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Abstract: Blackwater streams are unique environments characterized by dark, acidic, and nutrient-poor waters,
supporting highly specialized aquatic communities. This study presents an inventory of the ichthyofauna of such
systems in the northern region of Santa Catarina state, based on surveys conducted between 2020 and 2024. A
total of 22 sites were sampled, including perennial rivers, intermittent streams, and temporary pools, located
both within and outside protected areas. In total, 30 fish species were recorded, representing 13 families and five
orders. The order Characiformes showed the highest richness and was represented mainly by small-characins of
the family Acestrorhamphidae. Nine species were identified as endemic to blackwater environments of the Atlantic
Forest, five of which officially listed as threatened. The guppy Poecilia reticulata was recorded for the first time
in blackwater environments of the region, as well as Brachyhypopomus cf. draco, representing the first record of
Hypopomidae (knifefish) in the region. DNA barcoding (using COI) provided molecular information, in addition
to the morphological identification of 12 species, providing new local sequences for them. Results indicated a
high similarity between the ichthyofauna of this region and that of blackwater streams in the southern coast of Sao
Paulo. Endemic and threatened species were recorded both inside and outside legally protected areas, highlighting
gaps in current conservation efforts. Furthermore, intermittent streams and temporary pools proved to be critical
habitats for maintaining species with extremely restricted distributions. The continued degradation of riparian
vegetation, combined with climate change, poses an additional threat to the persistence of these communities.
These findings underscore the urgent need to expand conservation actions targeting blackwater ecosystems along
the southern Brazilian coastal plain.

Keywords: Coastal ecosystems;, DNA barcoding; Endangered taxa,; Endemism; Habitat fragmentation; Protected
areas.

Assembleias de peixes e endemismo em ambientes aquaticos de Aguas Negras
da Planicie Costeira no norte de Santa Catarina, sul do Brasil

Resumo: Riachos de aguas negras sdo ambientes singulares, caracterizados por aguas escuras, acidas e com baixa
produtividade primaria, que abrigam comunidades aquaticas altamente especializadas. Este estudo apresenta
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um inventario da ictiofauna desses sistemas na por¢ao norte do estado de Santa Catarina, com base em coletas
realizadas entre 2020 ¢ 2024. Foram amostrados 22 locais, incluindo rios permanentes, rios intermitentes e pogas
temporarias, distribuidos dentro e fora de Unidades de Conservagdo. Ao todo, foram registradas 30 espécies de
peixes, pertencentes a 13 familias e cinco ordens. A ordem Characiformes apresentou a maior riqueza, com destaque
para os pequenos caracideos da familia Acestrorhamphidae. Nove espécies sdo endémicas de ambientes de 4guas
negras, sendo cinco delas oficialmente classificadas como ameagadas de extingdo. O lebiste Poecilia reticulata
foi registrado pela primeira vez em ambientes de dguas negras da regido, bem como Brachyhypopomus cft. draco,
representando o primeiro registro de Hypopomidae (tuviras) na regido. O DNA Barcode (COI) foi utilizado
para fornecer informag¢des moleculares para a identificagdo morfoldgica de 12 espécies, gerando novas sequéncias
para o estado de Santa Catarina. Os resultados mostraram uma alta similaridade entre a ictiofauna da regido e
aquela registrada em riachos do litoral sul de Sao Paulo. Espécies endémicas e ameacadas foram registradas tanto
dentro quanto fora de areas legalmente protegidas, revelando lacunas nos esfor¢os de conservagdo. Além disso,
os riachos intermitentes e pogas temporarias mostraram-se habitats criticos para a manutengdo de espécies de
distribuicdo extremamente restrita. A continua degradag@o da vegetagao riparia, somada as mudancas climaticas,
representa uma ameaga adicional a manutengdo dessas comunidades. Os resultados refor¢am a importancia de
expandir as a¢des de conservagao voltadas para os ambientes de 4guas negras da planicie costeira do sul do Brasil.
Palavras-chave: DNA barcoding; Ecossistemas costeiros;, Endemismo,; Fragmenta¢do do habitat;, Taxons

ameagados, Unidades de conservagdo.

Introduction

The Atlantic Forest biome is recognized as one of the world’s
major biodiversity hotspots, primarily due to its high rate of endemism
(Myers et al. 2000, Rezende et al. 2018). Historically ranging from
1.3 to 1.5 million km? along Brazil’s Atlantic coast, this biome
has been dramatically reduced over the past 500 years due to
anthropogenic disturbances. It is currently estimated that roughly 12%
of the Atlantic Forest’s original vegetation cover still remains (Ribeiro
etal. 2011, Scarano & Ceotto 2015).

In the state of Santa Catarina, this biome is predominant and
exhibits its full heterogeneity through formations such as Dense and
Mixed Ombrophilous Forests, as well as marginal habitats including
grasslands, mangroves, and restinga ecosystems (Scarano 2009, Neves
etal. 2018). Restinga ecosystems are characterized as pioneer vegetation
associated with Dense Ombrophilous Forests, comprising herbaceous,
shrubby, and arboreal strata. They occur discontinuously along Brazil’s
Atlantic coast on Quaternary-origin sandy soils shaped by fluvio-marine
dynamics (Holzer et al. 2004, Tietz et al. 2023). Restinga vegetation
originally spanned around 173,000 hectares in the state of Santa Catarina
(1.82% of its total area), but currently, only 45.9% of this coverage has
been preserved (Nicoletti et al. 2024). This decline is mainly attributed
to anthropogenic pressures such as land speculation, urban sprawl,
farming, cattle ranching, and afforestation with exotic species, which
have intensified the fragmentation and ecological degradation of restinga
habitats (Barcelos et al. 2012, Fabricante et al. 2021, Santos et al. 2023).

Among the various environments occurring within restinga
ecosystems, blackwater streams represent particularly distinctive aquatic
systems, notable for their unique physical and chemical. properties and
ecological significance. These ecosystems are characterized by dark,
acidic waters with high concentrations of dissolved organic matter,
especially humic and fulvic acids derived from the decomposition of
riparian vegetation (Menezes et al. 2007). The sandy, nutrient-poor soils
promote the development of highly specialized aquatic communities
adapted to low-light and oligotrophic conditions (Por & Lopes 1994,
Ferreira et al. 2014).
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Although species richness is low, the ichthyofauna inhabiting these
systems shows a remarkable level of endemism (Abilhoa et al. 2011).
The fish fauna is dominated by small-bodied species, characterized
by elevated rates of speciation and, in many cases, extremely limited
distributions restricted to specific streams (Castro & Polaz 2020). These
species are especially susceptible to habitat fragmentation and riparian
vegetation loss, given their strong dependence on these habitats for
foraging, breeding, and refuge (Esteves & Lobon-Cervia 2001, Lorion
& Kennedy 2009, Gongalves et al. 2018).

Despite their ecological importance, blackwater environments on
the coastal plain of Santa Catarina remain poorly studied in terms of
freshwater ichthyofauna (Bertaco 2009, Abrahio et al. 2015, Ticiani
et al. 2022). In this context, molecular tools such as DNA barcoding
have emerged as valuable allies in species identification, especially in
underexplored or taxonomically challenging regions. The COI gene,
proposed by Hebert et al. (2003) as a universal barcode, has been widely
used in fish taxonomy and shown high accuracy in identifying freshwater
species (Pereira et al. 2013, Henriques et al. 2015). This knowledge gap
is particularly concerning given the increasing degradation of these
environments and the high degree of specialization of their aquatic
communities.

In light of this scenario, the present study provides an inventory
of the ichthyofauna from blackwater streamsin the northern region of
Santa Catarina, contributing to the knowledge of species distribution.
In addition, DNA barcoding was used to confirm the taxonomic
identification of several species, particularly endemic ones, and
cytochrome ¢ oxidase subunit I (COI) gene sequences were made
available to support future research on the genetic diversity and
systematics of Atlantic Forest ichthyofauna.

Material and Methods
1. Study area

The study area encompasses blackwater streams located in the
northern region of the state of Santa Catarina, between the municipalities
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of Itapoa and Barra Velha. This region harbors the largest remaining
restinga fragment in the state (Nicoletti et al. 2024). Geographically,
the area is located between latitudes 26°37°56” S and 27°05°25” S, and
longitudes 48°36°41” W and 48°41°05” W (Figure 1). The local climate
is classified as humid subtropical (Cfa, according to the Koppen-Geiger
classification), characterized by an annual mean temperature ranging
from 18°C to 25°C and well-distributed precipitation throughout the
year. Summer is the warmest and wettest season, whereas winter is
milder and presents a decrease in rainfall (Koehntopp et al. 2021).
In this study, four Conservation Units with restinga ecosystems were
identified as potential sites for the occurrence of blackwater fish species.
These are: Acarai State Park in the municipality of Sdo Francisco do
Sul, Volta Velha Private Natural Heritage Reserve in the municipality of
Itapod, Caminho do Peabiru Municipal Nature Park in the municipality
of Barra Velha, and Caieira Municipal Nature Park in the municipality
of Joinville.

The water bodies in the study region consist primarily of small,
semi-isolated drainages that flow directly into the sea or into major
regional rivers, such as the Acarai, Itapocu, and Sai Mirim rivers.
During rainy periods, these water bodies commonly overflow their
main channels, often becoming interconnected and allowing for the
movement of previously isolated aquatic fauna. These rainy periods
are essential for the formation of temporary pools, which accumulate
water at the onset of rainfall and frequently dry out completely
during drier periods. These water bodies have a substrate composed
of fine white sand, with organic matter frequently accumulating
in low-flow areas, which were predominant among the sampled
sections. Such pools represent unique habitats that host endemic
species found exclusively in the northern region state of Santa
Catarina (Costa 2009).
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2. Taxon sampling

Fish collections were carried out during multiple periods between
2020 and 2024. A total of 22 sites were sampled, encompassing
both perennial and intermittent streams, as well as temporary pools
(Figure 2 and Table S1). Different sampling methods were employed,
including dip nets, electrofishing, gill nets, and seine nets, selected
according to the specific objectives of each study and the physical
characteristics of the sampled water bodies. All sampling activities
were conducted under the appropriate authorizations issued by the
relevant regulatory agencies, under the following permits: SISBIO n°
74993, SISBIO n° 74674, SISBIO n° 57099-8, IMA/00032215/2024,
FUNDEMA Barra Velha n® 304/2025.

3. DNA extraction, amplification and sequencing

Twelve freshwater fish specimens, previously identified based on
morphological characteristics, were selected for genetic identification
confirmation. The COI gene (Cytochrome Oxidase I) was chosen
as the genetic marker due to its widespread use in molecular species
identification studies (Dawnay et al. 2007, Hubert et al. 2008,
Persis et al. 2009, Kochzius et al. 2010, Kim et al. 2011, Leray et al.
2013, Xing et al. 2018, Liu et al. 2020). For genomic DNA extraction,
25 mg of muscle tissue was collected from each specimen. The
procedure was performed using the DNeasy Blood and Tissue Kit
(Qiagen), following the manufacturer’s instructions. After extraction,
DNA quantification and quality assessment were performed by
spectrophotometry using a Tecan Infinite M200 Pro device.

Amplification of the COI gene was performed using the Polymerase
Chain Reaction (PCR) technique. The reaction was prepared in a
final volume of 20 pL, containing the following components: 4 pL of
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Figure 1. Map of the study area. Red dots indicate the sampling sites. Numbers correspond to the sampling localities listed in Table S1.Polygons represent the
Conservation Units in the region, and green areas correspond to restinga remnants in northern Santa Catarina, according to Nicoletti et al. (2024). Yellow polygon:
Volta Velha Private Natural Heritage Reserve; dark green: Acarai State Park; black: Caieira Municipal Nature Park; blue: Caminho do Peabiru Municipal Nature Park.
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Figure 2. Examples of sampling sites visited during fieldwork activities. (A) Sai Mirim River, Itapoa. (B) Tributary of the Sai Mirim River. (C) Temporary pool on
the margins of the Sai Mirim River during the rainy season. (D) Temporary pool on the margins of the Sai Mirim River during the dry season. (E) Acarai River, Sdo
Francisco do Sul. (F) Tributary of the Acarai River. (G) Temporary pool on the margins of the Acarai River. (H) Pernambuco River, Barra do Sul. (I) Tributary of
the Pernambuco River. (J) Perequé River, Barra do Sul. (K) Tributary of the Perequé River. (L) Temporary pool on the margins of the Perequé River. (M) Tributary
of the Itapocu River, Araquari. (N) Temporary pool on the margins of a tributary of the Itapocu River. (O) Cardoso Stream, tributary of the Itapocu River, Araquari.

(P) Tributary of the Cardoso Stream.

genomic DNA, 1x buffer from Platinum™ SuperFi Il DNA Polymerase
(Thermo Fisher), 0.2 mM dNTPs (Promega), 0.5 mM forward primer
(5’-ACTTCYGGGTGRCCRAARAATCA-3’) and 0.5 mM reverse
primer (5’-TCAACYAATCAYAAAGATATYGGCAC-3’), 2 mM
magnesium chloride, and 0.25 U of Platinum™ SuperFi II DNA
Polymerase. The primers included five additional bases used as
barcodes for sequencing. The final volume was adjusted with sterile
ultrapure water. The PCR thermal cycling program consisted of the
following steps: an initial denaturation at 94°C for two minutes,
followed by 35 cycles of denaturation at 94°C for twenty seconds,
annealing at 54°C for 35 seconds, and extension at 72°C for 35
seconds. The protocol was finalized with a final extension at 72°C for
two minutes and 40 minutes.

To confirm amplification, PCR products were subjected to
electrophoresis on a 1% agarose gel in 1x TAE buffer. Once PCR
amplification was confirmed, a sequencing library was constructed. For
this, the sequencing library construction kit (Ligation Sequencing Kit
SQK-LSK114, Oxford Nanopore, UK) was used and the Companion
Module for Oxford Nanopore Technologies Ligation Sequencing
(NEBNextr) protocol was followed. This step consists of repairing the
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edges of amplified sequences and ligation of adapters. The library was
then inserted into a Flongle Flow Cell (FLO-FLG114, Oxford Nanopore
Technologies, UK) and then sequenced using MinlON device (Oxford
Nanopore Technologies, UK) and managed by MinKNOW v. 24.06.08
software (Oxford Nanopore Technologies, UK).

The sequencing data generated by the flow cell was processed within
the MinKNOW software using the Super Accurate Basecalling mode.
Only sequences with a minimum quality score of eight were accepted for
further analyses. Once basecalling was completed, the data underwent
a customized pipeline, clustering similar sequences together and then
extracting its consensus, which was then used as the main sequence.

4. Identification and construction of the phylogenetic tree

To initially identify sequences, a BLAST search was performed
against the core_nt database. This is the first record for some previously
undocumented sequences; for those, prior morphometric identification
was used. For phylogenetic tree construction, a dataset was assembled
with COI sequences of Teleostei species phylogenetically closest to
the analyzed taxa, including representatives from different orders and
incorporating our sequences, with all reference sequences retrieved
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from NCBI and BOLD Systems V4 (Table S2). After this screening,
the sequences were uploaded into Phylosuite v1.2.3 software (Zhang
et al. 2020). First, sequences were aligned using MAFFT v7.505
(Katoh et al. 2013), followed by trimming to ensure uniform length.
Next, ModelFinder v2.2.0 (Kalyaanamoorthy et al. 2017) was used
to determine the best evolutionary model based on the Bayesian
Information Criterion. Finally, the Maximum-likelihood (ML) tree was
constructed with IQ-TREE v2.2.0 (Nguyen et al. 2015) and then edited
in iTOL v7 platform (https://itol.embl.de/).

Results and Discussion

1. Species richness and diversity

This study represents the first effort focused exclusively on the
ichthyofauna of blackwater streams in the northern region of Santa
Catarina. A total of 30 fish species were recorded, representing thirteen
families and five orders (Figure 3, Figure 4, Figure 5). One species
was identified as non-native, and nine were classified as endemic to
blackwater environments, five of which are officially listed as threatened
(Table 1). Notably, we recorded the presence of Brachyhypopomus cf.
draco Giora, Malabarba & Crampton 2008, representing the first record
of the family Hypopomidae in this region. According to Giora et al.
(2008) and Crampton et al. (2016), this species is widely distributed
through lower portions of the Paraguay, Paran4, and Uruguay drainages
as far north as 25°S, the Patos-Mirim lagoon system and coastal
drainages of Brazil north of Lagoa dos Patos, where it typically inhabits
lentic environments such as floodplain lakes, oxbow channels, and
slow-moving waters. The study also provided unprecedented local
molecular sequences for eight species. The occurrence of endemic and
threatened species in areas lacking legal protection highlights critical
gaps in current conservation strategies aimed at safeguarding these
vulnerable freshwater communities.

The Characiformes was the most representative, with fourteen
species. Within this order, Acestrorhamphidae stood out, accounting for
nine species (Table 1). Most of the recorded fish were small-sized, with
body lengths under 15 cm, a common trait in small-scale, shallow lotic
environments (Castro 1999, Castro & Polaz 2019). Exceptions included
a few larger species, such as Geophagus iporangensis Haseman 1911,
Gymnotus pantherinus (Steindachner 1908), Hoplias malabaricus
(Bloch 1794), Oligosarcus hepsetus (Cuvier 1829) and Rhamdia quelen
(Quoy & Gaimard 1824). This pattern of Characiformes dominance
is consistent with what has been observed for the ichthyofauna of the
Neotropical region, where Characiformes and Siluriformes generally
exhibit the highest species richness, with notable representation from
the Acestrorhamphidae and Loricariidae (Malabarba & Malabarba
2019, Albert et al. 2020). However, in this study, Loricariidae showed
low representativity, with only one species recorded (Pseudotothyris
ignota Martins, Britski & Langeani 2014). This low richness may be
explained by the characteristics of the sampled environments, which
offer limited availability of algae and detritus, the primary food sources
for these detritivorous and algivorous fishes, as is the case for most
representatives of the Loricariidae members (Abilhoa et al. 2016,
Manna et al. 2020).

In contrast, representatives of the Acestrorhamphidae exhibit
greater ecological flexibility. These species have more diverse
diets, including piscivorous, insectivorous, and omnivorous feeding
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habits (Nunes & Hartz 2006, Pires et al. 2024). In the study region,
insectivorous species were predominant, and their diet is primarily
based on allochthonous insects that fall into the water surface from the
surrounding riparian vegetation (Abilhoa et al. 2007, 2009, Gongalves
et al. 2018). This reinforces the essential ecological role of riparian
vegetation in supporting the aquatic communities of small water
bodies, where primary production is typically low. In addition to
their dietary dependence on riparian vegetation, these species also
exhibit specialized reproductive strategies, which are likewise
shaped by the environmental conditions of these habitats. Species
from the Acestrorhamphidae and Stevardiidae found in the study area
share an important reproductive adaptation: internal insemination.
This strategy provides greater flexibility under variable environmental
conditions in blackwater streams, as it allows females to retain
sperm until the environment becomes suitable for fertilization
(Azevedo 2010, Quagio-Grassiotto et al. 2012, Moraes et al. 2021,
Costa et al. 2024).

The ichthyofaunal composition recorded in this study shows a
strong similarity to that described for blackwater streams along the
coast of Sdo Paulo, where the same genera and species tend to dominate
(Gongalves & Braga 2012, 2013, Ferreira et al. 2014, Costa et al.
2025). This similarity suggests historical biogeographic connections
between these areas. Several studies indicate that the high levels of
endemism and diversification of the ichthyofauna in the Brazilian
coastal plain are closely associated with climatic and marine cycles
that occurred during the Quaternary period (Camelier et al. 2018,
Angrizani & Malabarba, 2020, Baroni et al. 2021, Souto-Santos et al.
2022). The sea level regressions and transgressions that occurred
during this period may have alternately connected and isolated fish
populations along the coast (Thomaz & Knowles 2018). During marine
regressions, extensive areas of the coastal plain emerged, allowing
dispersal through paleodrainages. In contrast, marine transgressions
led to sea-level rise, creating vicariant barriers that fragmented aquatic
systems (Miller et al. 2011, Dias et al. 2014). The most recent of these
connections occurred between 26 and 19 thousand years ago, during
the Last Glacial Maximum, when sea levels dropped approximately
125 meters below the present level. This event enabled temporary
connections between several currently isolated river basins, expanding
the ancestral distribution of various freshwater fish species from the
coastal plain (Thomaz et al. 2015).

Among the most widely distributed species in the study area are
Atlantirivulus luelingi (Seegers 1984), Hyphessobrycon reticulatus
Ellis 1911, Mimagoniates lateralis (Nichols 1913), Rachoviscus
crassiceps Myers 1926, and Scleromystax macropterus (Regan 1913).
These species exhibit typical adaptations to blackwater environments,
including tolerance to low flow velocity, high electrical conductivity,
low turbidity, acidic conditions, and seasonal variations in water level
(Gongalves & Braga 2012, Ferreira et al. 2014). It is worth noting
that among these species, only A. /uelingi has an extremely restricted
distribution, occurring exclusively in lowland streams in the northern
region of Santa Catarina (Costa 2014). The other species have a
broader distribution, ranging from the southern part of Sdo Paulo state
to northern Santa Catarina (Abilhoa et al. 2011), which reinforces their
importance as indicator species of coastal Atlantic Forest blackwater
ecosystems.
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Figure 3. Representative species of the order Characiformes recorded in the blackwater streams of northern Santa Catarina, Brazil. (A) Astyanax lacustris.
(B) Deuterodon ribeirae. (C) Hollandichthys multifasciatus. (D) Hyphessobrycon igneus. (E) Hyphessobrycon griemi. (F) Hyphessobrycon reticulatus.
(G) Oligosarcus hepsetus; (H) Psalidodon laticeps. (1) Rachoviscus crassiceps. (J) Characidium lanei. (K) Hoplias malabaricus. (L) Spintherobolus ankoseion.
(M) Mimagoniates lateralis. (N) Mimagoniates microlepis. The white scale bar below each photograph corresponds to 1 cm.
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Figure 4. Representative species of the order Cichliformes and Cyprinodontiformes recorded in the blackwater streams of northern Santa Catarina, Brazil.
(A) Geophagus iporangensis. (B) Saxatilia lepidota. (C) Phalloceros cf. circummontanus (male). (D) Phalloceros cf. circummontanus (female). (E) Phalloceros
spiloura (male). (F) Phalloceros spiloura (female). (G) Poecilia reticulata (male). (H) Poecilia reticulata (female). (I) Atlantirivulus haraldsiolii (male).
(J) Atlantirivulus haraldsiolii (female). (K) Atlantirivulus luelingi (male). (L) Atlantirivulus luelingi (female). (M) Campellolebias chrysolineatus (male);
(N) Campellolebias chrysolineatus (female). The white scale bar below each photograph corresponds to 1 cm.
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Figure 5. Representative species of the order Gymnotiformes and Siluriformes recorded in the blackwater streams of northern Santa Catarina, Brazil.
(A) Brachyhypopomus cf. draco. (B) Gymnotus pantherinus. (C) Hoplosternum littorale. (D) Scleromystax barbatus. (E) Scleromystax macropterus. (F) Acentronichthys
leptos. (G) Pimelodella pappenheimi. (H) Rhamdia quelen. (1) Pseudotothyris ignota. The white scale bar below each photograph corresponds to 1 cm.

2. DNA barcoding

All sequences had more than 200 reads, meaning that each base
was read that many times, which indicates high reliability (Li et al.
2018). However, due to a lack of sequences from closely related species
or even conspecific specimens in the NCBI and BOLD databases,
not all samples could be molecularly identified. This was the case
for Atlantirivulus haraldsiolii (Berkenkamp 1984), P. ignota, and
Campellolebias chrysolineatus Costa, Lacerda & Brasil 1989, which
were instead identified morphologically. Despite the high ecological
relevance of these fish, the lack of previously available existent data was
a limiting factor. Thus, we emphasize the importance of morphometric
analyses conducted by experienced professionals, as they can help
resolve potential issues in molecular identification.

We provided the first COI sequence for C. chrysolineatus and P.
ignota, in addition to first registered sequences in the state of Santa
Catarina for G. pantherinus, Acentronichthys leptos Eigenmann &

http://www.scielo.br/bn

Eigenmann 1889, A. haraldsiolii and H. reticulatus. By doing so, we
have expanded the available data on these fish and contributed to future
phylogenetic works and molecular identification.

The observed topologies largely corroborate groupings previously
reported in the literature (Roxo et al. 2014, Loureiro et al. 2018,
Baroni et al. 2021, Dias et al. 2024, Melo et al. 2024) (Figure 6).
However, the Spintherobolus ankoseion Weitzman & Malabarba 1999
sequence obtained in this study was positioned closer to Spintherobolus
leptoura Weitzman & Malabarba 1999, a result that contrasts with
the source sequences used from NCBI and BOLD, which derived
from geographically proximal individuals (Table S2). Since our
phylogeny included only one sequence for S. ankoseion, no definitive
conclusions can be drawn regarding intrageneric relationships within
Spintherobolus. Interestingly, Mattox et al. (2023) also found these two
species to be closely related, suggesting a potential pattern that warrants
further investigation.

https://doi.org/10.1590/1676-0611-BN-2025-1834



Fish in blackwater streams, southern BR

ronunuod

01 ICICIIONHIN X X X X X 1161 Uewdsey sisua3un..odl sndvydoar)
9BPIYOL)
SOULIOFIYDID
o1 YOTECTIONHIN X X X (LL81 Jouyoepuro)s) s1dajo.orut sapp1uoSvuijy
LITETIDNHIA
TOTETIONHIN
960€ T IONHIN
NA  NA IN €30CTIDNHIA X X X X X X X X X X X X X X X X X «(E16T SIOUOIN) SI».1210] S2}DIUOSVUII
QBPIIPILADIS
601 €TIONHIN %6661 eqIeqerej
40 NA nA Y80 TIONHIN X X X X X 29 UBWIZ)IOA UOIISOYUD Snj0qoayjulds
oeprjoqorayurdg
1 COTETIDONHIN X X X X (y6L1 yoorq) snorwgopur sp1jdogy
oepruLIyAIg
901 €TIONHIN
1 Y60€TIONHIN X X X L96] SOSSBARL] 10UD] WNIPIIDADY)
aepryonuaI))
PITEIIONHIN
SOTETIONHIN
40 NA NA 860CTIONHIN X X X X X X X X X X X X X X X X x9T61 SIOKIN SdaDISSDLD SNOSIA0YIDY
J1 0CIEIIONHIN X (p681 2doD) sdaoivy uopopyvsy
J1 61TETIDONHIN X (6281 101AND) snpasday snainsosij)
CITEIIDNHIA
1 I60€TIONHIN X X X X X X X X X X X X #1161 SUIH snvnona. uod4iqossoyddayy
OTTETIONHIN
1 LSOETIDONHIN X X X X X %LS6] UBWIOPAOH 1ud1L3 u0oA1qossaydAry
0861 Enorase) 29 zodo ‘TUUsN
1 980€ TIDONHIN X ‘euare[anbrpy snous1 uoodiqossayddApy
(0061 stoN 7%
NA o1 00T CTIONHIN X X X X X X uuewuddiy) smv1asnfinu SAypyd1puv]jofy
ITTETIDONHIA
060€ TIDNHIN X X X (1161 uuewuaSiy) an.412q1L UOPOINI(]
1 STTETIDNHIN X (GL81 uoxINTY) SLipsnov] XvunASy
oeprydwey10nsa0y
SOULIOJIOBIRY))
JS dd NOAI R CLUVIN ¢ 1T 0T 61 81 LI 91 ST ¥vI €1 ¢ II Of 6 8 L 9 S ¥ € T 1
smye)s sag Surdweg vXeJ,

*1S 9[qeL, ur papraoid axe says Surjduwes

http://www.scielo.br/bn

Biota Neotrop., 26(3): €20251834, 2026

oY) Jnoqe s[reldp [euonIppy °.X,, £q parearpur st s Surjduwes yoes je 20uasald (DS — 1Z0T/8F1 oU VIAIL 20UBUIPIQ BULIEIE) BIUES) dleIS PUB ‘(Y — TTOT/3Y 1 oU VIANIN 9UBUIPIQ) UEI[IZEIE) [EUOHEU
“($20T ST PRI NDNI) [890[S :S[oAd] a1t} Je Pojuasald SI snjejs UOIEAIOSUO)) 'UOISAI AU} 0} QAIBU-UOU PIIOPISUOD SI L UM PasiIew sa10ads o], SJUSWUOIAUD IOJeMyor[q O) OIOPUD Ik , [JIM PoSIew
soroodg “[Izerg wIoyNoOs ‘eurele)) ejues jo ure[d [eJSL0d UIGYIIOU AU} JO SWEANS JAIEMNIB[Q UI $Z07 PUE 0ZOT UeoMmIaq pajonpuod yrompjey Suump oys Surdures Aq popiooar saroads ysy jo s | d[qeL

https://doi.org/10.1590/1676-0611-BN-2025-1834



Biota Neotrop., 26(3): €20251834, 2026

10

Dalcin R.H. et al.

STISTIDNHIN «P10¢ Tuedsue|

880CTIONHIN X X X X X 2 DISIIG ‘SUIMRIN DIous! SLIAy10j0pnasyg

depILIBOLIO]

o1 LOTETIDONHIN X X (yT81 prewten 2 KonQ)) uajanb vipuniyy

1 PCIETIONHIN X X ST61 1V tutayuaddpd vjjapojauig

#6881 UURWUASTY

o1 L60ETIDONHIN X X X X X X X X 29 UUBWIUASIY $01da] SAyyd1110411122

sepudydeydoy

dD NA NA COTETIONHIN X X X X X X X X X (€161 ueday) sn.iopdo.conut xvjsdui0.12]2g

(rz81

o1 680CTITONHIN X X X prewen) 2 AonQ)) smwq.nqg XvisAuo.2]o§

1 ECIETIDNHIN X (8781 Jo0ouRH) 970.L0331] WiNULISOJAOL]

aepIAyIYOI[[E)

SOULIOJLIN[IS

660€TIONHIN (8061

o1 S60EITONHIN X X X X X X X JUYOBpUIR)S) snuLpyjund snjouus)

JeprjouwAn

8007 uoydwer) 2 eqieqeej\

6610€ SDYAN X RIOID) 0oD.p “JO snuwododdydyov.g

aeprwodod Ay

SOULIOJJOUWAD)

0861 [ISeld 7 BpIode]

40 ¥O kil0) CIIEIIONHN X X X X X X X @IS0 snpnauijosdiyd snigajojjadun))

NnA 01 €60ETIDNHIN X X X X X X X X X X (Y861 $10399Q) 13uijon] snpnaLUv)y

(861

NA 1 9ITETIONHIN X dwreyuodI0g) 17018pIv.ADY SNINALIIUD]IY

IBpINATY

SITCIIONHIA X L6S81 s1010d pipnonad vij10204

1 S8OEIIONHIN X X X 800 epuION n.41nojids s04220]10YJ

80TETIDONHIN Gz0g dnyong 29 101y ‘BIDN ‘sojues

o1 CO0CTIDONHIN X X X X X X X -0IN0S SNUDJUOWUNIALD “JO SOL2I0]IDY ]

SBPI[I320d

souiojnuopouridA)

CTISIIONHIN X (081 19091 propida) pyyvXDS

JS dd NOAI EAL CLLVAN @ 1T 0T 61 8L LI 91 St vI €1 ¢ II O 6 8 L 9 S v € ¢

snye)s saIS surjduwreg BxeJ,

uorenuURUOd ™

https://doi.org/10.1590/1676-0611-BN-2025-1834

http://www.scielo.br/bn



Biota Neotrop., 26(3): €20251834, 2026

Fish in blackwater streams, southern BR

11

Lepisostous osseus ORDBLT0L 1

Lepisosteus osseus KX145372 1

- Lepisosteus osseus MT4558680 1
Lepisosteus plafyrhincus HQ937023 1

o PLepisosteus planrhincus HQB37022 1

Tree scale: 0.1 ———i

Order

] siluriformes

Il characiformes

1] cyprinodontiformes
| Gymnatiformes

Spectrolebias semiocellatus MF441496 1
| Cynopoectius multfpapiiatus KT823653 1
! - Campeilolebias chrysolineatus LGM 604
100 Campeliclebias brucei KTS90065 1
a1 Campeliolebias brucel KJ844721 1
190 campellolebias brucel GBGCA1083015
Atlantrivilus haraldsioli PPT26623 1
10 Atlantirhvulus riograndensts PPT26630 1
4 | Atlantirivulus haraldsiolii LGM 599
1q Auantitvulus santensis GU701923 1
| rBL
1 ® Agantiivulus ribeirensis PPT26629 1
W Anlantirvulus santensis FBCRB30809
Atlantirivuius santensis FBCRB31009
*“Atantinvulus santensis FBCRB30709
Gymnolus pantanal GUT01776 1
Gymnofus carapo JEQUI19913
100 Gymnotus pantherinus GUT02131 1
o Gymnotus pantherinus FBCR37709
wGymnotus pantherinus LGM 596
h FUPF
Gymnotus pantherinus GUTOL1771 1
Gymnotus pantherinus FBCR3G609
Parciorhaphis garbei PGARD1817
Pseudotothynis obtusa FECR29909
Pscudotothyris oblusa FBCR29809
Pseudotothyrs obtusa FECR29709
Pseudotothyrs obtusa FBCR29609
Pseudotothyris ignota LGM 606
97 - Psewtolothyris sp KM104464 1
109 pepudotothyris oblusa KMLOA4ES 1
Scleromystax macropterus LGM 598
0 seieromystax macropterus FBCR19009
Scleromystax barbafus KTBT4582 1
mScleromystax barbatus MGB25025 1
Scleromystax barbatus LGM 605
Scleromystax barbatus FBCR17909
3 Scleromystax sp C112 BCORY70713
B
Scleromystax barbalus FECRS1109
Chasmeocranus brachynema GUT01830 1
10 ichihys leptos FBC
7| Acentronichthys lepios FECRB16209
51 Acentronichthys leptos LGM 597

Spintherobolus cl. ankoseion LGM 603

Spintherobalus lepioura FECRD6009

4 Spintherobolus leptoura FBCROG409
TSpintherobalus lepioura FECR06309
Spintherobolus ankoseion Q745046 1
therobolus ankoseion OQT45845 1

Spintherobolus broccae OQT45940 1
Spintherobolus broccae 00745944 1
robolus broccae OQ745942 1

Glandulocauda melanogenys JNSBBET2 1

S microfepis FB(

n [

microlepis FB(
“# Mimagoniates lateralis LGM 601
| 4y Mimagoniates lateralis MG967574 1
Mimagoniates laferalis MHO36060 1
"Mimagoniates lateralis FECRBO1609
SMimagoniates lateralis MHO36061 1
— Mimagoniates lateralis MHO36058 1
"imagoniates lateralis FBCRBO1709
; Deuterodon intermedius GUT02128 1
I Hyphessobiycon reticulatus FBCRO4609
F iculatus FBCRB12309
B Hyphossobrycon reticulatus FBCRB12000
** Hyphessobrycon reticulatus LGM 607
| “Hyphessobrycon reticulatus FBCR04709
Astyanax lacustris KY268287 1
|Rachoviscus crassiceps LGM 600
; s 4
9| Rachoviscus crassiceps FBCR00303
Rachoviscus crassiceps FBCR00109
14.wvalv«mw»m;.-s mulifasciatus JFE36446 1

| Hellandichthys mullifasciatus JFB36388 1

| LGM 602
bL chihys multifasciatus JFB36431 1
syHollandichthys mullifasciatus JFE36417 1
Hollandchihys multifasciatus JFBI6387 1
| Hollandichitys multifasciatus JF836418 1
Hollandichthys mullifasciats JF836384 1

Cyprinodontiformes

Siluriformes

Characiformes

Figure 6. ML tree constructed under the TPM2u + I + G4 + F model with 1000 standard bootstraps. Sequences generated in this paper are highlighted in bold.
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3. Conservation aspects

One non-native species was recorded in the blackwater streams of
the region: the guppy (Poecilia reticulata Peters 1859), documented
here for the first time in northern Santa Catarina. Native to Central
America and the coastal rivers of Venezuela, P. reticulata has been
widely reported in various regions of Brazil (Reis 2003, Braganca
et al. 2020), including urban drainages within the study area (Pinheiro
et al. 2017). Its success in colonizing new environments is attributed
to a combination of ecological traits, including dietary flexibility,
viviparity, and high tolerance to environmental fluctuations, which
support its persistence in degraded habitats (Cunico et al. 2006, Mise
et al. 2015). As a result, P. reticulata is frequently associated with
disturbed environments (Reznick et al. 2012). The species has been
widely introduced in Brazil for mosquito larvae control and through
accidental releases from aquarists (Stockwell & Henkanaththegedara
2011, Magalhdes & Jacobi 2013).

Among the nine species considered endemic to blackwater
streams, five are officially listed as threatened (Table 1). These species
show a high dependency on well-preserved native forest surrounding
the water bodies where they occur. Riparian vegetation plays a
key ecological role by providing food resources, such as plant matter
and allochthonous invertebrates (Gongalves et al. 2016), as well as
offering shading and thermal regulation, which help stabilize water
temperature (Ebling & Padial 2024). The root systems of riparian
vegetation play a fundamental role in maintaining the structural
integrity of aquatic ecosystems by preventing sedimentation,
stabilizing streambanks, and preserving water quality and microhabitats
(Lobon-Cervia et al. 2016). Additionally, the decomposition of
plant organic matter influences key physicochemical properties of
blackwater environments, such as low nutrient concentrations and
acidic pH conditions that are crucial for the survival of many endemic
species (Menezes et al. 2007). Beyond these localized effects, the
continuity of riparian vegetation across the landscape facilitates
ecological connectivity. During rainy periods, this vegetation acts as
a natural corridor, promoting dispersal between otherwise isolated
water bodies and enabling gene flow among small and fragmented
populations (Perez et al. 2020). Given these multiple ecological
functions, the degradation or removal of riparian vegetation poses a
critical threat to the specialized ichthyofauna of blackwater systems,
as it disrupts both the physical habitat and the ecological processes
upon which these species rely (Abilhoa et al. 2011).

During the survey, four protected areas were sampled. Only in the
Municipal Nature Park of Caieira were no freshwater fish recorded.
In contrast, all endemic and threatened species were recorded in the
other conservation units: Volta Velha Private Natural Heritage Reserve
(sites 1 and 2), Acarai State Park (sites 4 and 5), and Caminho do
Peabiru Municipal Nature Park (site 22). This suggests that these
protected areas play an important role in the conservation of the local
ichthyofauna.

Temporary pools and intermittent rivers also deserve special
attention, as they were the only environments where exclusively
endemic blackwater stream species were recorded. Among them, the
rivulid C. chrysolineatus stands out due to its extremely restricted
distribution. This small fish belongs to the group known as killifish,
whose species exhibit unique life-history strategies adapted to ephemeral
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habitats (Loureiro et al. 2018, Volcan et al. 2025). The main adaptation
of'these species is the production of eggs that enter diapause, remaining
viable in the dry substrate during the dry season and hatching with the
return of the rains (Arenzon et al. 1999, Volcan et al. 2011). Historically,
C. chrysolineatus likely had a broader distribution across the coastal
plain of northern Santa Catarina, but its current records are restricted
to areas of dense forest in the municipality of Araquari (Costa 1995,
2009). In this study, new populations were found in the municipalities
of Barra do Sul, Barra Velha and Sao Francisco do Sul. In Barra Velha,
the species was recorded in a temporary pool within Caminho do Peabiru
Municipal Nature Park, whereas in Séo Francisco do Sul it was found
in two temporary pools located at the edge and within Acarai State
Park. These records represent the first occurrences of C. chrysolineatus
within protected areas.

In the municipalities of Araquari and Barra do Sul lies one of the
largest restinga fragments in the region, featuring a complex network
of’blackwater streams. In this area, 24 species were recorded, including
both endemic and threatened ones. However, the fragment is under
intense anthropogenic pressure, with native vegetation being replaced
by residential and industrial developments, sand extraction, and Pinus
plantations. Given this scenario, the establishment of protected areas in
these municipalities is urgently needed, as there are currently no legally
protected areas within their territorial boundaries.

The entire study area is highly fragmented, with restinga
remnants surrounded by urban zones and industrial infrastructure
(Nicoletti et al. 2024). This pattern of fragmentation reduces
population connectivity, impairs gene flow, and increases the risk
of local extinctions (Bellard et al. 2012, Herrera-R et al. 2020).
The resulting decrease in genetic variability, in turn, compromises
the ability of populations to adapt to environmental changes (Leigh
et al. 2019). In addition, climate change introduces a new layer of
threat to coastal freshwater environments. Sea level rise and the
salinization of these ecosystems may render them unsuitable, directly
impacting species that depend on riparian vegetation and specific
physicochemical conditions (Esser et al. 2019, Inague et al. 2021).
Rising air temperatures also compromise aquatic environments,
especially temporary habitats that are affected by increased evaporation
and shortened inundation periods. Such changes may intensify
population isolation and further reduce the already limited distribution
of these species (Comte et al. 2013, Manjarrés et al. 2021).

In light of our results, understanding the impacts of fragmentation
and climate change on endemic ichthyofauna, with a focus on population
dynamics, genetic structure, and dispersal mechanisms are necessary.
Such data will be essential to support effective conservation and
management strategies for these fragile environments.

Supplementary Material

The following online material is available for this article:

Table S1 — Geographic location and habitat characteristics of the
22 sampling sites surveyed in the northern portion of the coastal plain
of Santa Catarina, southern Brazil. For each site, the table presents
the locality, hydrographic basin, drainage system, water body name
(if available), and the type of aquatic habitat sampled. Latitude and
longitude are also included. Sites labeled as ‘Unnamed’ refer to perennial
streams with no known official or local name.
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Table S2 — All COI sequences used for the construction of the
phylogenetic tree, along with their corresponding codes and source
databases. Species marked with * were obtained in the present study.
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