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ABSTRACT

The main objective of this study was to identify spatial and seasonal variations on the diet of Psalido-
don aff. fasciatus from the Tibagi River (South Brazil) before the construction of the Tibagi Montante
hydropower plant. Fish were collected quarterly between October 2017 and July 2019. 536 stomachs
containing feeding items and identified to the lowest taxonomic level as possible have been analyzed.
Results showed that plants, Hymenoptera, and insect parts in general were the most consumed items.
The analysis of feeding strategy showed a diet based on rare items but with individuals varying among
specialist, generalist, and opportunistic trends depending on the season. The non-metric multidimen-
sional scaling (NMDS) revealed diet overlap in both spatial and seasonal terms, which was confir-
med by the permutational analysis of variance (PERMANOVA). The indicator value analysis (IndVal)
identified 15 items as the most important components of this species’ diet such as superior plants,
Hymenoptera and insect parts. Therefore, before the formation of the reservoir, P. aff. fasiatus could
be characterized as predominantly herbivore with a strong trend for insectivory. Across seasons, this
species had a specialized diet all year, although with more specialized preferences in the spring when
the consumption of plants was increased.

Keywords: before the construction; feeding; specialist; generalist; opportunistic.

Dieta de Psalidodon aff. fasciatus (Cuvier, 1819) (Teleostei: Characidae)
antes da formacao de reservatoério na regido neotropical

RESUMO

0 objetivo deste trabalho foi identificar variagdes espaciais e sazonais da dieta do Psalidodon aff. fas-
ciatus do rio Tibagi (Sul do Brasil) antes da construgio da usina hidrelétrica Tibagi Montante. Os
peixes foram amostrados trimestralmente entre outubro de 2017 e julho de 2019. Foram analisados
536 estdmagos contendo itens alimentares e identificados até o menor nivel taxonémico possivel. Os
resultados indicaram que vegetais, Hymenoptera e restos de insetos em geral foram os itens mais con-
sumidos. A andlise da estratégia alimentar mostrou uma dieta baseada em itens raros, mas com indi-
viduos variando entre tendéncias especialistas, generalistas e oportunistas, dependendo da estagdo. O
escalonamento multidimensional ndo-métrico (NMDS) mostrou sobreposi¢ido da composicido da dieta
tanto em escala espacial quanto sazonal, o que foi confirmado pela analise de varidncia permutacional
(PERMANOVA). A analise do valor indicador (Indval) identificou 15 itens como os componentes mais
importantes na dieta desta espécie, como plantas superiores, Hymenoptera e resto de insetos. Por-
tanto, antes da formacao do reservatorio, P, aff. fasciatus, pode ser caracterizada como predominante-
mente herbivora com forte tendéncia insetivora. Ao longo das estagdes, esta espécie apresentou dieta
especializada durante todo o ano, embora com especializagdo na primavera, quando houve aumento
do consumo de vegetais.

Palavras-chave: antes da construgdo; alimentagio; especialista; generalista; oportunista.

INTRODUCTION

Spatial and seasonal variations occur in freshwaters as a result of environmental
factors and, more recently, as the consequence of human influences affecting the
behavior of resident species (Silva et al., 2012; Leite et al., 2021). The study of these
environmental variations has directly contributed towards sustainable use of natural
resources, for example, through assessments of how species feed themselves and how
such variations arise from environmental-related factors, especially for fish (Jorge
et al., 2019; Leite et al., 2021). In addition to disentangling important biological and
behavioral patterns, tracking how feeding strategies adapt to these variations has
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enhanced the maintenance of natural resources (Zavala-Camin,
1996; Silva et al., 2012).

Feeding habits of freshwater fish species have been extensively
studied in Brazil, especially in rivers that run through Southern
regions due to the large number of dams for the production
of electric energy in these more economically developed
regions (Novakowski et al., 2007; Silva et al., 2019). These
impoundments cause immediate impacts in spatial and seasonal
variations, with inevitable consequences for fish (Agostinho
et al., 2007; Baumgartner et al., 2018; Granzotti et al., 2018).
Such alterations in spatial and temporal dynamics affect how
fish occupy the landscape based on the geography, which is
directly related to fish movement across habitats, as well as it
affects how biotic relationships occur (Wang et al., 2019). The
mechanistic explanation is that any spatio-temporal potentially
affects prey availability, whereas fish species have evolved to
develop compensation strategies related to diet flexibility so
they could compensate for prey shortages by feeding on other
resources during their lifespan (Wang et al., 2019).

Most of the largest hydrographic basins of South America
are located in Brazil and are now occupied by more than 700
reservoirs, especially the Upper Paranad River basin (Agostinho
et al.,, 2007). Most of these reservoirs were built for energy
production and several studies have revealed effects on the
aquatic flora and fauna. These studies report effects on species
composition and abundance, including population collapses
and local extinctions (Agostinho et al., 2007; Agostinho et al.,
2016). However, it is only possible to identify changes arising
from dam construction and subsequent reservoir formation when
the previous states are known, which is what motivated the
mainstem of this study.

Within the Upper Parana River basin, there is arecently increasing
interest in dam constructions in Tibagi River, located in the state
of Parand, which has a hydrographic basin composed of 65 direct
tributaries and hundreds of small rivers (De Franga, 2002; Medri
et al., 2002). Tibagi River has a relatively high species abundance,
especially composed of small-sized species, where the Psalidodon
aff. fasciatus (Cuvier, 1819) figures as one of the most abundant
ones (Galvis et al., 1997; Matoso et al., 2010). This is a small-
sized Characidae species that lives in streams and low-flow rivers
under intermediate population densities (Matoso et al., 2010). It
is popularly known as “lambari-do-rabo-vermelho” (“red-tail
minnow”) or “piaba” because of its morphological characteristics
of red colors in the caudal fin (Garcia et al., 2001). Previously
named as Astyanax aff. fasciatus, this species was revised and
reintroduced as belonging to the Psalidodon genus (Teran
et al., 2020), which is the form used hereafter. Geographically
distributed from North to South America (Zanata and Camelier,
2009; Schmitter-Soto, 2017; Teran et al., 2020), this species is
also commonly found in Tibagi River basin. Within this species’
range, it is characterized as generalist and opportunistic feeder
(Bennemann et al., 2005) and consequently has an intimately
relationship with local diversity of prey (Wolff et al., 2009; Silva
et al., 2014), especially because of its potential to adapt to recently
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altered environments such as reservoirs (Bennemann et al., 2005;
Andrian et al., 2006; Mise et al., 2013).

Thus, this study aimed to characterize the diet of P. aff.
fasciatus in Tibagi River before the impoundment caused by
Tibagi Upstream hydropower plant, and the associated spatial
and temporal variations in diet. Specifically, we aimed at three
questions:

* how can the diet of P. aff. fasciatus be described in terms of
the most consumed items?;

+ are there spatial and seasonal variations in diet?;

+ if so, what are the items that are responsible for these
differences in diet?

With these answers at hand, we argue that diet switching is
important for local populations and that species that present
trophic plasticity have increased potential for colonizing altered
environments such as newly formed reservoirs.

MATERIAL AND METHODS
Study area

This study was conducted in a stretch of Tibagi River that
is located in Tibagi City, Parana State, Brazil. Sampling sites
were located within the area of influence of Tibagi Montante
hydropower plant. Surveys were conducted at five sites in
the main river channel: Downstream (Dow: 24°31°41.17”S
e 50°24°25.5070), a site with high water flow but with the
formation of small backwaters, high depth, and with a rocky
bottom that was commonly filled with sandy and muddy substrate;
Dam (Dam: 24°32°49.70”S e 50°24°02.27”0), the site where the
dam was constructed further, previously located between two
riffles, with moderate flow, rocky substrate covered with sand,
and few riparian vegetation; Intermediary (Int: 24°36°26.82”S
e 50°25’31.85”0), a site with slow-flowing waters that allowed
for muddy and sandy substrate, and relatively preserved riparian
vegetation; Backwater (Bac: 24°38°57.01”’S e 50°25°32.8170),
a site with slower water flow, rocky substrate, and few riparian
vegetation; Upstream (Ups: 24°41°25.50”S e 50°23°35.8370), a
site with rapid water flow, small stretches of backwaters, rocky
and sandy substrate, and well-preserved riparian vegetation; and
Tributary (Tri: 24°38°46.18”S e 50°26°00.32”°0), a site located
at the confluence of Tibagi River with a tributary from its left
margin, with rocky substrate that was composed of silt in the
margins and predominantly sand in the middle, whereas the
riparian vegetation was moderately preserved (Figure 1).

Samplings
Fish were collected every three months between October 2017
and July 2019, with one survey at each season. Specimens were

caught using 10-meter gillnets set at the littoral zones in each
sampling site, with meshes of 2.4, 3, 4, and 5 cm between non-
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opposite knots. Gillnets were exposed for 16 hours, re-visited
every 8 hours. After samplings, individuals were euthanized
with benzocaine solution (250 mg/L), stored in plastic gallons
containing 10% formaldehyde solution, and transferred to the
laboratory of ichthyofauna of the Grupo de Pesquisas em Recursos
Pesqueiros e Limnologia (GERPEL), at the Universidade Estadual
do Oeste do Parana (Unioeste), campus of Toledo, Parana, Brazil.
This sampling protocol was approved on October 19®, 2016 by
the Comité de Etica no Uso de Animais, from Unioeste.

In the laboratory, we measured the total length and weight
of each individual, and determined their sex based on visual
inspection of gonads, as well as their degree of stomach filling
based on Zavala-Camin (1996). Specimens classified as degree
2 or 3 (partially or completely filled, respectively) had their
stomachs extracted and stored in alcohol 70% solution. The
contents of each stomach were identified under stereoscopic

microscope based on Bicudo and Bicudo (1970), Pérez (1988),

Higuti and Franco (2001), Bicudo and Menezes (2006), Costa

et al. (2006) and Mugnai et al. (2010). The volumes of items

were calculated using two methods:

« the difference in water column height using a graduated beaker,
whenever their volume was higher than 0.1 mL;

 the space occupied on a millimetric plate whenever their
volume was lower than 0.1 mL (Hellawell and Abel, 1971).

Diet analysis

After identifying and quantifying each diet item, we built
an accumulation curve to estimate the diversity of items as the
number of analyzed stomachs increased (Ferry et al., 1996). The
quantitative variables derived from the analyses of stomachs’
contents were: frequency of occurrence (FO%), volume (VO%),
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Figure 1. Map with the location of the five sampling sites (Dow = Downstream; Dam = Dam Int = Intermediary; Bac = Backwater;
Ups = Upstream; Tri = Tributary) where individuals of Psalidodon aff. fasciatus were collected from October 2017 to July 2019 in

Tibagi River, Tibagi, Parana, Brazil.
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and dominance (DO), as proposed by Hynes (1950) and Hyslop
(1980). By using these variables, we calculated the prevalence
of each item based on the feeding diet using the index (IAi%)
proposed by Kawakami and Vazzoler (1980) (Equation 1):

IAi = (FO% * VO%) / (FO% * VO%) (1

In order to describe the feeding strategy across space and time, we
used the graphical method proposed by Costello (1990) and modified
by Amundsen et al. (1996), which is calculated as Equation 2:

Pi% = (DO/FO%) * 100 ©)

In the graphical representation, the Y-axis always represents
FO%, whereas the X-axis portrays either Pi, DO or FO.

The matrix containing the raw volumes (in mL) of each
item (columns) in each stomach (rows) was transformed using
the Hellinger transformation to deal with extreme values and
the high frequency of zeroes (Legendre and Gallagher, 2001).
Then, we used the transformed data to calculate a stomach-
by-stomach dissimilarity matrix based on the Bray-Curtis
dissimilarity index (Anderson, 2014). We then applied a Non-
Metric Multidimensional Scaling (NMDS; Kruskal, 1964) to
visualize the differences in diet composition among individuals
based on the consumed items. To test for visual differences
between sampling sites and seasons, as identified in the NMDS,
we applied a Permutational Multivariate Analysis of Variance
(PERMANOVA) using 9999 permutations under a reduced
model, and subsequent pair-wise tests (Anderson, 2001; 2014).

Inorderto identify the items that were responsible for the differences
identified in the steps above, we applied an Indicator Value (IndVal)
analysis, following Dufiéne and Legendre (1997). This analysis
works by grouping the variables (diet items) that showed significant
differences between the tested groups (in our case, the five sites and
the four seasons). All data preparation, handling, and analyses were
conducted in R version 4.0.2 (R Core Team, 2020).

RESULTS
Diet composition

We analyzed 536 stomachs, from which 50.74% were male
individuals with mean (£ SD) standard length of 8.02 (£ 1.57)
cm and mean weight of 12.81 (+ 7.23) g, and 49.26% were
female individuals with mean standard length of 9.25 (£ 1.66)
cm and mean weight of 19.90 (£ 11.49) g. The accumulation
curve of items stabilized, on average, at 44 consumed items as
long as 490 stomachs were analyzed (Figure 2). The number
of consumed items varied among sampling sites, with the Dam
(47 items) as the site where individuals consumed the highest
number of items, followed by Backwater (33 items), Tributary
(28 items), upstream (26 items), downstream (24 items), and
Intermediary (22 items).
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Regarding the seasons, P. aff. fasciatus individuals had an
increased diversity of items in their diet during the spring, with
38 items in total (Table 1). From autumn to winter, the number
of consumed items increased from 28 to 32 items. Among the
most consumed items in terms of frequency in their stomachs
(IA1%), we found:

* superior plants, during all four seasons, especially during
autumn, and in most individuals found in all sampling sites;
* Hymenoptera and other insect parts, especially during

spring (Table 1).

Despite these dominant items, we also observed larvae, parts
and adults of Bivalvia, Odonata, Thysanoptera, Muscidae, and
small fishes, with both spatial and temporal variations in their
dominance (Table 1).

The analysis of feeding strategy indicated that the individuals
of P. aff. fasciatus consumed a variety of items that could be
considered rare or only occasionally ingested. However, their diet
was predominantly composed of plant parts, besides filamentous
algae, insect parts, and adult individuals of Hymenoptera and
Lepidoptera, especially in spring (Figure 3A). In summer,
individuals also consumed Bacillariophyceae and seeds (Figure
3B), whereas Corbiculidae and Gomphidae invertebrates were
more consumed during autumn and winter (Figures 3C and 3D).

Among sampling sites, we found that the individuals of P.
aff. fasciatus showed increased specialization, preferentially
consuming plants (Figure 4). Spatially, the identity of the most
consumed items varied among sampling sites. This increased
variation has contributed to widening the trophic niche more
than across time, comparatively. As noticed from raw data, the
NMDS (stress = 0.13) suggested niche overlap in the diet of P.
aff. fasciatus in both spatial and temporal scales (Figure 5), with
clearly higher variability in consumed items during spring.

Differences in diet composition

The diet of P. aff. fasciatus varied significantly depending
on the sampling site (PERMANOVA; Pseudo-F = 9.734; p <
0.001) and the season (PERMANOVA; Pseudo-F = 35.733; p <
0.001), as well as for the interaction between sites and seasons
(PERMANOVA; Pseudo-F = 3.644; p < 0.001), showing that the
spatial differences in the diet of P. aff. fasciatus varied depending
on the considered season. The pair-wise tests showed that the
differences between Ups x Dam and Dam x Tri were consistent
among all seasons (Table 2). In addition, the comparisons Bac x Int
showed no differences in diet seasonally (Table 2). By comparing
all sites across seasons, we found that the diet of P. aff. fasciatus
did not differ between Ups x Dam during all seasons (Table 3).

The IndVal analysis indicated that 15 items as the most
responsible for the observed differences in the diet composition
of P. aff. fasciatus during the studied period (Table 4). As
indicators of site and season, Isoptera, Chlorophyceae, and insect
parts were more frequently found in stomachs during the spring
and in the Upstream site (Table 4), whereas Cyanophyceae,
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Figure 2. Accumulation curve of the number of diet items that occurred as the number of analyzed stomachs increased for 536
individuals of Psalidodon aff. fasciatus from Tibagi River, Paran4, Brazil, collected from October 2017 to July 2019.

Bacillariophyceae, and detritus were also common in the same
site, but during summer. In contrast, superior plants and seeds,
and adult Thichoptera were most frequently consumed in sites
such as Downstream, Tributary, and Dam during summer.
Finally, Diptera (in both adult and larvae stages) were more
intensively consumed during summer in Upstream (Table 4).

DISCUSSION

The number of stomachs that were partially filled or completely
full (degrees 2 or 3, respectively) was high enough for us to be
confident that the diet of P. aff. fasciatus in Tibagi River before

Fonseca et al,, Bol. Inst. Pesca 2022, 48: e728. https://doi.org/10.20950/1678-2305/bip.2022.48.e728

the construction of Tibagi Montante hydropower plant could
be described. As suggested by Teixeira and Gurgel (2002), the
analysis of stomach contents is as robust as the number of non-
empty stomachs so that the diversity of items in their content is
potentially maximized. As seen in the accumulation curve based
on the analyzed stomachs for this paper, the number of items
stabilized with slightly more than 40 analyzed stomachs. In
addition to the temporal and spatial variability, the total number
of stomachs on which we based our analyzes (N = 536) was
significantly higher than this stabilization threshold.

We found that P. aff. fasciatus could be characterized as
euriphagic (Zavala-Camin, 1996; Abelha et al., 2001), with
variations within generalist and opportunistic feeding behaviors.
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Table 1. Items and their contribution to the feeding diet index (IAi%) of Psalidodon aff. fasciatus from five sampling sites in Tibagi
River, Parana, Brazil, between October 2017 and July 2019.

Sampling Site Season
Dow Dam Int Bac Ups Tri Sp Su Au Wi

Stomachs 71 152 58 74 77 104 117 92 159 168
Item/IAi%

Sediment 0.093 0.002 0.003 0.021 0.270 0.001 0.245 0.005 0.006
Algae

Filamentous algae 0.006 * 0.005

Bacillariophyceae 0.062 0.001 2.227 0.260 0.958

Chlorophyceae 0.144 0.173 0.071 1.063 0.532 0.202 2.693 0.003 0.001 0.327

Cyanophyceae 0.010 0.000 0.003 0.059 0.000 0.099
Superior plants

Seeds 38.480 0.039 2.016 0.008 0.679 0.649 0.701 0.937 8.850 0.338

Vegetative parts 57377 94769  93.167 75935 72.827 79.644 27.717 90.690 88.671  93.402
Bivalvia

Bivalvia *

Corbiculidae 0.018 0.003 0.001 0.001
Annelida

Hirudinea 0.010 0.016 0.005 0.003 * * 0.002 0.011 0.010 0.003
Ephemeroptera

Ephemeroptera (A) 0.003 0.056 0.004 0.010 0.001 0.033 0.002 0.004 0.005

Ephemeroptera (N) 0.007 ® 0.001 0.005 0.032 0.002

Baetidae * 0.103 0.005 0.108 0.005 0.003 0.072 0.046 0.032

Leptohyphidae 0.003 0.004 0.015

Leptophlebiidae *
Odonata

Odonata (N) * 0.002

Gomphidae 0.001 0.001

Isoptera 0.015 0.020 0.236 0.506

Thysanoptera * * * * 0.001
Hemiptera

Hemiptera 0.001 0.006 0.001 0.002 0.010 0.020 0.073 0.001 0.005 *

Mesoveliidae * 0.013 0.008

Homoptera * 0.003 0.003 0.003 0.046 0.003 0.019 0.006 0.005
Coleoptera

Coleoptera (A) 0.166 0.969 0.275 0.573 0.106 1.315 5.537 1.091 0.076 0.154

Elmidae 0.001 0.001 0.001 0.001 * 0.001 0.001
Lepidoptera

Lepidoptera (A) 0.001 0.013 0.005 0.017 0.034 0.046 0.016 0.001 0.008

Lepidoptera (L) 0.001 0.001 0.010

Pyralidae 0.001 * 0.008 0.364 0.006 0.007 0.001 0.050

Continue...
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Table 1. Continuation.

Sampling Site Season
Dow Dam Int Bac Ups Tri Sp Su Au Wi
Diptera
Diptera (A) 0.001 0.043 0.136 1.208 0.151 0.442 0.007 0.032 0.152
Diptera (L) *
Diptera (P) 0.064 0.263 0.103 0.050 0.035 0.077 0.958 0.072 0.003 0.106
Chironomidae 0.001 0.008 * 0.007 0.020 0.002 0.005 0.005 0.009
Muscidae 0.004 0.001
Simuliidae 0.078 * 0.013 0.046 0.002 0.177
Hymenoptera 1.498 1.443 3.169 11.193 17.022 14.201 21.930 5.730 1.545 4.284
Trichoptera
Trichoptera (A) 0.065 0.003 0.034 0.347 0.662 0.519 0.509 0.001
Trichoptera (L) * 0.000
Trichoptera (C) * * 0.001 0.005 0.001 * 0.008 0.001
Hydropsychidae 0.001 0.001 * 0.001 0.001 * 0.003 0.001
Leptoceridae *
Polycentropodidae * *
Insect parts 2.144 1.860 1.163 10415  4.293 3.007 38384  0.124 0.231 0.936
Araneae 0.001 0.001 0.002 0.017
Fish
Fish parts 0.006 0.001
Scales * 0.001 * 0.001

Dow: Downstream; Int: Intermediary; Bac: Backwater; Ups:
nymph; C: cocoon; P: pupa; *values below 0.001.

Figure 3. Costello diagram, as modified by Amundsen et al.
(1996), showing the relationships between the number of items
(i.e., prey richness, PI) and the frequency of occurrence (FO)
of items in the diet of Psalidodon aff. fasciatus from five sites
in Tibagi River, Parand, Brazil. (A) spring; (B) summer; (C)
autumn; (D) winter.
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Upstream; Tri: Tributary; Sp: spring; Su: summer; Au: autumn; Wi: winter; A: adult; L: Larvae; N:

This was much likely a result of the diversity of items that
the free-flowing river provided by the time of fish samplings,
in combination with seasonal variations. This spatial and
temporal heterogeneity contributes to widening the trophic
niche of resident species in several riverine ecosystems (Hahn
et al., 2004). The feeding patterns that we found here match the
observed by Silva et al. (2014) for the same species in Parana
River. Similar results were found by congeneric species such
as Astyanax lacustris (Liitken, 1875) (Silva et al., 2012) and
Astyanax abramis (Jenyns, 1842) (Leite et al., 2021), which
seems to be expected for all species belonging to the Characidae
family (Mise et al., 2013; Silveira et al., 2020).

The results pointing towards an herbivorous diet are based on
the predominance of algae and superior plants in the analyzed
stomachs of P. aff. fasciatus. This feeding pattern has been
reported elsewhere (Bennemann et al., 2005; Wolff et al., 2009;
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Figure 4. Costello diagram, as modified by Amundsen et al. (1996), showing the relationships between the number of items (i.e., prey
richness, PI) and the frequency of occurrence (FO) of items in the diet of Psalidodon aff. fasciatus from five sites in Tibagi River,
Parand, Brazil. (A) Downstream; (B) Dam; (C) Intermediary; (D) Backwater; (E) Upstream; (F) Tributary.

Fonseca et al,, Bol. Inst. Pesca 2022, 48: €728. https://doi.org/10.20950/1678-2305/bip.2022.48.e728 8/14


https://doi.org/10.20950/1678-2305/bip.2022.48.e728

Diet of Psalidodon aff. fasciatus (Cuvier, 1819) (Teleostei: Characidae) in a neotropical river before reservoir formation

+
o] - . L]
14 Gomphidas
-
i .Vorb‘.u:uhgag
P *
t L Seasons
N [} Winter
01 TR o i — Autumn
Lgpifiofiaifiatet - ; s Hprie
_‘Ft?ﬁ ol Gplronomid;—'é R
plgiRet g - m
Leg s g
) % HBmenoptels oy fora (8) | =
Q A | » i .
s | e DREBhe | y
o = HordBptarag o I ites
= P\ Coleopiem ’ * -
* oleopis g ) g
'F/Iusv:iclaepirla AN Tﬂ}sa“”@ﬁﬁ eroptems (M) ]:tm
Mesoveliidae -.rd_g_m * s e a
it Isoptera Herm Vi - s
Leptophlebiidae N Trichnp&'ﬁa ofa Ly . ’
J 5
Ephemeroptera (A) Ll
2 i a Bac
27 # Tri
* Bivalvia
=
#
-3 T ; : i
-2 0 2 4
NMDS1

Figure 5. Ordination resulting from the Non-metric Multidimensional Scaling (NMDS) applied to the stomach-by-stomach dissimilarity
matrix, built based on the Bray-Curtis index, of the diet of Psalidodon aff. fasciatus collected in five sites (Dow = Downstream; Dam = Dam;
Int = Intermediary; Bac = Backwater; Ups = Upstream and Tri = Tributary) from October 2017 to July 2019 in the Tibagi River, Parana, Brazil.

Table 2. Results of the pair-wise Permutational Multivariate Analysis of Variance (PERMANOVA) applied to Bray-Curtis dissimilarities
in the diet of Psalidodon aff. fasciatus collected in five sites in Tibagi River, Parana, Brazil, from October 2017 to July 2019.

L. Spring Summer Autumn Winter
Sampling site
Pseudo-F D Pseudo-F D Pseudo-F D Pseudo-F D

Ups x Bac 2.754 0.024 5.212 0.001 0.859 0.491 14.699 0.001
Ups x Int 4.850 0.001 9.314 0.001 0.401 0.865 10.167 0.001
Ups x Dam 2.792 0.015 3.919 0.007 7.117 0.001 27.991 0.001
Ups x Dow 1.187 0.298 6.735 0.001 14.644 0.001 3.148 0.007
Ups x Tri 2.523 0.042 2.470 0.038 2.733 0.026 14.791 0.001
Bac x Int 1.965 0.084 0.436 0.691 0.363 0.945 0.924 0.452
Bac x Dam 3.718 0.003 2.266 0.073 1.829 0.150 3.039 0.015
Bac x Dow 1.554 0.162 2.009 0.096 5.189 0.031 0.908 0.474
Bac x Tri 0.770 0.502 3.019 0.089 1.689 0.145 4.788 0.001
Int x Dam 4.218 0.002 1.794 0.131 2418 0.041 1.712 0.105
Int x Dow 2.600 0.038 1.466 0.202 4.548 0.041 0.560 0.860
Int x Tri 3.968 0.010 2.185 0.084 1.173 0.369 2.367 0.053
Dam x Dow 1.958 0.054 2.157 0.07 43.441 0.001 2.877 0.041
Dam x Tri 4.177 0.002 3.515 0.006 15.373 0.001 4.873 0.004
Dam x Tri 1.930 0.092 1.815 0.118 6.678 0.001 1.517 0.190

Dow: Downstream; Int: Intermediary; Tri: Tributary; Bac: Backwater; Ups: Upstream; Significant tests (at p = 0.05) are in bold.
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Silva et al., 2014), eventually combined with carnivorous
or omnivorous feeding, or increased consumption of insects
(Andrian et al., 2006; Silva et al., 2012; Silva et al., 2014). These
findings confirm the expected plasticity for Characidae species
(Abelha et al., 2001; Coswosck and Duboc, 2015).

The niche overlap in both spatial and temporal dimensions
showed a considerably consistent diet among sites and seasons.
Despite this similarity in terms of composition, we may point
out that the differences in the number of consumed items was
remarkable, with individuals consuming more items during
spring in all sampling sites. Previous evidence for many species
(Winemiller, 1990; Neves et al., 2021) shows that seasonal
variations are the main sources of variation in species’ diets
because of their direct influence on climatic conditions and
therefore resource availability, as well as it affects the spatial
distribution of individuals. These season-induced effects were
also reported by Wolff et al. (2009), with extended influences on
onthogenetic shifts in the diet of P. aff. fasciatus. Nevertheless,
in this study, we believe that this variation was offset by the
proximity of sampling sites (Zavala-Camin, 1996; Neves et al.,
2021) and the more homogeneous riverine condition before the
construction of the hydropower plant.

The increased consumption of superior plants, Hymenoptera,
and insect parts, as found for the individuals of P. aff. fasciatus

Table 4. Results of the Indicator Value (IndVal) analysis applied
to diet data of Psalidodon aff. fasciatus collected in five sites from
October 2017 to July 2019 in the Tibagi River, Parana, Brazil.

Item Site/Season Indicator
Value

Superior plants Dam.Au 0.059 0.031
Diptera Dam.Sp 0.127 0.019
Seeds Dow.Au 0.176 0.004
Chironomidae Ups. Wi 0.185 0.003
Diptera (A) Ups.Wi 0.401 0.000
Insect parts Ups.Sp 0.112 0.021
Chlorophyceae Ups.Sp 0.152 0.008
Isoptera Ups.Sp 0.226 0.004
Detritus Ups.Su 0.156 0.015
Bacillariophyceae Ups.Su 0.179 0.007
Cyanophyceae Ups.Su 0.438 0.000
Coleoptera (A) Bac.Su 0.121 0.020
Trichoptera (A) Tri.Au 0.123 0.027
Hymenoptera Tri.Sp 0.099 0.027

Dow: Downstream; Int: Intermediary; Tri: Tributary; Bac: Backwater; Ups:
Upstream; Sp: spring; Su: summer; Au: autumn; Wi: winter; Significant tests (at
p = 0.05) are in bold.

Table 3. Results of the pair-wise Permutational Multivariate Analysis of Variance (PERMANOVA) applied to Bray-Curtis dissimilarities
in the diet of Psalidodon aff. fasciatus collected in five sites in Tibagi River, Parana, Brazil, from October 2017 to July 2019.

Upstream Pseudo-F p Backwater Pseudo-F D

Ups.Sp x Ups.Au 18.835 0.001 Bac.Sp x Bac.Au 5.645 0.002
Ups.Sp x Ups.Su 6.648 0.001 Bac.Sp x Bac.Su 4.807 0.005
Ups.So x Ups. Wi 7.387 0.001 Bac.Sp x Bac. Wi 9.882 0.001
Ups.Au x Ups.Su 10.682 0.001 Bac.Au x Bac.Su 0.845 0.379
Ups.Au x Ups. Wi 15.866 0.001 Bac.Au x Bac.Wi 1.108 0.345
Ups.Su x Ups. Wi 10.023 0.001 Bac.Su x Bac. Wi 2.506 0.050
Intermediary Pseudo-F P Dam Pseudo-F D

Int.Sp x Int.Au 0.293 0.658 Dam.Sp x Dam.Au 63.295 0.001
Int.Sp x Int.Su 1.550 0.172 Dam.Sp x Dam.Su 8.397 0.001
Int.Sp x Int. Wi 0.700 0.618 Dam.Sp x Dam.Wi 36.662 0.001
Int.Au x Int.Su 0.990 0.443 Dam.Au x Dam.Su 7.253 0.002
Int.Au x Int.Wi 0.588 0.658 Dam.Au x Dam.Wi 4.156 0.002
Int.Su x Int.Wi 0.780 0.522 Dam.Su x Dam.Wi 3.992 0.010
Downstream Pseudo-F D Tributary Pseudo-F D

Dow.Sp x Dow.Au 5.360 0.005 Tri.Sp x Tri.Au 8.464 0.001
Dow.Sp x Dow.Su 10.778 0.001 Tri.Sp x Tri.Su 4.951 0.005
Dow.Sp x Dow.Wi 1.836 0.121 Tri.Sp x Tri. Wi 15.438 0.001
Dow.Au x Dow.Su 10.835 0.002 Tri.Au x Tri.Su 1.370 0.262
Dow.Au x Dow.Wi 1.359 0.338 Tri.Au x Tri. Wi 3.352 0.021
Dow.Su x Dow. Wi 0.935 0.393 Tri.Su x Tri. Wi 0.712 0.530

Sp: spring; Su: summer; Au: autumn; Wi: winter; Significant tests (at p = 0.05) are in bold.
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analyzed here, is common for fish that belongs to the genus
Astyanax (Coswosck and Duboc, 2015; Leite and Silva, 2018;
Neves et al., 2021). These items figured as the most ingested by
individuals from all sampling sites and across all seasons. As also
argued above, these findings are likely associated with the presence
of riverine characteristics and the presence of relatively preserved
riparian vegetation (Leite and Silva, 2018). Some studies underline
the importance of preserving vegetation across river courses as
they serve as sources of food and shelter for species, connecting
the river body with its surroundings and increasing ecosystem
complexity (Silva et al., 2014; Leite et al., 2015; Leite and Silva,
2018). Associated with vegetation, these riparian complexes
provide habitat for terrestrial insects, seeds, fruits, and superior
plants that represents an important fraction of the allochthonous
material that are integrated into the river food web (Leite et al.,
2015; Pini et al., 2019). In the paper by Rautenberg et al. (2021),
the diet composition of Psalidodon paranae (Eigenmann, 1914)
differed across seasons and evidenced the importance of riparian
vegetation. Thus, we provide additional evidence that there is a
complex overlap of diet composition in both spatial and temporal
terms for the feeding ecology of Characidae species.

We also found that more than 30% of items (15 out of 44 items)
presented significant participation in differentiating the diet of P.
aff. fasciatus. Considering the spatial axis, the most upstream site
was that with the highest number of indicative items, showing
a more particular diet for individuals, but still with seasonal
influences. The remaining items were clearly representative of
their spatial context, depending on the considered site and the
environmental conditions. According to Podani and Csanyi
(2010), the indicator values were robust to demonstrate the
importance of each feeding item for the trophic ecology of
this species and the associated spatial and seasonal variations
in Tibagi River, besides detecting changes in the availability of
resources (Antonelli et al., 2016).

CONCLUSION

This study has described important characteristics of the
diet of Psalidodon aff. fasciatus in Tibagi River, before the
construction of Tibagi Montante hydropower plant. This species
was characterized as specialist, although with strong preferences
for vegetative parts of superior plants, especially during autumn,
winter, and summer. There was a weaker but considerable trend for
opportunistic behavior in spring, when individuals ingested insects
more frequently. These results are indicative of how environmental
characteristics affect the diet composition of fish species through
resource availability and that impoundments are expected to cause
significant trophic consequences for resident species.
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In the manuscript “Diet of Psalidodon aff. fasciatus (Cuvier, 1819) (Teleostei: Characidae) in a neotropical river before reservoir
formation” DOI: https://doi.org/10.20950/1678-2305/bip.2022.48.e728, published in Fonseca et al., Bol. Inst. Pesca 2022, 48: €728,
on pages 5 and 7:

Page 5, figure 2

Where it reads:
Figure 2. Accumulation curve of the number of diet items that occurred as the number of analyzed stomachs increased for 536
individuals of Psalidodon aff. fasciatus from Tibagi River, Parana, Brazil, collected from October 2017 to July 2019.

It should read:

Figure 2. Costello diagram, as modified by Amundsen et al. (1996), showing the relationships between the number of items (i.e.,
prey richness, PI) and the frequency of occurrence (FO) of items in the diet of Psalidodon aff. fasciatus from five sites in Tibagi River,
Parana, Brazil. (A) spring; (B) summer; (C) autumn; (D) winter.

Page 7, figure 3

Where it reads:

Figure 3. Costello diagram, as modified by Amundsen et al. (1996), showing the relationships between the number of items (i.e.,
prey richness, PI) and the frequency of occurrence (FO) of items in the diet of Psalidodon aff. fasciatus from five sites in Tibagi River,
Parana, Brazil. (A) spring; (B) summer; (C) autumn; (D) winter.

It should read:

Figure 3. Accumulation curve of the number of diet items that occurred as the number of analyzed stomachs increased for 536
individuals of Psalidodon aff. fasciatus from Tibagi River, Parana, Brazil, collected from October 2017 to July 2019.
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