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ABSTRACT. This study characterizes the ichthyofauna of the Pomba River drainage, a tributary of the Paraiba do
Sul River basin in southeastern Brazil. Sampling was conducted in 20 streams during the dry season (July 2018
and July 2022) utilizing electrofishing equipment for 60 minutes at each site. A total of 3,411 specimens were col-
lected, representing six orders, 13 families, 27 genera, and 31 species. Poecilia reticulata Peters, 1859, Deuterodon
intermedius (Eigenmann, 1908), and Bryconamericus ornaticeps Bizerril & Perez-Neto, 1995 were the most abundant
species. Correlations of taxonomic richness and diversity between hierarchical levels were positive. Although the
region remains poorly surveyed and is heavily impacted by deforestation, industrial and energy enterprises, and
other anthropogenic pressures, strong correlations between family and species richness and between family and
order diversity suggest that higher taxa effectively reflect key aspects of assemblage structure owing to high trait
conservatism. Such strong correlations suggest that families are functionally cohesive and ecologically distinct from
one another, supporting their utility as surrogates in biodiversity assessments, particularly when comprehensive
taxonomic revisions are lacking or rapid ecological assessments are conducted by non-taxonomists.

KEYWORDS. Atlantic Forest, conservation, environmental filtering, electrofishing, higher-taxon approach.
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INTRODUCTION

As the most industrialized and densely populated
region in Brazil, the Paraiba do Sul River basin in south-
eastern Brazil is home to approximately 7,000 industries
and 6,000 farms of varying scales (Meneguelli-Souza et al.
2021). This basin supplies water to around 15 million people
across the states of Sao Paulo, Rio de Janeiro, and Minas
Gerais. The ongoing alteration and exploitation of its natu-
ral resources are heavily driven by industrial development
and energy infrastructure (Meneguelli-Souza et al. 2021).
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Like other river basins within the Atlantic Forest domain,
it has undergone intense modification over more than four
centuries of land use, yet it continues to harbor remarkable
ichthyofaunal richness (Teixeira et al. 2005). Caramaschi et
al. (1991) initially recorded 88 fish species for the Paraiba
do Sul River basin, a number later estimated by Bizerril
and Primo (2001) to exceed 160 species. More recently, 73
fish species were recorded exclusively within the Domain
of Fluvial Islands (Berriel et al. 2018), a complex network of
small archipelagos that subdivides the main river channel
(Oliveira 2014).
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Ichthyofaunal surveys are essential to reduce Wal-
lacean knowledge gaps regarding species occurrence and
richness, while simultaneously updating the conservation
status of small streams throughout the Atlantic Forest (Buck-
up et al. 2014). Given that the modern biodiversity crisis is
nowhere more acute than in freshwater ecosystems (Tickner
et al. 2020, Ottoni et al. 2023), global conservation efforts for
these habitats have been historically inadequate (Harrison
et al. 2018, Ottoni et al. 2023). This critical scenario applies
directly to the Pomba River, a major tributary of the lower
Paraiba do Sul basin.

Herein, we characterize the ichthyofauna of Pomba
River streams, present a taxonomic identification key for the
recorded species, and evaluate the effectiveness of different
levels of taxonomic resolution as surrogates for stream fish
diversity. Specifically, we test whether the richness and di-
versity patterns of orders, families, and species are strongly
correlated with each other to validate the higher-taxon
approach in regional biodiversity assessments. Ultimately,
this study aims to provide an essential ecological baseline to
support future conservation measures and environmental
policies in the basin.

MATERIAL AND METHODS

Study area

The Pomba River drainage encompasses an area of
8,544 km? (IBGE 2011), originating at an altitude of 1,182
m in the Mantiqueira Mountains, Minas Gerais state, and
flowing into the municipality of Aperibé, Rio de Janeiro state,
where it joins the Paraiba do Sul River within the Domain
of Fluvial Islands. The climatic typology of the hydrographic
basin is Cwb (highland tropical) near the headwaters and
Aw (hot and humid tropical) throughout the remaining area
(Koppen 1948). The average annual temperatures range
from 15 to 26 °C, and the average accumulated precipita-
tion is 1,300 mm (Gomes et al. 2021), defining a dry season
from May to September and a rainy season from October
to March (Silva et al. 2018). Pastures for dairy cattle farming
predominate land use, representing the primary economic
activity in the region (Silva et al. 2018).

Measurement of environmental variables

The average width (im) of each stream (n = 20) was
based on measurements taken at six equidistant points along
an 80 m stretch. The average depth (m) was calculated from
random surveys along the same stretch. Water velocity (m/s)
was determined by measuring the time taken for a floating
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object to travel a known distance (1 m) in the center of
the channel (Casatti et al. 2001). To determine the physical
structure of land use in the adjacent matrix, a visual habitat
approach was employed based on established protocols (Bar-
bour et al. 1999). The assessment of vegetation cover at each
study site relied on data from the Global Land Cover-SHARE
(GLC-SHARE), a comprehensive global database providing
a high-resolution portrayal of land cover at approximately
a 1,000 m radius (Latham et al. 2014). This dataset focused
on the forest vegetation of the microbasin, and the extracted
values represent the percentages of vegetation cover sur-
rounding each of the examined sites (Latham et al. 2014).

Sampling design, identifications and taxonomy

A total of 20 streams were sampled during the dry sea-
son (July 2018 and July 2022) in the Pomba River drainage
(Fig. 1). The physical conditions of the sampling stations
in the lower basin are shown in Table 1 and Fig. 2. In each
stream, which consisted of second-order segments according
to the Strahler (1957) classification, an 80 m stretch was
blocked with nets (mesh size 0.5 cm) to prevent fish from
escaping. Sampling was conducted during the day using
an electrofishing apparatus consisting of two electrified
nets, powered by a portable alternating current generator
(Vonder, 2.5 kW, 220 V, ranging from 400 to 600 W output;
3-4 A) for 60 minutes. Specimens were anesthetized in a
clove oil solution (Eugenol, 2 drops per liter; AVMA 2001),
fixed in a 10% formalin solution, and subsequently preserved
in 70% ethanol.

The identification of all collected specimens was
conducted to the species level whenever possible, based
on specialized taxonomic literature specific to each taxon.
Species names, validity, and authors were checked against
Fricke et al. (2025). Voucher specimens were deposited in
the Ichthyological Collection of the Museu Nacional, Uni-
versidade Federal do Rio de Janeiro.

Data analysis

Spatial variations in the distribution of the ichthyo-
fauna between the upper (above 260 m elevation), middle
(169-260 m), and lower (below 169 m) sampling points of
the basin followed the regional classification of Guedes et al.
(2014). Following the logarithmic transformation of species
abundances, we performed a Principal Coordinates Analysis
(PCoA) using the Bray-Curtis dissimilarity index (Legendre
and Legendre 1998). To assess inventory representativeness,
species richness was estimated using a sample-based accu-
mulation curve with 9,999 permutations of the abundance
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Figure 1. Map of the study area showing the collection stations in the drainage systems of the rio Pomba basin, Minas
Gerais (MG) and Rio de Janeiro (R)) states, Southeastern Brazil.

matrix, where rows corresponded to sites and columns to
species. We employed the Jackknife 1 estimator to obtain
the expected richness using the software EstimateS (Colwell
and Elsensohn 2014).

To investigate the consistency of biodiversity metrics
across different taxonomic resolutions, we calculated taxon
richness at two higher hierarchical levels: order and family.
Pairwise Pearson correlations were computed between
richness and diversity (Shannon-Wiener index) values across
these levels to assess taxonomic congruence. Correlation
coefficients (r) and associated p-values were used to quan-
tify the strength and significance of these relationships. To
evaluate taxonomic surrogacy, species accumulation curves
were constructed based on the rarefaction of all sampled
fish species, families, and orders. All statistical analyses
and visualizations were performed in R version 4.4.2 (R
Core Team 2024). Information regarding the distribution of

ZOOLOGIA 43: 25066 | https://doi.org/10.1590/S1984-4689.v43.e25066 | August 3, 2026

species in the Pomba River drainage was verified in Froe-
se and Pauly (2024) and Fricke et al. (2025). Conservation
status was consulted via the SALVE platform (https:/salve.
icmbio.gov.br/#/), the public interface of the Instituto Chico
Mendes de Conservacao da Biodiversidade (ICMBio), to
verify the current conservation category of each freshwater
fish species following the criteria of Baillie et al. (2004). The
ornamental potential of the species was evaluated according
to Brasil (2012).

RESULTS

A total of 3,411 specimens were sampled, representing
six orders, 13 families, 27 genera, and 31 fish species (Table
2). All analyzed species are classified as Least Concern by
ICMBio, except for Phalloceros circummontanus Souto-San-
tos, Mejia, Arcila & Buckup, 2025, which was recently des-
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Figure 2. Streams (collecting sites) in the lower Pomba River drainage, state of Rio de Janeiro, Southeastern Brazil. (A)
stream S2; (B) stream S3; (C) stream S4; (D) stream S6; (E) stream S7 and (F) stream S9. Codes of the collecting sites are

provided in Table 1.
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Table 1. Sampling sites in the lower Pomba River drainage, Paraiba do sul River basin, states of Minas Gerais (MG) and
Rio de Janeiro (R)), Southeastern Brazil, with municipalities, geographic coordinates, depth, width, water velocity (WV),
altitude, percentage of forest cover in the microbasin (FC%), land use in the adjacent matrix and distance from collection
points to bridges, roads and urban agglomerations (distance).

Depth Width wv Altitude FC

Sites Municipalities Coordinates (cm) (cm) (mfs) (m) ©6) Land use in the adjacent matrix Distance (m)
S1 Santo Antdnio de Péddua, R) 21°29°5.43”S, 46+10 180+10 3.50+0.12 7 62 Secundary forest 81 m from a dirt road
42°14'52.54”W
S2  Miracema, R) 21°23’37.18”S, 59+22 100+30 1.00+0.23 142 54 Pasture 760 m from a bridge
42°14’54.47"W
S3  Miracema, RJ 21°22’9.82”S, 24+11 120+£40 1.00+0.12 149 64 Pasture 62 m from a bridge
42° 920.35"W
S4 Miracema, R) 21°24’32.99”S, 28+05 180+10 2.00+0.15 145 60 Secundary forest 67 m from a bridge
42°13’4.21"W
S5 Santo Antdnio de Padua, R) 21°30°49.40”S, 4520 150+12 1.00 +0.02 113 61 Pasture and forested sections 45 m from a bridge
42°16'45.93"W
S6 Laranjal, MG 21°31°43.72”S, 2311 230+98 0.51x0.03 139 66 Pasture 50 m from a dirt road
42°18’50.92"W
S7 Santo Antdnio de Péddua, R) 21°2829.23”S, 59+26 140+20 0.50+0.10 169 63 Pasture 27 m from a dirt road
42°1’49.13"W
S8 Santo Antonio de Padua, R) 21°29°12”S, 23+09 130+80 2.00+0.98 171 67 Pasture 69 m from a dirt road
42°01°03"W
S9 Santo Antdnio de Padua, R) 21°34°25.22”S,  44x15 170+30 1.00x0.34 130 58 Pasture 28 m from a dirt road
42°11°18.77"W
S10 Santo Antdnio de Padua, R) 21°36'14.07”S, 58+24 120+10 0.70+0.98 86 47 Pasture 31 m from a dirt road
42° 9'7.01"W
S11 Leopoldina, MG 21°27°21”S, 35+£10 100+17 430+0.09 172 63 Pasture 1123 m from the village “Vista Alegre”
42° 34 48" W
S12 Leopoldina, MG 21°2716.54”S, 53+22 190+30 1.30x0.20 162 63 Pasture and forested sections 1019 m from the village “Vista Alegre”
42°34’52.63"W
S13 Tabuleiro, MG 21°21°30.70”S, 29+07 180+80 1.54+0.11 450 63 Pasture 57 m from a dirt road
42°35'7.78"W
S14 Tabuleiro, MG 21°25%29.55”S, 35x12 23020 2.20x0.12 461 71 Pasture and forested sections 16 m from a dirt road

42°16’58.65"W

S15 Santa Bdrbara do Tugtrio, MG~ 21°15'29.73”S, 40+18 320+22 0.99+0.06 649 72 Pasture and forested sections 230 m from a dirt road
43°20'13.26"W

S16 Santa Bérbara do Tugtrio, MG 21°15’3.40”S, 39+16 230+78 0.71+0.07 659 73 Pasture and forested sections 151 m from a dirt road
43°3128.43"W

S17 Visconde do Rio Branco, MG 21° 1’8.43”S, 69+20 200+70 0.40=+0.13 375 64 Pasture and forested sections 55 m from a dirt road
43°32’39.70"W

S18 Visconde do Rio Branco, MG 20°57°53.79”S, 3305 190+50 2.10+0.78 367 65 Pasture and forested sections 53 m from a dirt road
42°53’42.10"W

S19 Cataguases, MG 21°24°42.05”S, 40x25 100x13 2.00+0.24 198 61 Pasture and forested sections 72 m from a dirt road
42°55’58.83”"W
S20 Cataguases, MG 21°1621.31”S, 48+14 160+11 0.87 +0.88 234 59 Pasture and forested sections 26 m from a dirt road

42°41°20.03"W

cribed; conservation status cannot be assigned to species 1600 Abundance == Species Richness 16
identified only as morphotypes and to species introduced 1200 12
into the river basin (INT in Table 2). Characiformes were ¢ . 10
the most abundant order (n = 1,487, 43%), followed by g 800 N :
Cyprinodontiformes (n = 1,330, 38%) and Siluriformes (n = o .
460, 13%). Cichliformes (n = 115), Gymnotiformes (n = 17), ‘ M . 2
and Synbranchiformes (n = 2) represented 5% of the total ’ & & & & & ¢ 0
abundance. Siluriformes were the most species-rich order §ﬁ° & Iy & $«é“\° ‘,@‘&0

(S = 14, 36%), followed by Characiformes (S = 13, 34%) and i ¢ o
Cichliformes (S = 6, 15%; Fig. 3). Figure 3. Species abundance and richness of fish orders col-

The family with the greatest abundance was Poeci- lected in streams of Pomba River drainage, states of Minas
liidae (n = 1,330, 39%), followed by Acestrorhamphidae (n  Gerais and Rio de Janeiro, Southeastern Brazil.
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=972, 28%) and Stevardiidae (n = 473, 14%). The families
Acestrorhamphidae, Trichomycteridae, and Cichlidae
presented the greatest species richness, each with five spe-
cies (Fig. 4). Poecilia reticulata Peters, 1859 (n = 912, 26%),
Deuterodon intermedius (Eigenmann, 1908) (n = 684, 20%),
and Bryconamericus ornaticeps Bizerril & Perez-Neto, 1995
(n = 473, 13%) were the most abundant species among the
specimens collected in the streams (Table 2).

1600 Abundance =+ Species Richness 6
- ?. N 5
1200 R A AN 4
8 ’ \ ’ \ ’ N 48
g ’ \ ’ N 4 \ =
s 4 \ ’ A4 \ 2
T 8004 |« [ v " 3%
= \
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Figure 4. Species abundance and richness of fish families
sampled in streams of Pomba River drainage, states of Minas
Gerais and Rio de Janeiro, Southeastern Brazil.

The first axis of the graph (PCoA 1 =19.1%) segregated
stream groups according to their faunistic composition (Fig.
5). Rhamdioglanis transfasciatus Miranda Ribeiro, 1908, Rham-
dia quelen (Quoy & Gaimard, 1824), and Crenicichla lacustris
(Castelnau, 1855) were associated with the upper portions of

86
s18
mn
S20 s14 s
¢ * S17E190
.

82
-4

PC2

sS4

-8

-10 -5 0
PC1

Figure 5. Principal Coordinates Analysis ordination plot, evi-
dencing the composition and distribution of species along
upper (green), middle (blue) and lower (red) streams of the
Pomba River drainage, states of Minas Gerais and Rio de
Janeiro, Southeastern Brazil.
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the river basin, whereas Astyanax sp., Poecilia vivipara Bloch
& Schneider, 1801, and Hoplosternum littorale (Hancock, 1828)
were associated with the intermediate and lower portions.

A total of 21 (68%) species are native to the Paraiba do
Sul River basin, five (16%) are exotic to this basin,and all speci-
mens of Trichomycterus Valenciennes, 1832 (n = 5, 16%) were
identified only as morphospecies. Species identification in this
genus, which is already difficult, is exacerbated by the fact that
there are currently 25 species of Trichomycterus cited for this
river basin (Fricke et al. 2025), some of them with very similar
colors and/or external morphology, requiring revision with
analysis of type materials from all its geographic extension.
Revisional taxonomy is essential for biological research in
all areas of interest (Wheeler 2004). The citation of “Astyanax
sp. 1” Melo (2001) is due to the fact that specimens collected
in some parts of the river basin are similar to this author’s
description for a species not yet scientifically named. This
information reinforces the importance of faunal inventories,
especially in areas with strong endemism affected by chronic
human disturbances, such as the Atlantic Forest.

Observed species richness (31 species) represented 68%
of the total richness estimated by the Jackknife 1index (47 +4
species). Although the species accumulation curve exhibited
a stabilization trend, it did not reach an asymptote, indicat-
ing that additional species would likely be recorded with
increased sampling effort (Fig. 6). The streams harboring the
highest fish abundances were S8 (n = 471 individuals), S10
(n =433), and S18 (n = 314) (Fig. 7A). The most species-rich
streams were S20 (S = 13 species), followed by S16 (S = 12),
and S4 and S5, each with 11 species (Fig. 7B).

Species richness
w B
o o
| 1

N
o
|

10

T T T T T
0 5 10 15 20

Samples
Figure 6. Species accumulation curve for the fish collected
from streams of the Pomba River drainage, states of Minas
Gerais and Rio de Janeiro, Southeastern Brazil. Square =
Jackknife 1; circle = richness observed. The bars represent
the confidence interval.
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Figure 7. (A) Fish abundance (N) and (B) species richness (S) in streams of the Pomba River drainage, Minas Gerais and

Rio de Janeiro states, Southeastern Brazil.

Overall, correlations of taxonomic richness and di-
versity metrics between hierarchical levels were positive.
The strongest correlations were observed between family
diversity and order diversity (r = 0.94, p < 0.001; Fig. 8F),
followed by family richness and order richness (r = 0.80,
p < 0.001; Fig. 8E) and species richness and family richness
(r=0.73,p < 0.001; Fig. 8A). Among the 12 sampled families,
only Loricariidae (r =0.63,p =0.003; Fig. 9A), Heptapteridae
(r=0.59,p =0.0062; Fig. 9B), and Trichomycteridae (r = 0.50,
p = 0.02; Fig. 9C) showed significant positive correlations
with total species richness. Among the six analyzed orders,
only Siluriformes (r = 0.72, p = 0.001; Fig. 9D) was positively
correlated with overall species richness.

Taxonomic accumulation curves did not reach an
asymptote across all analyzed hierarchical levels (Fig. 10).
However, the cumulative curve for fish orders (Fig. 10C) was
noticeably less steep than those for families and species, re-
flecting the intrinsically limited number of orders occurring
in freshwater environments. Although the ichthyofauna of
the Paraiba do Sul River basin has been addressed by several
authors, many species remain poorly defined (e.g., repre-
sentatives of Deuterodon Eigenmann, 1907 and Psalidodon
Eigenmann, 1911), exhibit substantial morphological overlap
in diagnostic characters, e.g., Trichomycterus); or belong to
complex species groups, e.g., Hoplias malabaricus (Bloch,1794).
The identification key provided herein synthesizes diagnostic
characters to facilitate species identification and access to
distributional records for the taxa recorded in this study.

ZOOLOGIA 43: 25066 | https://doi.org/10.1590/S1984-4689.v43.e25066 | August 3, 2026

DISCUSSION

The number of fish species recorded for the studied
stream tributaries is expectedly lower than that documented
for the entire Paraiba do Sul River basin or its main channels.
Bizerril (1999) recorded 167 fish species in one of the earliest
broad investigations covering the entire basin, which includ-
ed a higher proportion of marine and euryhaline species (37
species, 22% of the total) than that found in the Pomba River
tributaries. Teixeira et al. (2005) noted that the sampling
of Bizerril (1999) encompassed small tributaries harboring
species that are absent from the main river channel. In their
own basin-wide survey along the main stem, Teixeira et al.
(2005) obtained 81 species. The species richness observed in
other tributaries of the Paraiba do Sul River basin closely
mirrors our findings. For instance, Oliveira and Lacerda
(2004) reported 33 species after a one-year inventory in a
reservoir area within the Paraibuna River basin. Honorio
and Martins (2018) recorded 30 species in the Una River,
while De Brito and Buckup (2019) documented 32 species
from the upper Pirai drainage, a tributary whose course
was artificially reversed and diverted into the water supply
system of Rio de Janeiro and adjacent municipalities.

Numerous studies have addressed stream fish assem-
blages across the Atlantic Forest domain. These assessments
recorded 23 species in the Perequé-Acu River (Guimaraes et
al. 2021) and 54 species along the Fluminense Green Coast
(Dopazo et al. 2023), both representing coastal drainage

7119
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Table 2. Fish captured in streams of the Pomba River drainage, Paraiba do sul River basin, States of Minas Gerais and Rio
de Janeiro, Southeastern Brazil, in July 2019 and July 2022, with their abundance (N) and catalog number from National
Museum (MNR)) for voucher specimens. Distribution in the Pomba River drainage: 'NT = introduced (introduced are the
species described for river basins distant from the Paraiba do Sul River basin) and N = native (native are the species de-
scribed for the Paraiba do Sul River basin). Potential for the trade of ornamental fish (Brazil 2012): YNP = undetermined, N°
= not ornamental, and © = ornamental. Systematic positions were based on Fricke et al. (2025).

Orders, families and species N Ornamental potential Voucher
Characiformes
Acestrorhamphidae
“Astyanax sp.1” Melo, 2001 N 240 UND 55066
Deuterodon intermedius (Eigenmann, 1908) N 685 NO 55081, 55110
Megalamphodus eques (Steindachner, 1882) "N 22 o 55069
Oligosarcus hepsetus (Cuvier, 1829) N 1 (0] 55084
Psalidodon parahybae (Eigenmann, 1908) N 14 NO 55063
Stevardiidae
Bryconamericus ornaticeps Bizerril & Perez-Neto, 1995 N 473 NO 55074
Curimatidae
Cyphocharax gilbert (Quoy & Gaimard, 1824) N 2 (0] 55070
Crenuchidae
Characidium vidali Travassos, 1967 N 10 UND 55092
Erythrinidae
Hoplias malabaricus (Bloch, 1794) N 30 (o] 55071
Cyprinodontiformes
Poeciliidae
Phalloceros circummontanus Souto-Santos, Mejia, Arcila & Buckup, 202° N 32 NO 55065
Poecilia reticulata Peters, 1859 N 912 (o) 55080
Poecilia vivipara Bloch & Schneider, 1801 N 386 (o] 55061
Siluriformes
Callichthyidae
Hoplosternum littorale (Hancock, 1828) 'NT 6 (0] 55064
Loricariidae
Hypostomus punctatus Valenciennes, 1840 N 30 UND 55067, 55087
Neoplecostomus microps (Steindachner, 1877) N 1 NO 55077
Schizolecis guentheri (Miranda Ribeiro, 1918) N 2 NO 55112
Heptapteridae
Pimelodella lateristriga (Lichtenstein, 1823) N 101 (0] 55082
Rhamdia quelen (Quoy & Gaimard, 1824) N 18 NO 55085
Rhamdioglanis transfasciatus Miranda Ribeiro, 1908 N 60 NO 55093
Trichomycteridae
Trichomycterus sp. 1 1 UND 55076
Trichomycterus sp. 2 11 UND 55078
Trichomycterus sp. 3 9 UND 55079
Trichomycterus sp. 4 218 UND 55089
Trichomycterus sp. 5 3 UND 55090
Gymnotiformes
Gymnotidae
Gymnotus carapo Linnaeus, 1758 N 17 (0] 55083
Cichliformes
Cichlidae
Aequidens tetramerus (Heckel 1840) 'NT 18 UND 55109
Australoheros oblongus (Castelnau 1855) N 1 NO 55113
Crenicichla lacustris (Castelnau, 1855) N 4 NO 55086
Geophagus brasiliensis (Quoy & Gaimard, 1824) N 72 (o) 55088
Oreochromis niloticus (Linnaeus, 1758) 'NT 20 NO 55060
Synbranchiformes
Synbranchidae
Synbranchus marmoratus Bloch, 1795 N 2 NO 55072
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Figure 8. Relationships among richness and diversity measures across different taxonomic hierarchical levels of the mobile
fish assemblage in 20 streams of the Pomba River basin, Brazil. Pearson correlation analyses were performed using each
stream as a sampling unit. Correlations between (A) species richness and family richness, (B) species richness and family
diversity, (C) species richness and order richness, (D) species richness and order diversity, (E) family richness and order

richness, and (F) family diversity and order diversity.

systems. Oliveira and Lacerda (2004) highlighted that the
abundance and spatial distribution of species along river
stretches were heavily influenced by reservoir dynamics,
noting that fish diversity was contrastingly higher in the
upper reaches, possibly because those sites predated dam
construction. In our study area, Siluriformes was also
the most frequent group. In most Atlantic Forest stream
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inventories, the dominant order is either Siluriformes or
Characiformes, and the primacy of either group is linked
to environmental factors including terrain slope, altitude,
water velocity, and microhabitat availability. When compar-
ing these historical data with modern inventories, recent
systematic rearrangements must be taken into account.
The family Characidae, which historically exhibited high
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Pomba River basin, Southeastern Brazil.

species richness in most regional checklists, has undergone
extensive taxonomic revisions aimed at establishing mono-
phyletic groups. Consequently, multiple species previously
allocated to this broad family are currently nested within
Acestrorhamphidae and Stevardiidae.

Part of the variation in these richness estimates is likely
attributable to differences in water body dimensions, varying
sampling efforts, and specific structural characteristics of each
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stream reach. Given that biodiversity loss rates are higher in
freshwater ecosystems than in terrestrial ones (Turak et al.
2017), freshwater fish represent one of the most threatened
vertebrate groups globally (Reid et al. 2019). Since 2000, fish
populations have experienced drastic reductions at local scales
across temperate (Freyhof and Brooks 2011), tropical (Pelicice
et al. 2017), and diverse climatic zones (Ngor et al. 2018).
Furthermore, the spatial distribution of fish species in high-al-
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titude areas suffers from a Wallacean shortfall (Hortal et al.
2015), representing a major knowledge gap since fish remain
among the least studied taxonomic groups along altitudinal
gradients (Guedes et al. 2025). The present study contributes
31 species to the regional inventory of hydrographic basins
in the Atlantic Forest biome, providing novel data for streams
located at altitudes above 600 m. Specimens deposited in
Brazilian ichthyological collections have underpinned critical
taxonomic works, expanding our understanding of Neotropi-
cal ichthyofauna (e.g., Volcan et al. 2014, Ohara et al. 2015,
Katz and Costa 2020, Lehmann and Reis 2021, Ribeiro et al.
2021, Ferreira and Ohara 2023).

Poecilia reticulata was the most abundant species in
the streams of the Pomba River drainage, corroborating the
patterns observed by Araujo et al. (2009) in other portions
of the Paraiba do Sul drainage. This numerical dominance
aligns with findings by Casatti et al. (2010) for urbanized
streams in the Bodoquena Plateau; Pereira et al. (2014) for
Parand River basin streams; and Larantis et al. (2022) for
the Iguacu and upper Parand River basins. This widespread
pattern is an expected consequence of anthropogenic deg-
radation; P, reticulata is non-native to Brazil (Braganga et al.
2020), and its occurrence outside its natural range is strongly
associated with environmental stressors including urbaniza-
tion, instream siltation, reduction of riparian forest cover,
and domestic or industrial effluent discharge (Braganca et
al. 2020, Bueno et al. 2023)—conditions that are prevalent
throughout the Paraiba do Sul River basin. Accidental releases
by aquarists, escapes from aquaculture facilities, and live-bait
transport for sport fishing represent the primary introduction
pathways (Magalhaes et al. 2024). Bizerril (1999) recorded
16 introduced fish species (9.5% of the total fauna) along
the Paraiba do Sul River basin, with P. reticulata being one
of the three species occurring across all seven hydrographic
zones. Years later, Moraes et al. (2017) recorded 62 fish, three
bivalve, and three decapod introduced species within the
same basin. Invasive freshwater fish can severely impact
native communities and physical habitats through increased
predation pressure, competitive exclusion, hybridization,
disease transmission (Cucherousset and Olden 2011), loss of
native richness, and structural habitat alterations (Gozlan et
al. 2010). These cumulative introductions threaten natural
ecosystems by promoting population growth and behavioral,
genetic, or physiological interactions that ultimately lead to
the local extinction of less competitive native species.

Approximately 26% of the species captured in the Pom-
ba River drainage (10 species) possess recognized ornamental
value (Brasil 2012). Some of these taxa, such as Poecilia vivipa-
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ra, Pimelodella lateristriga, and Geophagus brasiliensis, were
numerically abundant in our samples. Even unlisted species
(Brasil 2012), including Astyanax sp. 1, Deuterodon intermedius,
Neoplecostomus microps, and Rhamdioglanis transfasciatus,
exhibit striking morphological and coloration patterns. With
the implementation of appropriate management strategies,
native ornamental fish could serve as sustainable sources
of income for local communities through ecotourism and
environmental education, potentially fostering economic
incentives for the preservation of small stream ecosystems.

Our PCoA ordination indicates that fish assemblages
in the Pomba River drainage are spatially heterogeneous. In
the upper headwaters, the combination of rocky substrates,
torrent flows, and preserved riparian canopies promotes
a higher abundance of Heptapteridae species, such as R.
transfasciatus and R. quelen, which are strongly adapted to
high-gradient habitats (Cherobim et al. 2016). Conversely,
these steep headwater environments restrict the occurrence
of most Characiformes and Cyprinodontiformes species. In
contrast, the middle and lower river sections—characterized
by greater stream width, depth, diverse substrates (sand and
gravel), and richer food resources—sustain a higher diversity
of species, particularly generalist taxa including Astyanax sp.
(with several species currently being assigned to Deuterodon
and Psalidodon) and representatives of Poecilia.

The sample-based species accumulation curve failed to
reach an asymptote, indicating that maximum regional rich-
ness was not fully captured. However, a sampling efficiency
exceeding 60% demonstrates that observed richness aligns
well with the expected values of the non-parametric estima-
tor, capturing the core structure of the local assemblages.
The Jackknife 1 analysis provided richness estimates close to
the expected total species pool. Because many Siluriformes
and Gymnotiformes are nocturnally active and seek refuge
during the day to avoid predation (Lowe-McConnell 1964),
supplementing inventories with nighttime sampling and ex-
panding the geographical coverage to adjacent microbasins
would likely increase the number of cryptobiotic species
recorded in the Pomba River drainage.

The substantial richness documented at both family
and species levels indicates that the studied ichthyofauna
is taxonomically diverse and functionally complex. The
strong correlation between family and species richness, as
well as between family and order diversity, likely reflects the
prominent role of environmental filtering, which restricts
assemblage membership to a few functional lineages with
conserved traits (Bower and Winemiller 2019). These find-
ings align with the phylogenetic gambit hypothesis (Mazel
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et al. 2018), which supports the premise that higher taxa
can effectively reflect key aspects of assemblage structure
when trait conservatism is high. In our system, this strong
correlation suggests that families are functionally cohesive
and ecologically distinct from one another, justifying their
application as valid surrogates in biodiversity assessments.
Consequently, the higher-taxon approach retains substantial
information regarding community-level patterns, particular-
ly in the functional dimension. Analyzing fish diversity at the
family level significantly reduces the time and cost required
for specimen identification, streamlining biomonitoring pro-
tocols and accelerating conservation planning (Santos et al.
2022). High-richness fish families possess great potential as
biological surrogates (Santos et al. 2022). Future steps should
focus on characterizing the functional traits of this fauna to
evaluate their relationship with landscape features, seasonal
variations, reproductive phenology, and microhabitat use.
In our survey, streams lacking riparian vegetation,
dominated by emergent rooted macrophytes and marginal
grasses, and characterized by silt or sand substrates in pas-
toral matrices exhibited the highest fish abundances, with a
predominance of P, reticulata and D. intermedius. Conversely,
reaches with mature arboreal canopies on one or both banks,
abundant woody debris, exposed root mats, and heteroge-
neous substrates (composed of rocks, gravel, branches, and
leaf litter) supported significantly higher species richness.
Under regional deforestation and structural homogenization
scenarios, instream siltation reduces mesohabitat availability,
leading to the loss of habitat specialists (Zeni et al. 2019). De-
forestation acts as a severe environmental filter that alters the
functional structure of stream fish assemblages (Teresa and
Casatti 2017), favoring the colonization of generalist species
with high swimming performance and maneuverability ca-
pable of exploiting uniform substrates and marginal grasses
(Zeni et al. 2019). Forested riparian zones enhance environ-
mental heterogeneity by supplying allochthonous inputs, such
as large woody debris, leaves, fruits, and seeds (Cantanhéde et
al. 2021), which provide critical trophic resources, structural
shelter, and spawning substrates (Pusey and Arthington
2003). Habitat heterogeneity promotes the coexistence of
species with distinct ecological requirements by broadening
the available niche space (Nonato et al. 2021). Consequently,
structurally complex streams support greater species richness
and a wider array of functional groups (Gutierrez et al. 2018).
Hydrographic basins within the Atlantic Forest harbor
a remarkably rich ichthyofauna (> 500 species, Thomaz and
Knowles 2018), consisting predominantly of small-bodied
species (Menezes 2007). Most of these taxa exhibit strong
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ecological dependencies on the adjacent forest matrix, which
provides crucial food and physical structure (Gongalves et al.
2018). Fish assemblages in the Brazilian Atlantic Forest are
highly sensitive to local habitat structures (Terra et al. 2016)
such as depth, current velocity, and substrate composition
(Ferreira et al. 2014). The spatial structure of stream fish com-
munities in this biome is driven by the longitudinal zonation
of ecological resources along the upstream-downstream gra-
dient, creating high environmental heterogeneity (Vannote et
al. 1980, Mazzoni and Lobdn-Cervid 2000, Ferreira and Petrere
2009). Therefore, increasing our knowledge on stream fish
diversity is imperative not only for macroecological tracking
of fish biodiversity but also for designing targeted mitigation
strategies to preserve biological integrity in a region with a
long history of severe anthropogenic disturbance.

Identification key for fish species from the studied area

1. Body covered by scales . 2
1. Smooth skin (body not covered with scales) or rough
skin covered with heavy bony plates..........ccccceueueee.. 19
2. Body covered only by cycloid scales; a single lateral
line, complete or interrupted.........coceeeeverirerenerereennns 3

2. Presence of ctenoid scales; lateral line divided into
one anterior upper portion and a posterior lower por-
tion running along the middle of the caudal pedun-
cle rrveereerseneesaeeaensees 15 (Cichliformes, Cichlidae)

3. Sub-cylindrical body, depressed head, mouth superior,
with a prognathous lower jaw; a long anal fin and a
short tail, without a caudal fin............... Gymnotus carapo
Linnaeus, 1758 (Gymnotiformes, Gymnotidae; Fig. 11A)

3. Cylindrical or laterally compressed body; head de-
pressed or not, mouth anterior or superior; short anal
fin; caudal fin always present 4

4. Toothless......... Cyphocharax gilbert (Quoy & Gaimard,
1824) (Characiformes, Curimatidae)

4. Teeth present in both jaws 5
5.  With a spot on caudal peduncle 6
5. Without a spot on caudal peduncle........cccceceeueevennee 10
6. Only unicuspid teeth in both jaws; maxillary bone

with about 20 conical teeth .......... Oligosarcus hepsetus

(Cuvier, 1829) (Characiformes, Acestrorhamphidae)
6.  Multicuspidated teeth: two premaxillary series, one
dentary series and maxillary bone with 0 to 3 teeth.7
7.  Four teeth in the internal premaxillary series and two
teeth on the maxillary bone; vertically elongated hu-
meral spot
Bryconamericus ornaticeps Bizerril & Perez-Neto, 1995
(Characiformes, Stevardiidae; Fig. 11B)
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Five teeth in the internal premaxillary series ............ 8
Horizontally oval humeral spot; maxillary bone tooth-
less; dentary bone with 4 antero-medial teeth bigger
than the lateral ones.......... “Astyanax sp. 1” Melo, 2001
(Characiformes, Acestrorhamphidae; Fig. 11C)
Vertically elongated humeral spot; dentary teeth size
varies abruptly 9
Dentary teeth size varies abruptly from the fifth
tooth; 1-3 teeth on maxillary bone; scales above the
anal fin arranged on regular series towards the caudal
fin e Deuterodon intermedius (Eigenmann, 1908)
(Characiformes, Acestrorhamphidae)

Dentary teeth size varies abruptly from the fourth
tooth; a very small tooth in the maxillary bone; scales
above the anal fin arranged on oblique series towards
the base of the fin, even in the smallest individuals....
...................... Psalidodon parahybae (Eigenmann, 1908)
(Characiformes, Acestrorhamphidae)

Mouth superior; males with a gonopodium (intromit-
tent organ)......... 11 (Cyprinodontiformes, Poeciliidae)
Mouth anterior; males without a gonopodium ....... 13
Gonopodium tip divided in two branches, each one
with a small hook; female urogenital papilla straight
along ventral midline; lateral dark brown spot located
under dorsal fin
Phalloceros circummontanus Souto-Santos, Mejia, Arci-
la & Buckup, 2025 (Cyprinodontiformes, Poeciliidae)
Gonopodium single-tipped, no appendices; no lateral
dark brown spot located under dorsal fin................. 12
Both sexes with a network-like color pattern; males
can have irregular colorful patches distributed; gono-
podium with triangular tip and a fold of skin ventral-

.. Poecilia retlculata Peters, 1859 (Cyprlnodontlformes,
Poeciliidae)
Males and females with dark spot in front of the dor-
sal; gonopodium with dorsal serrae in 4th ray.............
..................... Poecilia vivipara Bloch & Schneider, 1801
(Cyprinodontiformes, Poeciliidae)
Body light brown; a large and vertically elongated
humeral spot; dorsal and anal fins with large black
spots......... Megalamphodus eques (Steindachner, 1882)
(Characiformes, Acestrorhamphidae)
Body covered with spots regularly or irregularly dis-
tributed .14
Body with 9-11 irregular dark bands; small subtermi-
nal mouth with conical teeth ......... Characidium vidali
Travassos, 1967 (Characiformes, Crenuchidae)

14

15.

15

16.

16

17.

17.

18.

18.

19.

19.

20.

20.

21.

21

22.

22’

23.

23’

A single large horizontal stripe crossed by dark ver-
tical bands; a large terminal mouth with conical and
canine strong teeth
...... Hoplias malabaricus (Bloch, 1794) (Charac1formes,
Erythrinidae; Fig. 11D)

Elongated body; 22 spines in the anterior region of the
dorsal fin; lateral band continuous from head to cau-
dal fin base; ocellus at the base of the upper caudal
lobe ...cueeereennenne. Crenicichla lacustris (Castelnau, 1855)
(Cichliformes, Cichlidae; Fig. 11E)

Body taller than elongated; less then 22 spines in the
anterior region of the dorsal fin.......cccceeeveeverveenenee.
No lobe on the first branchial arch
A lobe on the first branchial arch; 15 spines on the
dorsal fin and 3 on the anal fin; no scales on the face.
........... Geophagus brasiliensis (Quoy & Gaimard, 1824)
(Cichliformes, Cichlidae; Fig. 11F)

Bicuspid teeth; 16 spines in the dorsal fin and 3 in the
anal fin.............. Oreochromis niloticus (Linnaeus, 1758)
(Cichliformes, Cichlidae)

Conical teeth... .. 18
Fourteen spines on the dorsal fin and 3 on the anal fin;
with scales on the face.........
..... Aequidens tetramerus (Heckel, 1840) (Cichliformes,
Cichlidae)

Fifteen spines in the dorsal fin and 7 in the anal fin ...
....................... Australoheros oblongus (Castelnau, 1855)
(Cichliformes, Cichlidae)

Body without bony plates... .20
Body covered with bony plates .28
Elongate body; gill membranes fused, leaving a single
small ventral opening; absence of pectoral, pelvic and
caudal fins, rudiments in the dorsal and anal fins........
............................. Synbranchus marmoratus Bloch, 1795
(Synbranchiformes, Synbranchidae)

Tall or elongated body, with paired gill slits; fins
present - .21
With opercular odontodes, adipose ﬁn absent.............
.............................. 22 (Siluriformes, Trichomycteridae)
Without opercular odontodes; adipose fin well devel-
100157 E 26 (Siluriformes, Heptapteridae)
Body homogeneously dark ......... Trichomycterus sp. 1
(Siluriformes, Trichomycteridae)

Body with spots or bands 23
Body crossed by a dark lateral stripe and 11 dorsal
transverse bars up to half of the side of the body........
Trichomycterus sp. 2 (Siluriformes, Trichomycteridae)
Body with spots .24
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Figure 11. Photographs in life of native species sampled in Pomba River drainage, Paraiba do Sul River basin, states of
Minas Gerais and Rio de Janeiro, Southeastern Brazil: Gymnotus carapo (A), Bryconamericus ornaticeps (B), “Astyanax sp.1”
(C), Hoplias malabaricus (D), Crenicichla lacustris (E), Geophagus brasiliensis (F), Trichomycterus sp. 4 (G), Rhamdia quelen
(H), Pimelodella lateristriga (1), Rhamdioglanis transfasciatus (J) and Hypostomus punctatus (K). Scale bars: 1 cm.
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24. Light yellowish body, with dark rounded spots distrib-
uted in a stripe along the dorsum and a lateral longi-
tudinal stripe; large eye.........c.c...... Trichomycterus sp. 4
(Siluriformes, Trichomycteridae; Fig. 11G)

24’ Body with irregularly distributed spots; small eye .. 25

25. With scattered gray rounded spots, without forming
bands; head a little longer than wide .........cccceceveveuruence
.Trichomycterus sp. 3 (Siluriformes, Trichomycteridae)

25’. Dark spots of various sizes, irregularly distributed,
forming a longitudinal stripe on the anterior half of
the body; head as wide as long......Trichomycterus sp. 5
(Siluriformes, Trichomycteridae)

26. Grayish body, with numerous small spots irregularly
distributed...Rhamdia quelen (Quoy & Gaimard, 1824)
(Siluriformes, Heptapteridae; Fig. 11H)

26’ Yellowish body, with bands.... .27

27. Yellowish body crossed by a dark longitudinal stripe .
................... Pimelodella lateristriga (Lichtenstein, 1823)
(Siluriformes, Heptapteridae; Fig. 111)

27’ Yellowish body crossed by about 6 dark transverse
bands................. Rhamdioglanis transfasciatus Miranda
Ribeiro, 1908 (Siluriformes, Heptapteridae; Fig. 11))

28. Body covered by a double series of dermal plates;
coracoids exposed ventrally....... Hoplosternum littorale
(Hancock, 1828) (Siluriformes, Callichthyidae)

28’ Body covered by more than two series of dermal plates;
lower lip transformed into a suction cup ........cececeueu. 29
(Siluriformes, Loricariidae)

29. Lower lip well developed, with 2 or 3 series of large pa-
pillae; a hexagonal shield of plates with small odontodes
covers the ventral region of the body......Neoplecostomus
microps (Steindachner, 1877) (Siluriformes, Loricariidae)

29’ Lower lip moderately developed and without large
papillae; no shield in ventral region........ccccecceeueeee. 30

30. Adipose fin absent; cleithra exposed ventrally; two
small open fossae on the isthmus .......ccccceeeeververernennenee.

............... Schizolecis guentheri (Miranda Ribeiro, 1918)
(Siluriformes, Loricariidae)

30. Adipose fin present; cleithra not exposed ventrally;
isthmus not openings SR,
..................... Hypostomus punctatus Valenciennes, 1840
(Siluriformes, Loricariidae; Fig. 11K)
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