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The Upper Parana River Floodplain includes rivers, channels, and lagoons with distinct limnological
features. In this region, benthic fish represent 47% of the ichthyofauna and feed on sediments rich in silt,
sand, and organic material. These deposits preserve biogenic silica structures such as sponge spicules,
phytoliths, and diatom frustules, which are useful in paleoenvironmental and taxonomic studies. Although
biogenic silica in freshwater fish diets is poorly studied, its presence in benthic species may reflect the
silica-producing organisms in the environment. Thus, the aim was to identify the diversity of biogenic
silica bodies in the stomachs of bottom fish of the Upper Parana River Floodplain. Phytolith analysis
demonstrated morphotypes characteristic of those produced by grasses, tree and shrub species and
indicated palm trees' presence. Therefore, the analysis of biogenic silica in the stomachs of bottom-
dwelling fish proved to be effective in identifying and analyzing the dispersion of freshwater sponges.
The results confirmed the predation of five species of freshwater sponges in the environments and sub-
environments sampled and the analysis of phytoliths demonstrated the presence of morphotypes already
described for those produced by plant region.

Keywords: biomineralization, phytoliths, freshwater sponge.

A planicie aluvial do Alto Parana inclui rios, canais e lagoas com caracteristicas limnoldgicas distintas.
Nessa regido, os peixes bentonicos representam 47% da ictiofauna e se alimentam de sedimentos ricos em
silte, areia e matéria orgédnica. Esses depositos preservam estruturas de silica biogénica, como espiculas
de esponjas, fitdlitos e frustulas de diatomaceas, que sdo tteis em estudos paleoambientais e taxondmicos.
Embora a silica biogénica na dieta de peixes de agua doce seja pouco estudada, sua presenca em espécies
bentdnicas pode refletir os organismos produtores de silica no ambiente. Assim, o objetivo deste estudo
foi identificar a diversidade de corpos de silica biogénica nos estomagos de peixes bentonicos da planicie
aluvial do Alto Parana. A andlise de fitdlitos demonstrou morfotipos caracteristicos daqueles produzidos
por gramineas, arvores e arbustos, e indicou a presenca de palmeiras. Portanto, a andlise de silica
biogénica nos estomagos de peixes bentdnicos mostrou-se eficaz na identificag@o e analise da dispersdo
de esponjas de dgua doce. Os resultados confirmaram a predagdo de cinco espécies de esponjas de agua
doce nos ambientes e subambientes amostrados, e a andlise dos fitolitos demonstrou a presenga de
morfotipos ja descritos para aqueles produzidos pela regido da planta.

Palavras-chave: biomineralizagao, fitolitos, esponja de agua doce.

1. INTRODUCTION

Biogenic silica structures, such as sponge spicules, phytoliths, and diatom frustules, serve as
valuable tools for research in fluvial environments. These microfossils enable
paleoenvironmental and paleontological investigations, as well as studies on sedimentation and
erosion processes, and on the composition of regional plant and poriferan communities. Their
potential lies in the fact that these structures can persist even in highly oxidized soils, where
other organic proxies, such as seeds and pollen grains, typically fail to be preserved [1].
Freshwater sponges possess a body structure composed of spongin fibers associated with
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siliceous spicules categorized as megascleres, microscleres, and gemmoscleres [2]. The spicules
derived from gemmules (gemmoscleres) hold taxonomic value and can indicate the family,
genus, and species of the original organism [3]. Once dissociated from the sponge skeleton in
nature, these spicules are commonly preserved in lacustrine and fluvial sediments [4-6].

In plants, the biomineralization of silica results in the formation of phytoliths—microbodies
of opaline and amorphous silica (SiO..H,O) precipitated within and between living plant cells
[7]. Phytolith morphology typically reflects the shape of the original plant cells [8]. Due to the
isometric nature of the source cells, phytoliths are taxonomically informative and particularly
useful for identifying families such as Arecaceae and Poaceae [9-11]. After plant death and
organic matter decomposition, phytoliths from different plant species can accumulate in
sediments, enabling relatively accurate inferences about local vegetation [12]. Another
photosynthetic silica biomineralizer is the diatom, whose cell wall — known as a frustule — is
composed of biogenic silica [13]. These frustules are taxonomically diagnostic, with each
diatom species exhibiting a specific morphology. Their thermal and mechanical resistance
favors preservation in sedimentary environments [14].

Silica-biomineralizing organisms, such as plants, have been documented in the diets of
various animals. For instance, phytoliths have been recovered from the digestive tracts of
ruminants [15]. In addition to plants, sponges can also serve as a source of biogenic silica, and
have been shown to be consumed by marine fish [16]. However, the presence of biogenic silica
in the diets of freshwater fish remains poorly studied. Nonetheless, sponge spicules have been
found in the stomach contents of benthic fish from Itaipu Reservoir [17]. Moreover, the analysis
of phytolith morphotypes preserved in the digestive contents of bottom-feeding fish remains an
understudied area.

The alluvial plain of the Upper Parana River begins downstream of the Porto Primavera Dam
(Engenheiro Sérgio Motta Hydroelectric Plant) and extends to the backwater zone of the Itaipu
Hydroelectric Reservoir. The width of the plain spans a stretch of less than 230 km [18]. The
region is part of the Atlantic Forest biome, specifically within the phytogeographic zones of
Semi-deciduous Seasonal Forest, Alluvial Semi-deciduous Seasonal Forest, and Pioneer
Formation with Fluvial-Lacustrine Influence, all of which are directly influenced by the water
regime of the channel and the groundwater table [19].

The Upper Parana River floodplain is characterized by a mosaic of rivers, channels, and both
open and closed lakes, which differ markedly in their limnological characteristics [20, 21]. This
floodplain is located in the Neotropical region; which harbors the highest global biodiversity,
including freshwater fish species [22]. Benthic fish account for 47% of the total fish fauna in the
Upper Parana River floodplain and are known for their varied diets, which include silt, sand,
and the full range of materials found in bottom deposits [23]. Sedimentological studies in this
region have demonstrated the preservation of biogenic silica structures such as sponge spicules,
phytoliths, and diatom frustules [5].

Live freshwater sponges have been recorded along the margins and bottoms of aquatic
bodies in Brazil [22-26]. Due to the limited accessibility of floodplain environments,
discovering new sponge species may require complex logistics. In this context, benthic fish may
feed on sponges, and analyzing their stomach contents could help detect the presence of specific
sponge species in the environment. These fish also ingest bottom-deposited materials [23],
which may contain accumulated phytoliths, sponge spicules, and frustules, along with aquatic
plants adhered to the substrate. This includes species from the family Podostemaceae, which
produce phytoliths of taxonomic significance [27]. In this context, the aim of this study was to
identify and quantify the diversity of biogenic silica bodies present in the stomach contents of
benthic fish from the Upper Parana River floodplain, a region recognized for its high biological
diversity. Furthermore, this study will provide evidence of the origin of these biogenic silica
bodies in the stomach contents of the fish, allowing inferences about the occurrence of
freshwater sponge species and riparian plants associated with the environment.
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2. MATERIALS AND METHODS

2.1 Study area

The study area is the alluvial plain of the Upper Parana River, in the subsystems of
Ivinhema, Baia and Parand Rivers. The fish sampling sites were the Patos Lagoon which is
located on the Ivinhema subsystem, a Closed lagoon located on the Baia subsystem, the Baia
River, the Ivinhema River and the Parand River main channels (Figure 1). These points were
selected due to the occurrence of bottom fish species.
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Figure 1: Location of the study area in the Upper Parand River Floodplain. Source: Adapted from:
http://www.peld.uem.br/images/planicie_2010.jpg.

The climate is classified as humid subtropical mesothermal (Cfa) according to the Képpen-
Geiger classification, with an average annual temperature of 21.2 °C. February is typically the
hottest month, with average highs often exceeding 32 °C, while July is the coldest, with average
lows around 11 °C [28]. Rainfall averages more than 30 mm per month throughout the year,
with the highest precipitation occurring between September and December, and the lowest
between June and August [29].

2.2 Sampling

Five fish species were selected: five Loricariichthys platymetopon (Isbriicker & Nijssen,
1979), one Loricaria sp., two Hypostomus regain (lhering, 1905), five Pterygoplichthys
ambrosettii (Holmberg, 1893), and one Hypostomus cochliodon (Kner, 1854). The sampled
animals are part of the campaigns and collection of the Programa de Pesquisa Ecologica de
Longa Duragdo (PELD) which carries out quarterly collections in different environments.
Fourteen individuals whose stomachs contained biogenic silica structures were sampled. Of the
total, eight individuals were females and six were males. The sampled animals are part of the
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campaigns and collection of the Programa de Pesquisas Ecologicas de Longa Duragdo (PELD)
which carries out quarterly collections in different environments. The fish were captured in a
period of high flow in December 2022 through gillnets of different mesh sizes: 2.4, 3, 4, 6, 7, 8,
10, 12, 14 and 16 cm between non-adjacent nodes, 20 m trawl nets and sieves. The fish were
anesthetized and euthanized with a standard solution of 100 g of benzocaine in 1 L of ethanol
(92%), diluted at the rate of 2 ml per liter of water (according to the 2015 CONCEA Euthanasia
Practice Guidelines). They were stored in plastic bags and identified at the Ichthyology
Laboratory of the State University of Maringd (UEM), later the stomachs were extracted and
fixed in 10% formalin. The sampling was approved by the Ethics Committee on the Use of
Animals (CEUA), process No 9251160223.

2.3 Biogenic silica analysis

The biogenic silica bodies were recovered in the following steps: 1) The stomach was treated
with HNO3 (65%) + H202 (v. 130) on a heating plate for 40 min (200 °C); 2) centrifugation
(1000 rpm/3min) followed by washing of the resulting material with distilled water; 3) washing
with neutral detergent; 4) washing with alcohol (70%); 5) drying in an oven (24 hours at 75 °C).
The resulting material was weighed and alcohol was added, it corresponds to mineral inorganic
material and biomineralizations, i.e. recovered inorganic material (RIM). Using a mechanical
pipette (50ul), it was collected and deposited on slides that, after drying, were covered with
entellan® and coverslip. The analyzed slides were deposited in the Laboratory of
Paleoenvironmental Studies of Fecilcam/UNESPAR — LEPAFE/Campus Campo Mourfo-
Parané-Brazil.

The slides were analyzed using an Olympus petrographic optical microscope with 10x and
40x magnification, and the images were captured with a 50-megapixel camera. Six transects
were analyzed for each slide and for each type of biogenic silica structure (phytoliths and
freshwater sponge spicules) were used for the counting and identification of biomineralizations.

Phytoliths were classified according to the morphological descriptions provided by the
International Code for Phytolith Nomenclature (ICPN 2.0) [9]. The spicules of freshwater
sponges were classified according to the Catalogue of Brazilian Porifera [30].

3. RESULTS

Among the five species of analyzed fish, all specimens had biogenic silica in their stomachs.
Of the 14 animals sampled, 13 had phytoliths and nine had identified sponge megascleres and
gemmoscleres, and diatom frustules were present in all animals.

In the set of analyzed stomachs, an average of 0.84 g (+ 0.85 g) of inorganic material was
recovered, 6.5 (x 3.18) phytolith morphotypes and 1.5 (= 1.74) of sponge spicules were
identified in all animals (Table 1). The male specimens presented an average of 1.25 g (£ 0.98 g
/ n=6) of inorganic material, 5.83 (+ 3.66) of phytolith morphotypes, 0.83 (£ 0.75) of sponge
spicules, and 1 identifiable gemosclera (= 0.70). The females had an average of 0.54 (+ 0.64 /
n=8) of inorganic material, 6.7 of phytolith morphotypes (+ 2.92) and three types of sponge
gemmoscleres (+ 2.12).
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Table 1: Fish sampled in the Upper Parana River floodplain. Acronyms: locality (LL) — Ivinhema River
(Rivi), Baia River (Rbai), Parana River (Rpar), Patos Lagoon (Lpat), and Closed Lagoon (Lclo), total
length of the fish (TL), reproductive maturity (RM) — mature (Mat) and immature (Imt); total weight of
the fish (TW, g), recovered inorganic material (M, g); sex (S) — female (F) and male (M); phytolith
morphotypes (PM),; sponge gemmoscleres (SG).

| LL Species | TL RM TWg Mg S PM SG

Rpar  Hypostomus 23,6 Mat 1869 0.79 F BUL FLA, ACU BUL and -
regain SPH ORN.

Hypostomus 20,5 Imt 83.9 1.04 M - -
regain

Rbai Loricariichthys 28,6 Mat 126.6 0.22 F BIL, ACU BUL, REC PSI, Oncosclera
platymetopon SPH ORN, BLO, BUL FLA and schubarti

CLA. and Tubella
paulula.
Loricariichthys 31,5 Mat 1751 0.16 F ELO FAC, ELO _DEN, Oncosclera
platymetopon ELO_ENT, BLO, BLO_LAC, navicella
SPH _ORN, RON, POL, OBL and  and
CLA. Oncosclera
schubart,
Uruguaya
corallioide,
Tubella
paulula and
Tubella
variabilis.
Pterygoplichthys 44,1 Mat 707.6 290 M BUL FLA, SPH ORN, SPH PSI,  Oncosclera
ambrosetti BLO, BLO _PSI, ELO_ENT and navicella
BIL.
Rivi Loricaria sp. 24,5 Mat 497 031 F ELO ROU, CYL, ELO ENT, -
SPH ORN
Hypostomus 21,4 Imt 1653 0.67 M CIR, RON, SPH ORN, -
cochliodon SPH ECY, BIL, ELO _ENT,
ACU BUL, TAB, TAB_PSI and
BLO ROU.

Lclo  Loricariichthys 29,4 Mat 108 0.05 M BLO, ELO_ENT and BIL. Oncosclera
platymetopon navicella
Loricariichthys 29,5 Mat 1393 0.07 F BU FLAand ELO _ENT. -
platymetopon
Pterygoplichthys 34,5 Mat 462.6 1.73 M RLO ENT, SPH PSI, SPH ORN, Tubella
ambrosetti 20 REC ROU, TAT PSI, ELO DEN, variabilis

BIL and BUL FLA. and
Oncosclera
navicella.
Pterygoplichthys 36,3 Mat  505.2 1.11 M BLO_PSI, BUL PSI, ELO _ENT, Tubella
ambrosetti RON, BIL, SPH_ORN and variabilis.
SPH ECH.
Pterygoplichthys 30,2  Mat 3727 0.67 F BUL FLA, RON, REC PSI, Tubella
ambrosetti REC ROU, ELO_ENT, ACU, paulula
BIL, SPH ORN and CUR.
Lpat  Loricariichthys 28,9 Mat 133 0.11 F BUL FLA, TAB PSI, ELO_SIN; Oncosclera
platymetopon BLO_PSI, ELO_ENT, SPH ORN, navicella,
SPH_PSI, BIL and CLA. Tubella
variabilis
and Tubella
paulula.
Pterygoplichthys 35,6 Mat  438.6 198 F BLO PSI, ELO ENT, OBL, SAD,  Tubella
ambrosetti RON, BIL, ACU BUL, SPH PSI palula.

and SPH ORN.

3.1 Sampled environments

In the Parand River, only two individuals of Hypostomus regani (lhering, 1905) were
analyzed, and an average of 0.92 g (£ 0.17 g) of inorganic material was recovered. Three
phytolith morphotypes were named, BULLIFORM FLABELLATE (BUL FLA), ACUTE BULBOSUS
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(ACU_BUL) and SPHEROID ORNATE (SPH_ORN). In the stomach contents of fish from this site,
diatom frustules, one sponge spicule of the megasclere type acanthoxea, and another of the
acanthostrongyle type were recovered (Figure 2).

Figure 2: Main gemmoscleres and megascleres of freshwater sponges found in the stomach of bottom-
dwelling fish in the alluvial plain of the Upper Parana River. Images A—F were obtained under a 40
objective lens (scale bar = 15 um); image G under a 10% objective lens (scale bar = 50 um); and images
H-J under a 40 x objective lens (scale bar = 100 um). Gemmoscleres: A Uruguaya corallioides; B and C

Oncosclera navicella, D Oncosclera schubart; E Tubella paulula; F Tubella variabilis. Megascleres: G
Acanthoxea (Tubella manauara); H Acanthostrongyles (Corvospongilla seckti); I Oxea; J Strongyle.

The highest average of inorganic material in the stomachs of the fish was recovered in the
specimens of the Baia River, with an average of 1.10 g (x 1.56). In this environment,
16 phytolith morphotypes were identified with redundancy for the SPH_ORN and BLOCKY
PSILATE (BLO_PSI) found in all individuals. Four species of sponges (average of 2.67 £ 2.08)
were identified, namely: Oncosclera schubarti (Bonetto & Ezcurra de Drago, 1967), Tubella
paulula (Bowerbank, 1863) and Oncosclera navicella (Carter 1881) preyed upon by two
animals and Uruguaya corallioides (Bowerbank, 1863).

In the Closed lagoon, the average inorganic material present in the stomachs of fish was
0.72 g (= 0.71). A total of 15 phytolith morphotypes were identified with ELONGATE ENTIRE
(ELO_ENT) found in all individuals, while BILOBATE (BIL) and BUL FLA were identified in
only four individuals. The animals preyed on three species of sponges (average of 1 + 0.71),
which were identifiable as Tubella variabilis (Bonetto & Ezcurra de Drago, 1973), O. navicella
and 7. paulula (Table 1). In the Ivinhema River, the lowest average of inorganic material was
recovered in the stomachs (0.49 g = 0.25 / n=2). And, 12 phytolith morphotypes were identified,
SPH _ORN and ELO_ENT were found in the two sampled individuals. Three megascleres oxea
were detected.

In the Patos Lagoon, a greater amount of inorganic material was recovered in the stomachs
compared to the previous environment, with an average of 1.05g (£ 1.32 / n=2). At this site,
14 phytolith morphotypes (average of 9 + 0), and four gemmoscleres (2 + 1.41) were identified.
The most redundant morphotypes were BLO _PSI, ELO_ENT, SPH_ORN, BIL, and SPHEROID
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PSILATE (SPH_PSI), found in both species. The sponge species 7. paulula was preyed upon by
the two animals sampled in this lagoon.

The quantity of gemmoscleres varied between the fish species L. platymetopon and
P. ambrosettii. Gemmoscleres of sponge species O. navicella, T. paulula, and T. variabilis were
recorded in the stomach contents of both fish species, whereas O. schubarti and U. corallioides
were found exclusively in the stomach contents of L. platymetopon (Figure 3).

A total of 743 megasclere spicules were recorded across the analyzed species, with an
average of 96 per individual and a high standard deviation (£ 100.85). In L. platymetopon, the
number of spicules ranged from zero to 267, totaling 480 structures in the five specimens
analyzed, with a mean of 96 (+ 103.85). In H. regani, the two examined individuals contained
11 spicules, with an average of 5 (= 2.12). The single specimen of Loricaria sp. presented three
megascleres. In P. ambrosetti, five individuals accounted for 249 spicules, with an average of
49.8 (+ 37). In H. cochliodon, however, no spicules were recorded (Figure 4).
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3.2 Phytolith diversity

A total of 27 identifiable phytolith morphotypes were recovered. The most common was the
ELO ENT (n = 110) found in the stomachs of 11 animals. In P. ambrosetti 19 morphotypes
were found, in L. platymetopon 19 morphotypes, in H. cochliodon 10 morphotypes, and in H.
regani five morphotypes. Other phytolith morphotypes were also found, increasing the diversity
recorded in this study (Figure 5). In addition, a pollen grain was identified (See Table 2).
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Figure 5: Main morphotypes of phytoliths and pollen grains found in the stomach of fish exploring the
bottom of the alluvial plain of the Upper Parand River, observed under a 40% objective lens; scale bar =
Sum: Al - ACU; A2 - ACU BUL; B-BIL; C-BUL FLA; D-CLA; E-CYL; Fl - BLO; F2 -

BLO _ROU; GI - ELO_ENT; G2 - ELO _DEN; H-POL; I-REC ROU; J-RON; K -SA4AD; L1 -
SPH ECH; L2 - SPH ORN; L3 - SPH _PSI; M - TAB; N - Pollen.

Table 2: Abundance and diversity of phytolith morphotypes identified in the stomach contents of benthic
fishes from the Upper Parand River floodplain, classified according to the International Code for
Phytolith Nomenclature 2.0 (ICPN 2.0), with corresponding morphotype codes and absolute frequencies

(n).

_Morphotype Name ___ International Code for Phytolith Nomenclature 2.0 _ Quantity (n) _
ACUTE ACU 1
ACUTE BULBOSUS ACU BUL 109
BILOBATE BIL 99
BLOCKY BLO 29
BLOCKY LACUNATE BLO LAC 1
BLOCKY PSILATE BLO PSI 14
BLOCKY ROUGH BLO RUG 7
BLOCKY SINUATE BLO SIN 1
BULLIFORM FLABELLATE BU FLA 54
CIRCULAR CIR 1
CLAVIFORM CLA 5
CYLINDER CIL 3
ELONGATE CURVED ELO CUR 1
ELONGATE DENTATE ELO DEN 3
ELONGATE ENTIRE ELO ENT 110
ELONGATE FACETATE ELO FAC 2
OBLONG OBL 3
POLYLOBATE POL 1
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RECTANGULAR PSILATE REC PSI 5
RECTANGULAR ROUGH REC RUG

RONDEL RON 19
SADDLE SAD 3
SPHEROID ECHINATE SPH ECH 4
SPHEROID ORNATE SPH ORN 261
SPHEROID PSILATE SPH_PSI 261
TABULAR TAB 26
TABULAR PSILATE TAB PSI 5

4. DISCUSSION

Female fish showed a lower value of inorganic material compared to males, and presented a
higher average diversity of phytolith morphotypes and also sponge spicules. This confirms that
the amount of inorganic material does not imply the diversity of biogenic silica bodies and that
not all inorganic matter is biogenic silica. This also happens in plants, in studies with plants
from the Upper Parana River Floodplain, they have already demonstrated that a quantity of
material resistant to acid burning does not imply a diversity of phytolith morphotypes and that
not all recovered material is necessarily bodies of biogenic silica [31, 32].

There was a higher concentration of inorganic material found in the stomach of fish from the
Baia River compared to the specimens from Parana and Ivinhema Rivers, confirming the studies
of these same environments [33]. Uruguaya corallioides was found exclusively in the Baia
River. This freshwater sponge inhabits deep lotic environments, with rocky and protected
bottoms [22]. This species had already been described in the Tiet€ River, adhered to
Limnoperna fortunei (golden mussel) in the Upper Parana River and its gemmoscleres observed
in sediments of fluvial islands of the Parana River [34-36].

The low concentration of inorganic material found in the Closed Lagoon confirms that the
current is essential for the transport of organic and inorganic particulate matter (Sh 1985). For
Silveira (2004) [37], the river's flow conditions exert a significant influence on the ecosystem
processes of energy transport and matter cycling.

A higher amount of inorganic material was found in the fish from the Patos Lagoon than in
those from the Ivinhema River. Ragonha and Takeda (2014) [38], had already shown that the
Patos Lagoon also had a higher concentration of organic material in the sediment when
compared to the Ivinhema River. This is since open lagoons such as the Patos have a direct
connection channel with the river, which, in turn, favors the entry and increase of nutrient
contents. As a consequence, there is a homogenizing effect that increases the diversity of
biological species [39].

The specimens of H. regani captured in the Parana River did not exhibit ingestion of
gemmoscleres but revealed the presence of megascleres of the acanthoxea type,
morphologically similar to those described for Tubella manauara (Nunes, Custodio & Pinheiro,
2024), recorded in the Amazon Basin [40].

Gemmoscleres belonging to both O. navicella, T. paulula and T. variabillis were found in
the specimens of L. platymetopon, while in P. ambrosettii there was a preference for 7. paulula
and T. variabilis. However, T. variabilis was preyed upon less frequently by both species.
Tubella variabilis occurs in both lotic and lentic environments and can be associated with
macrophytes and also adhered to the soil [41, 42].

Loricariichthys platymetopon showed exclusivity in the predation of O. schubarti and
U. corallioides. This finding indicates a preference for sponge species among fish inhabiting the
Upper Parand River floodplain. The occurrence of O. navicella in both lotic and lentic
environments has also been reported in the Piquiri River (Parané State) and in Venezuela [22,
43, 44, 45]. Gemmoscleres of O. navicella were also found in sediments from Parana State, near
the study area [46]. In the stomach contents of a L. platymetopon individual from the Parana
River, megasclere spicules of the Acanthostrongyle type were found, similar to those described
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for Corvospongilla seckti Bonetto & Ezcurra de Drago, 1966 [47], were recorded; however,
gemmoscleres of this species were absent.

The ELO_ENT was the most common phytolith, this morphotype is considered to have no
taxonomic value, being produced by several species of monocots and eudicots [31, 32]. The
other morphotypes: BUL FLA and ACU BUL are considered characteristic of grasses that
indicate water stress [48], SAD and BIL, RON that indicate C4 grasses [49, 50], T74AB indicates
broadleaf trees [1, 51], SPH _ORN is found in woody species [52] and SPH ECH is
characteristic of Arecaceae and Bromeliaceae [10, 53]. The phytolith morphotypes preserved in
the fish stomachs are similar to those produced by plant species located in the region [30, 31]. It
is worth noting that, since this is a fluvial environment with constant flow, some morphotypes
may have been transported from other regions by the river and/or by flood pulses, and were
subsequently deposited in the sediments of the studied area and, consequently, ingested by
benthic fish. The high number of preserved phytolith morphotypes demonstrated that the
stomach activity of freshwater fish does not interfere with the morphological preservation of
biogenic silica bodies.

The literature indicates that L. platymetopon [54, 55], H. regain [56], species of the genus
Loricaria [57], P. ambrosettii [58], and H. cochliodon [59] share a predominantly benthic
trophic pattern, with diets based on detritus, algae, sediment, and substrate-associated
invertebrates. The data from the literature demonstrate that the four species and the genus
Loricaria exhibit primarily benthic and detritivorous feeding habits. Such that the occurrence of
sponges (Porifera) in the stomach contents constitutes a novel record for these taxa.
Additionally, this study provides the first detailed description of the occurrence and preservation
of phytoliths in the stomach contents of freshwater fishes and the second in the stomach
contents of freshwater aquatic vertebrates [60]. However, no new species of freshwater sponges
or new phytolith

5. CONCLUSION

The males had a higher rate of inorganic material and a lower quantity and diversity of
phytoliths and sponges. On the other hand, females had a lower rate of inorganic material and a
higher diversity of phytoliths and sponges. This demonstrates that the amount of inorganic
matter ingested by fish does not reflect the quantity and diversity of biogenic silica bodies.
Considering this analysis and identification of the gemmoscleres, the presence of five species of
sponges in the sampled environments and subsystems was recorded. Regarding phytoliths,
although the river channel may have transported morphotypes, the subsystems presented
similarity in the morphotypes of phytoliths produced by vegetables in the region, both size and
morphology were maintained and preserved in the stomach of bottom fish. Therefore, the
analysis of the stomachs of these fish species can serve as indicators of the presence of sponges
in different environments. Future studies should be conducted to confirm this hypothesis,
increasing knowledge about the biodiversity of the Upper Parand River Floodplain, the
interactions between organisms and to ensure the conservation of ecosystems.
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