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This study aimed to assess the concordance between fish and polychaete communi-

vironmental influences on these communities. The raised hypothesis is that benthic
fish is associated with polychaetes and that these taxonomic groups respond differ-
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consistent relationship was observed between fish and polychaetes. Sediment granu-
lometry seems to be an essential driver in determining polychaetes and fish distribu-
tion while turbidity and phosphorus were also important for fish. The three zones
differed in both water physicochemical and sediment (nutrients and granulometry)
variables, which determined their uses by different fish and polychaetes species. Only
one fish species, the gerreid Eucinostomus argenteus showed a weak but significant
association with the Goniadidae and Spionidae polychaetes, which may be associated
with similar environmental preferences of both taxa. The lack of a consistent relation-
ship between benthic fish and their likely invertebrate prey may be associated with
the small spatial scale of this study and the early fish life stages. Most fish in shal-
low coastal areas are still in their early life, feeding mainly on polychaetes and other
benthic macroinvertebrates, and as the area is shallow, planktonic organisms may be
included in their diet, thus relieving predation pressure on benthic organisms. These
findings are important to unveil relationships among different taxonomical groups

and their environment.

KEYWORDS
benthic habitats, biodiversity, polychaeta-fish relationships, spatial patterns

Marine Ecology. 2022;00:€12722. wileyonlinelibrary.com/journal/maec © 2022 Wiley-VCH GmbH. 10f13
https://doi.org/10.1111/maec.12722


www.wileyonlinelibrary.com/journal/maec
https://orcid.org/0000-0002-8389-9474
https://orcid.org/0000-0002-4591-184X
https://orcid.org/0000-0002-5820-9339
mailto:﻿
https://orcid.org/0000-0003-4551-1974
mailto:gersonufrrj@gmail.com

GOMES-GONCALVES ET AL.

LRIV . ccology | a2+

1 | INTRODUCTION

The biological composition at the local scale is the result of a set
of interactions between species and their relationship with abiotic
conditions, which are important drivers of evolutionary and biogeo-
graphic processes (Johnson & Hering, 2010; Kilgour & Barton, 1999;
Yeung et al., 2010). Thus, the relationships between biological com-
munities and their environment provide strong evidence of the im-
portance that various abiotic drivers have in determining species
distribution and abundance (Moore et al., 2010) and studies on the
relationship between different taxonomic assemblages are essential
to uncover biotic interactions and abiotic influences that dictate the
distribution patterns (Kilgour & Barton, 1999).

Concordance is the degree of similarity in community patterns
among taxonomic groups across a set of sites (Paavola et al., 2006).
Community concordance describes organisms from different tax-
onomic groups across a region of interest, with highly concordant
communities, which are assumed to respond similarly to major en-
vironmental gradients, including anthropogenic stressors (Infante
et al., 2009). Other mechanisms result in concordance between
taxa, such as similar simultaneous species loss along stress gradi-
ents and biotic interactions (Heino, 2010). Co-occurrence patterns
between different taxonomic groups have been investigated to
assess whether changes in certain taxonomic groups can be used
to predict variations in others (Johnson & Hering, 2010; Kilgour
& Barton, 1999). For example, changes occurring in the ichthyo-
fauna could be extrapolated to benthic invertebrates or vice-versa
(Kilgour & Barton, 1999). If there is a close correlation or concor-
dance between these two taxonomic groups, one could evaluate one
or another group, to understand the local dynamics, which would
be faster and less expensive. The impacts on benthic communities
seem to be predictive of impacts on other ecological groups, such as
fish, reflecting on their diversity and abundance (Aguiar et al., 2020;
Maia et al., 2018).

Fish and invertebrates are taxonomic groups occupying differ-
ent compartments in coastal environments and are expected to re-
spond differently to environmental conditions. Fish were influenced
mainly by the physicochemical variables, being positively correlated
with salinity and dissolved oxygen, and negatively with tempera-
ture, whereas invertebrate richness was related mainly to granulo-
metric variables, decreasing in fine and very fine sediment (Aguiar
et al.,, 2020). Fish and invertebrate richness in Mediterranean rivers
were not correlated across sites, with the Mantel test has showed no
significant correlation between these two groups after controlling
for the effects of environmental variables and site proximity (Larsen
et al., 2012). Macroinvertebrates respond to local environmental
changes and less to the local presence of fishes indicating the surro-
gate taxa approach has little use in the rivers and streams of Indiana,
USA (Backus-Freer & Pyron, 2015).

Benthic invertebrates are present in high abundance in estuarine
areas, being important components of the marine food web as in-
termediate vectors in both benthic and demersal food webs and by
participating in nutrient cycling, and by changing the composition of

sediments (Josefson & Rasmussen, 2000). For example, in environ-
ments where productivity is increased at the base of the food chain,
an increase in the abundance of benthic invertebrates is expected to
occur, benefiting higher trophic levels (Gilliam et al., 1989). In con-
trast, some invertebrates may have limited abundance due to direct
predation by fish or even present high abundance due to reduced
predation (Jackson & Harvey, 1993).

Polychaetes represent one of the main groups of marine in-
vertebrates in shallow coastal zones (Fauchald & Jumars, 1979;
Musco, 2012). They are important feeding resources for several
fish species and have an important role in the transfer of energy
to coastal ecosystems because of their contribution to the fish diet
(Guedes et al., 2015; Rosa et al., 2008; Yeung et al., 2010). The
Polychaetae families Syllidae and Dorvilleidae predominated in
semi-protect beaches of the Sepetiba Bay, a tropical estuarine area
in southeastern Brazil, and are influenced by different environmental
variables, but no significant correlation was found between inverte-
brates and fish (Aguiar et al., 2020). When present in high densi-
ties, fish seem to have a strong impact on Hediste diversicolor, one
of the most important polychaete species that is prey for a variety
of fish in many temperate estuaries (Rosa et al., 2008). Fish have a
preference for errant and carnivorous polychaete species, probably
due to the more active behavior of these prey (Serrano et al., 2003).
Despite their great importance, the knowledge of these benthic in-
vertebrates is scarce, with increasing demands for information on
the biodiversity of these groups and their ecological roles.

In this study, we assessed relationships between polychaetes,
one of the most representative groups of the benthic fauna, and
benthic fishes, and the influence of environmental variables,
namely sediment nutrients, granulometry, and water physicochem-
ical variables. We tested for a correlation between fish and poly-
chaetes in three zones (inner, middle, and outer) of the Sepetiba
Bay, Southeastern Brazilian coast, and evaluated the environmental
influences on each taxonomic group. The following questions were
postulated: (1) Is there any significant relationship between fish and
polychaetes with environmental predictors? and (2) Is there any sig-
nificant concordance between these two biological groups? We ex-
pect that our results will provide important information on the links
between these two taxonomic groups of marine fauna, allowing us a
more comprehensive view of the general functioning of this ecosys-
tem of great ecological and economic importance. We also expect
that this baseline knowledge will contribute to the monitoring of this

ecosystem.

2 | MATERIALS AND METHODS

2.1 | Studyarea

Sepetiba Bay (22°54'-23°04'S; 43°34'-44°10'W) is a 450km?
sedimentary embayment system located in the south of the State
of Rio de Janeiro, which was originated by extensive sand dep-
osition, which formed a barrier beach as its southern boundary
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(Araujo et al., 2016; Figure 1). The bay has a narrow connection
with the sea on the east side, and a wide connection on the west
and has a mean depth of 8.6 m, a maximum depth of 30m, and
a drainage area of 2700 km?. Some coastal islands are located
near the sea connection, thus enhancing habitat diversity in the
bay (Cunha et al.,, 2006). The bottom is predominantly muddy.
The mean water temperature ranges from 21.5°C in the winter
to 26.5°C in the summer. Average salinity ranges from 29 in the
inner bay to 33 in the outer bay. This microtidal system has tides
ranging from 0.5 to 1.5 m. Small rivers and streams drain into the
bay, contributing to decrease salinity and increasing turbidity in
the inner bay areas. Predominant northeasterly and southwest-
erly winds activate thermal currents between the bay and the
ocean. The annual rainfall varies between 1000 and 2100 mm
(Lima et al., 2021).

Urbanization and industrialization are recent trends in the re-
gion. An increased degradation by organic and industrial pollution
is occurring in the drainage bay area, altering habitat structure and
water quality. Such alterations expanded during the 1980s, mainly
because of new industrial development in chemical and metallur-
gical factories (Araujo et al., 2017; Castelo et al., 2021; Molisani
et al.,, 2006). These changes cause concerns and increase the de-
mand for information on biotic communities and their ecological
relationships. Araujo et al. (2016) evaluated temporal changes in
the ichthyofauna in Sepetiba Bay over three decades (1983-1985,
1993-1995, and 1999-2001) and observed significant differences
in the community composition and decreases in the fish richness,

abundance, and biomass over time.

marine ecology |

The bay can be divided into three zones (inner, middle, and
outer) (Figure 1), according to environmental conditions and human
influences. These zones are geographically contiguous and reflect
hydrology and sedimentology. The inner zone (IZ) is influenced
by discharges from small perennial rivers, which contribute to in-
creased water turbidity and temperature, and decreased salinity
(Leal Neto et al., 2006). This zone receives the most impact from
industrial plants on the shoreline (Barcellos et al., 1997; Borges &
Nittrouer, 2016; Goncalves et al., 2020). The outer zone (OZ), near
the limit of the ocean, has a comparatively lesser influence of an-
thropogenic activities and exhibits more stable environmental con-
ditions. The middle zone (MZ) presents intermediate environmental

conditions between the inner and outer zone.

2.2 | Biological sampling
Five field trips (sampling time) were carried out in September 2017
(winter), January and March 2018 (summer), and July and September
2018 (winter), in the three zones of the shallow coastal areas of
northern Sepetiba Bay. On each occasion, three sites were sampled
with three replicates in each zone, totaling 135 samples (5 sampling
timesx 3 zonesx 3 sitesx 3 replicates) for fish and sediment that
were used for biological assessment, and nutrient and granulometric
analyses.

Fishes were collected with a beach seine (12x 2.5 m; 5-mm mesh
size) set parallel to the shore at approximately 1.5-m depth, drag-

ging perpendicular to the shore (30-m long) for about 15min and
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FIGURE 1 Study area, Sepetiba Bay,
indicating the three sampling zones (inner,
1Z; middle zone, MZ; and outer, OZ).

The urbanized areas, mainly in the inner
bay shoreline, can be seen in the image
extracted from Google Earth (2020).
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covering a swept area of approximately 300m?. The collected fishes
were fixed in 10% formalin and, after 48 h, preserved in 70% ethanol.
All fishes were identified to species level, and voucher specimens
were deposited in the Ichthyological Collection of the Laboratory
of Fish Ecology of the Universidade Federal Rural do Rio de Janeiro,
available at the Global Biodiversity Facility (Aratjo & Guedes, 2020;
https://doi.org/10.15468/srsucy).

Sediment samples were taken with a PVC “corer” (50cm long,
10 cm diameter) with a collecting area of 0.00785 m? at a depth
of 15cm with three replicates. Biological samples were initially
screened in plastic trays (80 x40 x 7 cm) using tap water for removal
of the largest specimens, then sieved through a 0.5mm mesh, and
examined under a light stereo microscope for identification of poly-
chaetes to family level. The family level is considered a sufficiently
taxonomic resolution for polychaetes in many ecological studies
(Checon & Amaral, 2016; Grebmeier et al., 1988; Olsgard et al., 2003;
Soares-Gomes et al., 2012). All identified specimens were preserved
in 70% ethanol solution.

2.3 | Environmental variables

Environmental measurements of water physicochemical vari-
ables were performed concurrently with the biological sampling.
Temperature (°C), salinity, turbidity (Nephelometric Turbidity
Units—NTU), and dissolved oxygen (mgL™) were measured using a
multiprobe Horiba U50 (Horiba Trading Co. Ltd.) immersed approxi-
mately 0.5 m under the water surface.

Granulometric and nutrient analyses were performed with sam-
ples being collected using a PVC corer (10 cm in diameter and 50cm
in length) in a collecting area of 0.00785m? at a depth of 15cm with
three replicates. The collected sediment was weighed (precision of
0.01g)and dried at 80°C on a stove. A portion of the sediment (300g)
was used in the granulometric analyses, and another part (150g) was
used for the nutrient analyses. The granulometric parameters were
calculated according to Folk and Ward (1957) and classified accord-
ing to Shepard (1954). The mean granule size was determined from
each granulometric fraction weight retained in each sieve using the
software SysGran 3.0 (Camargo, 2006). The following size sediment
classes were determined following Wentworth (1922): granules
(2-4mm), very coarse sand (1-2mm), coarse sand (500 pm-1mm),
medium sand (250-500 um), fine sand (125-250pum), very fine sand
(63-125pum), and silt +clay (<63 pm).

The concentrations of the following nutrients in the sediment
were determined: organic carbon (gkg™), total nitrogen (%), and total
phosphorus (mgdm™2). The organic carbon was determined using the
Walkley and Black (1934) method by oxidation of the wet organic
matter with potassium dichromate in a sulfuric acid medium, em-
ploying the heat given off from the sulfuric acid and/or applied heat
as the energy source. The excess dichromate after oxidation was ti-
trated with a standard solution of ammoniacal ferrous sulfate (Mohr
salt). The total nitrogen was determined using the Kjeldahl nitrogen
method with a diffusion camera. The total nitrogen was converted

to ammonium sulfate by oxidation with a mixture of CuSO,, H,SO,,
and Na,SO,, or K,SO, (mineralization). Later, in an alkaline medium,
the ammonium sulfate converted from the organic matter released
ammonia, which was complexed in a boric acid solution containing
a mixed indicator in a diffusion chamber and was finally determined
using acidimetry (H,SO, or HCI). The total phosphorus was deter-
mined using a spectrophotometer after digestion with HNO,-HClI
(3:1, V/V) at 200°C. The solubilization of the mineral and organic
phosphate forms was conducted using 1:1 H,SO, (Bowman, 1988)
with the phosphorus contained in the sulfuric extract representing
the total concentration of this element. The mean values of the en-
vironmental variables obtained at each sampling location were cal-
culated for each zone.

2.4 | Dataanalyses

The relative abundance, considered as the number of individuals
per sample unit, and the frequency of occurrence were calculated
for the components of the benthic and fish communities. Before
multivariate analyses, environmental data were normalized, that is,
the data were converted into a z-score, by subtracting the raw data
from the mean and dividing by the standard deviation, to eliminate
the effects of different measurement scales, thus making the data
dimensionless and perfectly comparable. The environmental vari-
ables were compared between the zones (fixed factor, three levels)
with sampling time as a random factor (two levels) and site as a ran-
dom factor nested within zone (15 levels), using the Permutational
Analysis of Variance (PERMANOVA) on the Euclidean distance ma-
trix (Anderson, 2001; McArdle & Anderson, 2001). In addition, a
principal component analysis (PCA) was applied to the abiotic data
to depict the variables that drive on the Bay's zonation and seasonal
variation.

Fish and polychaetes data were also compared between the
zones (fixed factor, three levels) with sampling time as a random fac-
tor (two levels) and site as a random factor nested within zones (15
levels) using PERMANOVA. Samples with no fish and/or no poly-
chaetes were eliminated from the analyses. A permutational analysis
of variance (PERMANQOVA) on the Bray-Curtis similarity matrix of
the data transformed by the square root was used. A PERMANOVA
with a Type | (sequential) sum of squares using 999 permutations to
calculate p-values was used, where biological abundance was the
response variable. The transformation of biological data by square
root seeks to reduce the effect of the most abundant species but
preserves information on their relative abundance. A non-metric
multidimensional scaling (hMDS) ordination was used to detect
spatial patterns of the fish and polychaetes groups. In addition, a
Similarity Percentage—SIMPER—analysis was used to determine the
species/families that most contributed to within-group average sim-
ilarity for each zone.

Exclusive and shared effects of environmental variables (water
physicochemical, granulometry, and nutrients in the sediment) on
fish and polychaete abundance and composition were quantified
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by variation partitioning. Canonical correspondence analysis was
used to assess relationships between taxa (polychaetes or fish)
and environmental variables. Taxa that had a frequency of occur-
rence less than 3% were removed from these analyses following Ter
Braak (1989). In addition, only species of fish that include inverte-
brates in their diet were selected as we are interested in detecting
the direct relationship between the components of the fish com-
munity that have a close and direct association with benthic inver-
tebrates. A detrended correspondence analysis (DCA) analysis was
previously performed to determine the gradient length of the first
ordination axis of biological data and to select the appropriate di-
rect ordination method (redundancy or canonical correspondence
analysis). In this study, the canonical correspondence analysis was
used after verifying that the length generated by the DCA analy-
sis was >4. We used a Monte Carlo permutation test (generating
999 permutations) in each analysis to test the significance of each
environmental variable and only significant variables (p<.05) were
considered for the canonical correspondence analysis.

The correlation between benthic invertebrates and ichthyofauna
was assessed through the Mantel test. In addition, a partial Mantel
test was also used to examine the relationship between these two
biotic distance matrices, eliminating the effects of environmental
data (Smouse et al., 1986). Furthermore, a multiple regression anal-
ysis was performed aiming to assess the eventual dependence rela-
tionship between fish species (response variables) and polychaetes
families (predictor variables).

The PERMANOVA, nMDS, and SIMPER analyses were per-
formed using the PRIMER 6+PERMANOVA statistical packages,
and the canonical correspondence analysis was carried out using the
CANOCO FOR WINDOWS 4.5 statistical program.

3 | RESULTS

3.1 | Environmental characteristics

Considering all environmental variables, no significant differences
were found between zones (Pseudo-F = 1.46, p = .15), but signifi-
cant differences were observed between the random factors sam-
pling periods (Pseudo-F = 3.93, p = .003) and sites (nested in zones,
Pseudo-F = 2.06, p = .001). The granulometric composition had a
low classification value, ranging from poor to moderately selected,
which reflects their heterogeneous composition. The inner and mid-
dle zones had comparatively higher proportions of the coarse frac-
tions compared to the outer zone (Table 1).

The phosphorus concentration was comparatively higher in the
middle zone, whereas carbon and nitrogen had the highest values
in the inner zone (Table 2). Concerning the water physicochemical
variables, only turbidity showed significant differences between the
zones, with lower values in the middle zone when compared to the
other two zones (Table 2).

The sample distribution in the PCA ordination diagram dis-
criminated both zones and sampling time although with several

marine ccology | o SUUTRSWEEGE

TABLE 1 Mean+SD of granulometric sediment fractions (%) in
the three Sepetiba zones

Sediment fraction (%) Inner Middle Outer
Granules 19.5+20.1 16.8 +9.7 2.1+49
Very coarse sand 17.8 +13.3 24.6 +8.3 13.5 +22.7
Coarse sand 18.7+6.1 261+76 19.8 +24.4
Medium sand 21.2+175 11.91+6.8 9.7 £9.2
Fine sand 9.6 +6.7 6.82 +3.4 8.8 +6.7
Very fine sand 6.8 +4.5 7.05+3.8 14.8 +10.9
Silt+clay 6.2+4.5 6.75+6 31.4 +28.2

overlaps (Figure 2). Samples from the middle zone were located
between the outer and the inner zones, with phosphorus being
positively associated with the middle zone, whereas the inner zone
had samples with both coarse and fine sands. Most samples from
the outer zone were characterized by fine sediment. The highest
temperatures were associated with sampling time during the sum-
mer, whereas the highest concentrations of carbon and nitrogen
and higher turbidity were associated with sampling time during

the winter.

3.2 | Polychaetes composition

A total of 2459 individuals, distributed in 16 polychaete fami-
lies (Table S1), were recorded. The inner zone had the greatest
abundance, with 1557 individuals distributed in eight families,
with Capitellidade being the numerically dominant family, and
the Nereididae being the most frequent in the samples. The mid-
dle zone presented 506 individuals distributed in 14 families. Of
these, only three families (Spionidae, Capitellidae, and Syllidae)
accounted for more than 10% of the relative abundance. The
outer zone had 11 families and a total of 396 individuals, with the
Syllidae accounting for 55% of the relative abundance (Table S1).
Significant differencesin polychaete compositionamongthe three
zones were found according to PERMANOVA (Pseudo-F = 2.25;
p = .002), but not between the sampling time (Pseudo-F = 1.38;
p = .254) and sites (nested in zone Pserdo-F = 0.89, p = .65)
(Table 3). Polychaete composition from the outer zone differed
significantly from the middle (t = 1.44, p = .041) and inner zones
(t = 1.53, p = .034), whereas the latter two zones did not dif-
fer significantly (t = 1.53, p = .065). Therefore, further analyses
on polychaetes will only address the patterns of spatial variation.
Samples from the inner and outer zones were separated, whereas
the samples from the middle zone were spread in an intermedi-
ate position in the ordination diagram overlapping with samples
of the inner and outer zones according to the nMDS ordination
(Figure 3a).

The outer zone showed the lowest within-group average similar-
ity according to SIMPER (Table 4) suggesting high variability in the
species composition among the samples. Syllidae and Polygordiidae
families had the greatest contribution to the within-group similarity



GOMES-GONCALVES ET AL.

2 | wiL e - T s

TABLE 2 Mean+SD of nutrient concentrations in the sediment and water physicochemical variables and PERMANOVA results of

comparisons among the three zones in Sepetiba Bay

Variables Inner Middle Outer Pseudo-F; p Pairwise test
Nutrient sediment

Phosphorous (mgdm's) 28.0+17.5 48.3 +18.83 27.9 +19.2 17.13;.001 MZ>1Z; 0z

Carbon (gkg™) 0.60+£0.5 0.26 +0.25 0.16 +0.13 22.4;.001 1Z>MZ>0Z

Nitrogen (%) 0.13 +£0.05 0.10 +£0.04 0.10 +0.02 8.58;.001 1Z>MZ,0Z
Water physicochemical

Temperature (°C) 26.0 +16.9 247 +3.8 25.6 +2.9 1.8; .17 -

Dissolved oxygen (mgL™) 6.3+5.6 6.3+4.71 7.3 +4.76 0.4; .65 -

Salinity SALS) 485 31.6+2.6 322+24 0.4;.7 =

Turbidity (NTU) 19.8 +12.42 8.32+11.3 14.9 +15.8 5.32;.004 MZ<1Z; OZ

Abbreviations: IZ, inner zone; MD, middle zone; OZ, outer zone.

in the outer zone (Table 4). The family Nereididae contributed more
than 50% to the within-group similarity in the inner zone, whereas
Spionidae contributed 38.7% to the within-group similarity in the
middle zone (Table 4).

3.3 | Fish composition

The ichthyofauna was composed of 41,851 individuals distributed in
71 species of which approximately 20% feed preferably on benthic
invertebrates (Table S1). The middle zone had the most numerical
abundance (29,968 individuals), mainly larvae of species of the genus
Anchoa accounting for 63.98% of the total number of individuals,
being also found in a high frequency of occurrence (34.9%). In con-
trast, the outer zone had the lowest abundance (3659 individuals).
In this zone, Atherinella brasiliensis was the dominant species, being
found in 82% of the samples and representing 18% of the relative
abundance. In addition, the gerreid Eucinostomus argenteus was also
found in high frequency (51%).

There were significant differences in fish species composi-
tion among the zones (Pseudo-F = 1.89, p =.012), sampling time
(Pseudo-F = 3.64, p =.002), but not among sites (nested within
zones, Pseudo-F = 1.22, p =.14) (Table 3). The fish composition
of the middle zone differed significantly from the inner (t = 1.45,
p =.035) and the outer (t = 1.54, p =.028) zones, whereas these
last two zones did not show significant differences (t = 1.14,
p =.273). Although with high overlap, separation between the
samples from the inner and outer zones can be observed, with
the samples from the intermediate zone concentrating in an in-
termediate position in the nMDS ordination plot (Figure 3b). The
inner zone showed the lowest within-group average similarity
according to SIMPER, suggesting high variability in species com-
position among the samples, whereas the middle zone had the
highest value. A brasiliensis and larvae of Anchoa had the most
contribution to the within-group average similarity in the three
zones, reaching 42.93% and 16.59% of the total average similarity
respectively in the middle zone.

3.4 | Environmental influences on biological
communities

The exclusive effects of the granulometric variables were as-
sociated with 19% of the variation in the abundance and 12% in
the composition of polychaete families (Figure 4a,b). In addition,
exclusive effects of the physiochemical variables were associ-
ated with 8% of the variation in the abundance of the polychaete
families, whereas the shared effects of these variables were irrel-
evant. The environmental variables that most contributed (p <.05)
to the polychaete-environment model selected by the Monte
Carlo test for Polychaetes were particle size fractions (granules,
medium sand, and very fine sand), and dissolved oxygen. The en-
vironmental variables explained 17.8% of the model (polychaete-
environmental variable). Of this value, 46.3% was explained by the
first axis (Table S2). The first two axes of CCA explained 82.9% of
the total variance of the species-environment correlation. Axis 1
showed a positive correlation with dissolved oxygen and a negative
correlation with medium sand, whereas axis 2 showed a positive
correlation with very fine sediment fractions (Figure 5). The fami-
lies Opheliidae, Goniadidae, and Spionidae were associated with
fractions of fine sediments, whereas Nereididae, Lumbrinereididae,
Magelonidae, and Capitellidae had a great affinity with coarser
fractions of sediments, occurring mainly in the middle and inner
zones. Syllidae and Polygordiidae were associated with sites with
higher dissolved oxygen (Figure 5).

Shared effects of the granulometric and nutrient in the sedi-
ment variables were associated with 9% of the variation in the fish
abundance (Figure 4c), whereas exclusive effects of the physico-
chemical variables were associated with 5% of this variation. The
exclusive effects of the physicochemical variables and the gran-
ulometry were each associated with 4% of the variation in the
composition of the ichthyofauna (Figure 4d). Water turbidity and
temperature, granulometry (granules, medium sand, and very fine
sand), and phosphorus concentration in the sediment were se-
lected by the Monte Carlo test to be used in CCA. Of this value,
51.8% was explained by the first axis (Table S3). The first two axes
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FIGURE 2 Ordination diagram from the two first axes of
principal component analysis (PCA) on abiotic data in the Sepetiba
Bay, with samples coded by zones and seasons. Variables codes:

F sand, fine sand; L sand, large sand; M sand, medium sand; Sal,
salinity; SC, silt +clay; VF sand, very fine sand; VL sand, very large
sand.

of the CCA ordination explained 70% of the total variance in the
species-environment correlation, with the first axis being positively
correlated with medium sand and negatively correlated with very
fine sand (Table S3). The second CCA axis was positively correlated
with granules and phosphorous. Trachinotus carolinus, T. falcatus
and Menticirrhus littoralis had a negative correlation with phos-
phorus and coarse sediment, occurring mainly in the outer zone.
Sphoeroides testudineus and Micropogonias furnieri were associated
with sites with higher temperatures and turbidity, whereas E. ar-
genteus and Achirus lineatus were found mainly in the middle zone
that had high phosphorus concentrations. Diapterus rhombeus and
Ctenogobius boleosoma were associated with sites where the sedi-

ment is dominated by medium sand (Figure 6).
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3.5 | Polychaetes versus fish relationship

No significant correlation was found between the Bray-Curtis simi-
larity matrices of polychaetes and fish according to the Mantel test
(r=.03; p=.17). This non-significant result was maintained when the
effect of environmental variables was removed, in the partial Mantel
test (r = .03; p = .15). The only significant relationship between fish
species (response variable) and polychaetes families (predictor vari-
ables) detected by the regression analysis was found for E. argenteus,
which showed a weak but significant dependence on the Goniadidae
and Spionidade polychaetes families (R? = .32; p <.05).

4 | DISCUSSION

No clear relationship between polychaete families and fish species
was detected, with both groups responding in a different way to
environmental variables. The granulometric sediment composition
seems to be an essential driver for the occurrence and distribution
of polychaetes and fish. Association of polychaetes with sediment
granulometry has been reported in previous studies that also pointed
out that water physicochemical variables seem to play a minor role in
polychaete distribution (Aguiar et al., 2020; Silva et al., 2017; Yeung
et al., 2010). Differences in sediment type are crucial for most ben-
thic animals, as their feeding strategies tend to be highly adapted
to sediment granulometry (Yeung et al., 2010). Capitellidae and
Magelonidae, for example, are deposit feeders found in fine frac-
tions of sediments (Yeung et al., 2010). However, in our study they
were positioned in the center of the ordination diagram, suggest-
ing a wider range of distribution across the different types of sedi-
ment. These two families (Capitellidae and Magelonidae) were found
mainly in the inner and middle zone, which despite having predomi-
nant coarse sediment in the shallow areas, had predominant muddy
sediment in deep areas (Borges & Nittrouer, 2016). This sedimentary
change observed in the sediment granulometry may be directly as-
sociated with anthropogenic activities. For example, the reconstruc-
tion of an artificial shoreline in the inner zone favored the deposition
of coarse sediment in the shallow areas. This new sedimentary com-
position may be affecting the biological community and may also be
a limiting factor for the establishment of several species, leading to
an ecological imbalance (Pagén et al., 2016).

The inner and middle zones had higher concentrations of nu-
trients stored in the sediment. These two areas present a marked
influence of urbanization in their surroundings. As a consequence,
anthropogenic activities carrying organic loads into the Bay may be
responsible forincreases in phosphorus and nitrogen in the inner and
middle zone. Areas with higher concentrations of nutrients had high
abundance of individuals of the Spionidae family, which is known for
having high tolerance to pollution (Dean, 2008; Omena et al., 2012).
The occurrence of Spionids seems to be favored by high levels of nu-
trients, mainly phosphorus and nitrogen, which are important mac-

ronutrients for primary production. Sandman et al. (2018) evaluated
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TABLE 3 PERMANOVA results for

Ll Gl e i AlEm testing differences in the structure of
Polychaetes polychaete and fish communities in the
Zone 2 11,237 225 002 Sepetiba Bay between zones (fixed factor)
. with sampling time and site (nested in
Sampling time 1 7379 1.38 .25
zones) as random factors
Site (zone) 12 5137 0.89 .65
Zone xsampling time 2 2464 0.46 95
Residual 44 2539
Fish
Zone 2 17,499 1.89 .012
Sampling time 1 22,481 3.640 .002
Site (zone) 12 7331 1.22 14
Zone xsampling time 2 6160 1.00 45
Residual 102 2426

Abbreviations: df, degree of freedom; MS, mean square.

Polychaetes - 20 Stress: 0.13
H
* ] a . .
L ] ™ .
. oe o .e LY
. = . ®
. .. .0 ® ... b .
.
L] . . ..
.. .o, ® . .
= ‘. [
ZONE
B . ®- i
a (a) .{Z)umre
n 20D Stress: 022
2| Fish .
=
o* -5
4 9
® LN '] ". >
° ..D.. :.. e
. :o.. oo fog, Y .
L] e "% o L]
» ;ﬁf‘ ‘3.. :. ae e
® ...a 0‘ s® .. o .
evee 8 st
. il . L
* ]
L] . ®
L]
L]
(b) *
nMDS 1

FIGURE 3 Ordination diagram of non-metric multidimensional
scaling on families polychaete (a) and species of fish (b) abundances,
with samples coded by zones: Red, inner zone; green, middle zone;
blue, outer zone.

the effects of the invasive polychaetes of the Spionidae family and
the Marenzelleria genus on phosphorus cycling. They observed that
these organisms can increase the flow of phosphorus from the sedi-
ment to the water column through bioturbation. However, they also
pointed out that high densities of Marenzelleria spp. can increase
phosphorus retention locally, causing a decrease in the self-cleaning

capacity of marine environments, which contradicts human efforts
to mitigate eutrophication in the region. Despite benefiting a series
of organisms and being growth stimulators, the increasing concen-
tration of nutrients must be viewed with caution, as they can con-
fer certain limitations, reaching lethal levels for some species of the
benthic community, and causing changes in the high trophic levels
(Nielson & Jernakoff, 1996).

The Nereididae family showed a high abundance in the inner
zone with high affinity for coarse sediment. This type of sediment is
unstable and with high mobility, being occupied by biota specialized
in niches with greater space between the grains (Silva et al., 2017).
In contrast, Polygordiidae and Syllidae were the families that most
contributed to the average similarity of the outer zone, showing a
greater affinity for dissolved oxygen. According to Dean (2008), the
presence of species of the Syllidae family has been used as an indi-
cator of high environmental quality, whereas the presence of species
of the Capitellidae family in a community is an indication of poor en-
vironmental conditions. The outer zone seems to have less influence
from anthropogenic activities due to the lower level of urbanization
in its surroundings, which may be contributing to the lower values of
nutrients in the sedimentary compartment and favoring the estab-
lishment of groups sensitive to urban pollution.

As with polychaetes, there was a significant relationship be-
tween ichthyofauna and the granulometric sediment composition,
as well as with the phosphorus concentration in the sediment. In
addition, water physicochemical variables such as high turbidity also
proved to be essential for ichthyofauna occurrence. Although fish do
not have an intuitive direct relationship with sediment granulome-
try, unlike benthic invertebrates, it is possible to understand several
reasons why fish were associated with the granulometric sediment
fractions. Yeung et al. (2010) highlight that part of this relationship
must be due to the important structuring role of the benthic infauna,
which comprises the main prey for several fish species. In addition,
Vasconcellos et al. (2018) evaluated the trophic ecology of three spe-
cies of Gerreidae (E. argenteus, Eucinostomus gula, and D. rhombeus)
in Sepetiba Bay and identified that polychaetes and Bivalvia siphons
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were the most important food items for these fish species. These
species likely have a preference for coarse sediment, with foraging
facilitated by the large mouth expansion that stirs the sediment in
search of food (Ramos et al., 2014; Vasconcellos et al., 2018).
Although we did not find any significant correlation between the
ichthyofauna and polychaetes families, according to the Mantel and

TABLE 4 Discriminant species for each zone of the Sepetiba Bay,
according to SIMPER analysis

Species Inner Middle Outer

Polychaetes

Average similarity (%) 28.3 28.1 19.9

Nereididae 52.3 8.2

Capitellidae 16.06 18.3

Spionidae 271 38.74 20.48

Magelonidae 7.05

Syllidae 30.9

Polygordidae 27.71

Goniadidae 18.8
Fish

Average similarity (%) 15.7 29.66 21.44

Genidens genidens 19.91

Atherinella brasiliensis 5.87 42.93 16.64

Anchoa sp. 13.62 16.59 12.7

Eucinostomus argenteus 7.93 16.39

Anchoa januaria 6.21 10.94

Ctenogobius boleosoma 6.49

Oligoplites saurus 6.58

Menticirrhus littoralis 5.99

Trachinotus carolinus 28.71

marine ccology | o UM TRSVEEAL

partial Mantel tests even after controlling environmental influences,
only the gerreid E. argenteus showed a weak but significant correla-
tion with the Goniadidae and Spionidae families, which may be as-
sociated to the similar environmental preferences of both taxa. The
absence of a consistent relationship between other benthivores fish
species and their potential prey can be explained by the low depth
in the shallow coastal areas that these species use as rearing ground
during their early life stages (Vasconcellos et al., 2018). Food avail-
ability is generally high during early development. In shallow coastal
areas, juvenile benthic fish also use abundant planktonic items, such
as copepods (Pessanha & Araujo, 2003, 2012). The low depth of
these areas favors the plankton components to be reached by the
fish, thus relieving predation on polychaetes, which also reduces the
potential for competition, and does not favor association between
these two biological groups. Guedes et al. (2015) evaluated the diet
of the 24 most abundant fish in deeper areas of the Sepetiba Bay and
observed that Polychaeta was the most important resource for nine
of the 24 examined fish species. They also observed that M. furnieri
and species of Eucinostomus fed mainly on Polychaeta in the inner
bay zone, changing to crustaceans in the middle and outer zones.
Although new insights on the fish-polychaete relationship have
been uncovered from this study, for example, sediment granulome-
try seems to be an essential driver in determining polychaetes and
fish distribution, we should consider some limitations that also come
together. It is necessary to consider that, because we used the family
level to describe polychaetes, the environmental relations with these
invertebrates may be underestimated. However, previous studies
have investigated taxonomic sufficiency and concluded that analy-
ses performed based on the identification of Polychaeta exclusively
at the family level are adequate to assess their distribution over
environmental gradient (Chapman, 1998; Checon & Amaral, 2016).

Overall, polychaetes are dominant in both species diversity and

FIGURE 4 Venn diagrams showing
the results of variation partitioning
analyses performed on the exclusive
and shared effects of the environmental
variables (water physicochemical,
granulometry, and nutrients in sediment)
on the abundance and composition of
polychaetes (a and b) and fish (c and d),
respectively.
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FIGURE 5 Ordination diagram of polychaete families and
environmental variables according to canonical correspondence
analysis. Codes: 1, inner zone; 2, middle zone; 3, outer zone.
Polychaetes: Capit, Capitellidae; Dorv, Dorvilleidae; Gonia,
Goniadidae; Lumb, Lumbrineridae; Magel, Magelonidae; Nerei,
Nereidida; Ophel, Ophelidae; Poly, Polygordiidae; Spio, Spionidae;
Syll, Syllidae.

abundance in benthic communities (Giangrande, 1997) and because
of this, the lack of correlation between benthivorous fish and certain
families of polychaetes may be also related to the trophic plasticity
of the ichthyofauna (Lowe-McConnell, 1999). This allows the use of
different families, as this food item is in great abundance in the en-
vironment, making the species competition less likely to occur and
favoring the coexistence of fish with a similar trophic niche.

Our results corroborate the findings of Yeung et al. (2010), who
did not identify clear links between fish species and polychaetes
families. In addition to the scarcity of studies that seek to investi-
gate the agreement between these groups, a clear description of
their trophicrelationship is also scarce. This lack of information does
not allow us to assess the level of selectivity of species. Kilgour and
Barton (1999) evaluated the associations between fish and benthic
invertebrates in different environmental gradients and stated that
fish and benthos reflect environmental conditions at different spa-
tial scales. The degree of community concordance among groups
of organisms depends critically on the spatial scale, with concor-
dance being generally weak at the scale of individual drainages, but
strong across multiple drainage systems and ecoregions (Paavola
et al,, 2006). The small spatial scale could also contribute to the
lack of concordance between fish and polychaetes in the present
study. Fish integrate environmental conditions on a broader spatial
scale, as they have a greater capacity for locomotion. In contrast,
invertebrates are relatively more sessile, thus better reflecting
local conditions (Kilgour & Barton, 1999). Aguiar et al. (2020) also
assessed the environmental and biological relationships between
fish and invertebrates in tropical marine environments and also did
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FIGURE 6 Ordination diagram of the fish data and
environmental variables according to canonical correspondence
analysis (CCA). Codes: 1, inner zone; 2, middle zone; 3, outer
zone, Fish: Aclin, Achirus lineatus; Dirho, Diapterus rhombeus;
Ctbol, Ctenogobius boleosoma; Euarg, Eucinostomus argenteus;
Melit, Menticirrhus littoralis; Mifur, Micropogonias furnieri; Sptest,
Sphoeroides testudineus; Trcar, Trachinotus carolinus; Trfal,
Trachinotus falcatus.

not observe a clear relationship between fish and invertebrates.
In addition, these two taxonomic groups were influenced by the
same environmental abiotic variables but responded differently.
Fish respond mainly to the physicochemical water variables, such
as turbidity, and to sedimentary variables, such as granulometry
and phosphorus. Invertebrates, in turn, were mainly related to the
granulometric characterization of the sediment and dissolved ox-
ygen in the water. These inherent specificities of each group, in a
single study, give a more holistic view of different ecosystem com-
partments. In this way, a joint survey of the ichthyofauna and the
benthic community can be fundamental for more comprehensive
knowledge of the marine coastal areas, as the evaluation of a cer-
tain biological group does not exclude the need for effort to learn
about another.

Although the study was carried out in only one bay, it has arobust
sampling design and is a step to understanding both the relationships
between fish and polychaetes communities and the environmental
influences (physical-chemical, sediment chemistry, and granulome-
try) on both groups. Rare studies have been published with these
different approaches. We believe that it is an important contribution
carried out at a local scale that can be considered and compared
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with other areas, thus helping to form a broader understanding of

this important aspect of the biodiversity in tropical estuarine areas.
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