
(accessed on 22 August 2024).

99. Calles Procel, A.K.; Vincx, M.; Degraer, S.; Arcos, F.; Gheskiere, T. The dominance of predatory nematodes at the high water
level in an Ecuadorian sandy beach. In Spatial and Temporal Patterns of Meiofauna along Ecuadorian Sandy Beaches, with a Focus on
Nematode Biodiversity; Calles Procel, A.K., Ed.; Ghent University: Ghent, Belgium, 2006; pp. 89–118.

100. Tietjen, J.H. The ecology of shallow water meiofauna in two New England estuaries. Oecolgia 1969, 2, 251–291. [CrossRef]
[PubMed]

101. Armenteros, M.; Pérez-García, J.A.; Ruiz-Abierno, A.; Díaz-Asencio, L.; Helguera, Y.; Vincx, M.; Decraemer, W. Effects of organic
enrichment on nematode assemblages in a microcosm experiment. Mar. Environ. Res. 2010, 70, 374–382. [CrossRef] [PubMed]

102. Semprucci, F.; Losi, V.; Moreno, M. A review of Italian research on free-living marine nematodes and the future perspectives on
their use as ecological indicators (EcoInds). Mediterr. Mar. Sci. 2015, 16, 352–365. [CrossRef]

103. Semprucci, F.; Colantoni, G.; Baldelli, M.; Rocchi, M.; Balsamo, M. The distribution of meiofauna on back-reef sandy platforms in
the Maldives (Indian Ocean). Mar. Ecol. 2010, 31, 592–607. [CrossRef]

104. Semprucci, F.; Moreno, M.; Sbrocca, S.; Rocchi, M.; Albertelli, G.; Balsamo, M. The nematode assemblage as a tool for the
assessment of marine ecological quality status: A case-study in the Central Adriatic Sea. Mediterr. Mar. Sci. 2013, 14, 48–57.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.11646/zootaxa.2568.1.2
https://doi.org/10.1021/es60090a010
https://doi.org/10.1079/9780851990095.0000
https://doi.org/10.1016/j.ecolind.2011.06.027
https://doi.org/10.1016/S0269-7491(01)00140-3
https://www.ncbi.nlm.nih.gov/pubmed/11806448
https://doi.org/10.1016/j.seares.2005.07.002
https://doi.org/10.3354/meps125171
https://doi.org/10.1017/S0025315400033889
https://doi.org/10.1357/002224085788437280
https://doi.org/10.1023/A:1015865826379
https://doi.org/10.1073/pnas.0803898105
https://doi.org/10.1016/0304-4203(92)90098-U
https://www.gub.uy/ministerio-ambiente/sites/ministerio-ambiente/files/documentos/publicaciones/FCIEN_An%C3%A1lisis%20de%20las%20variabilidad%20y%20tendencias%20observadas%20de%20los%20vientos%20en%20Uruguay_c.pdf
https://www.gub.uy/ministerio-ambiente/sites/ministerio-ambiente/files/documentos/publicaciones/FCIEN_An%C3%A1lisis%20de%20las%20variabilidad%20y%20tendencias%20observadas%20de%20los%20vientos%20en%20Uruguay_c.pdf
https://doi.org/10.1007/BF00386114
https://www.ncbi.nlm.nih.gov/pubmed/28308834
https://doi.org/10.1016/j.marenvres.2010.08.001
https://www.ncbi.nlm.nih.gov/pubmed/20828806
https://doi.org/10.12681/mms.1072
https://doi.org/10.1111/j.1439-0485.2010.00383.x
https://doi.org/10.12681/mms.366

	Introduction 
	Materials and Methods 
	Study Area and Sampling Design 
	Sample Collection and Analysis 
	Structure of Nematode Assemblages and Biological/Functional Traits 
	Statistical Analysis 

	Results 
	The Environment 
	The Nematofauna 

	Discussion 
	Environmental Patterns 
	Environmental Drivers of the Taxonomy Patterns 
	Environmental Drivers of Functional Patterns 

	Conclusions 
	References

