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Abstract

Astyanax bifasciatus Garavelo & Sampaio, 2010 was originally described as endemic to the Iguacu river basin. Be-
tween March 2017 and January 2018, specimens of A. bifasciatus were sampled during expeditions to headwater
streams of the Piquiri river basin, upper Parana river basin. The identification was confirmed both by morphological
and molecular analyses, representing, therefore, the first record of the species outside of the basin of the Iguagu River.
In addition, the lack of structuring in the haplotype network confirms that the representatives of A. bifasciatus from
both basins appear to comprise a single population.
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Introduction

Astyanax Baird & Girard, 1854 is the richest genus of
the Characidae with about 180 valid species (Fricke et
al. 2019). Most species are highly morphologically sim-
ilar and lack unique diagnostic characters making the
process of accurately identifying species difficult (Ros-
sini et al. 2016; Silva 2017). In the Iguagu river basin,
Astyanax is the most diverse and abundant group of
fishes (Pavanelli and Oliveira 2009; Baumgartner et al.

2012; Pini et al. 2019). Among its representatives, Asty-
anax bifasciatus Garavello & Sampaio, 2010 is widely
distributed throughout the basin (Garavello and Sam-
paio 2010; Baumgartner et al. 2012), where it is highly
abundant both in the main channel (Delariva et al. 2013)
and in smaller streams (Larentis et al. 2016; Delariva et
al. 2018). According to Garavello and Sampaio (2010:
856), A. bifasciatus is diagnosed from other congeners
by the following combination of characters: “infraorbital
3 deep, but not in contact with the preopercle, leaving a
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narrow, naked area between its border and the preoper-
cle; the premaxillary outer series with 4 (rarely 5) pen-
tacuspid teeth; the non-symphysial teeth in premaxillary
inner series heptacuspid; the vertically elongate humeral
blotch with the dorsal portion much wider than the ven-
tral; the presence of a faint and diffuse ‘post-humeral
spot’; the presence of 36—40 perforated scales on the
lateral line; the presence of 7-9, usually 8, gill-rakers
on the first epibranchial and 1013, usually 12, on the
ceratobranchial”.

The Iguagu river basin is bordered by the Ribeira,
Tibagi, Ivai, Piquiri, and Parana IIl basins (Parolin
2010). Among those, the Piquiri river basin has the third
largest drainage area, also with extensive stretches free
of damming in the upper Parana river basin (Affonso
et al. 2015; Cavalli et al. 2018). Recent ichthyofaunistic
inventories in Piquiri river basin recorded a high diver-
sity of fishes (152 species), mainly represented by small
species belonging to the Loricaridac and Characidae
(Gubiani et al. 2010; Delariva and Silva 2013; Dei Tos
et al. 2014; Cavelli et al. 2018). However, those studies
did not record 4. bifasciatus. We report herein a geo-
graphic range extension for 4. bifasciatus in the Piquiri
river basin, representing the first record outside from
the Iguagu river basin. Additionally, we provide a brief
description of these individuals, based on morphological
characters and Cytochrome ¢ oxidase subunit 1 (COI)
gene sequences.
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Methods

The Piquiri and Iguagu rivers are direct tributaries
of the Parana River (Parolin et al. 2010). The Iguacu
basin is characterized by have a low diversity of species
(Baumgartner et al. 2012). Piquiri basin, besides the high
diversity, is one of the only rivers free of dams in Parana
state. Specifically, in western Parana, both basins are
mainly affected by agricultural activities, with mono-
cultures of soybean, corn, and sugar cane (Parolin et al.
2010). At the border between these two basins, in the
municipality of Cascavel, the fish fauna was sampled in
nine headwater streams (Fig. 1).

The samplings were performed using electrofish-
ing technique between March 2017 and January 2018. A
collecting license was provided by the Instituto Chico
Mendes de Conservagdo da Biodiversidade (ICMBio)
(Process 30182) and approved by the Ethics Commit-
tee on Animal Use of the Universidade Federal do Rio
Grande do Sul (CEUA; Permit number 32734) in accor-
dance with protocols in their ethical and methodological
aspects for the use of fish. Specimens were deposited at
the ichthyological collection of the Universidade Federal
do Rio Grande do Sul (UFRGS).

The identification of the specimens was based on
Garavelo and Sampaio (2010). Measurements and counts
followed Fink and Weitzman (1974), with the exception
of the number of scale rows below the lateral line, which
were counted from the scale row ventral to the lateral line
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Figure 1. Distribution of Astyanax bifasciatus. Red circles are new records from the Piquiri river basin. Blue circles are records from the
lower Iguacu river basin. Black lines indicate the limits among Piquiri, lower Iguacu, and Parana Ill basins.
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to the scale row nearest to the origin of the first pelvic-
fin ray. The measurements were taken point to point with
electronic calipers to the nearest 0.1 mm on the left side
of specimens. Counts were taken under a stereomicro-
scope from the left side of specimens whenever possible.

Morphological variations were evaluated using a
Principal Component Analysis (PCA) applied to meristic
and morphometric data (based on percentage of standard
length and percentage of head length). This analysis was
run in R environment version 3.5.2 (R Core Team 2018)
with ‘vegan’ package version 2.4-6 (Oksanen et al. 2019)
and ‘ggplot2’ package version 3.1.0 (Wickham 2016).

Partial sequences of the COI gene were amplified for
seven specimens from headwater streams of the lower
Iguacu River (4 specimens) and Piquiri River (3 speci-
mens) basins. In addition, the COI gene of the four sin-
topic characidae species (Astyanax aff. fasciatus Cuvier,
1819; Astyanax aff. paranae Eigenmann, 1914; Astyanax
lacustris (Liitken, 1875) and Bryconamericus ikaa Cas-
ciotta, Almirén & Azpelicueta, 2004) was also amplified
(Appendix Table Al). DNA was extracted from muscles
fragments using CTAB methodology (Doyle and Doyle
1987). COI was amplified with primers cocktail FishF1tl
and FishR1tl (Ivanova et al. 2007). PCR reactions were
conducted in a reaction volume of 20 pL [10.3 pL of
H20, 2 pL of 10x reaction buffer (Platinum®Taq), 0.6
pL of MgCI12 (50 mM), 2 pL of dNTPs (2 mM), 2 puL of
each primer (2 uM), 0.1 pL (5U) of Platinum® Taq (Invi-
trogen), and 100 ng of template DNA], under the follow-
ing conditions: an initial DNA denaturation at 94 °C for
3 min followed by 35 cycles at 94°C for 30 s, 50 °C for 40
s, and 72°C for 1 min and a final extension at 72 °C for
10 min. The PCR products were purified using the Exo-
sap enzymatic method (25% exonuclease, 25% Shrimp
Alkaline Phosphatase and 50% deionized water), and
the sequencing was performed by the company ACTGen
(Porto Alegre, Rio Grande do Sul). The sequences were
aligned using Clustal W in MEGA 6.0 software (Tamura
et al. 2013) and the alignments were visually inspected
for any obvious base miscall (e.g. base incorporated at
the sequence different from the color pic in chromato-
grams). A Neighbor Joining dendogram and pairwise
genetic distances between species were performed using
Kimura-2-parameters model (K2P) (Kimura 1980) in
the MEGA 6 software (Tamura et al. 2013). Addition-
ally, polymorphic sites were identified using DnaSP soft-
ware (Librado and Rosas 2009), and haplotype networks
were created from Median-Joining (Bandelt et al. 1999)
with the use of PopArt 1.7 (Leigh and Bryant 2015) just
for A. bifasciatus sequences. All generated sequences
have been submitted to the GenBank database (Appen-
dix Table Al).

Results

Astyanax bifasciatus Garavelo & Sampaio, 2010
Material examined (morphological data). BRAZIL
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* Piquiri river basin, upper Parana river basin: Ano
Novo stream (25°04'39.9"S, 053°5'11.9"W), collected by
Neves M.P,, Larentis C. and Delariva R.L., 12 April 2017
(UFRGS 26224, 5, 52.5-60.4 mm SL), 14 December
2017 (UFRGS 26225, 1, 58.2 mm SL) « Barreiro stream
(25°03"22.7"S, 53°03'58.8"W) collected by Neves M.P.,
Larentis C. and Delariva R.L., 12 April 2017 (UFRGS
26227, 5, 69.6—79.4 mm SL), 14 December 2017 (UFRGS
26229, 4, 51.4-72.3 mm SL; UFRGS 26249, 1, 75.0 mm
SL) e Carreira stream (24°58'52.1"S, 053°16'15.8"W),
collected by Neves M.P, Larentis C. and Delariva R.L.,
29 March 2017 (UFRGS 26231, 5, 74.4-91.3 mm SL), 4
August 2017 (UFRGS 26231, 2, 56.4-65.5 mm SL), 3
January 2018 (UFRGS 26253, 2, 74.0-80.2 mm SL)
Piquirizinho stream (25°04'12.7"S, 053°11'22.6"W), col-
lected by Neves M.P., Larentis C. and Delariva R.L., 29
March 2017 (UFRGS 26237, 8, 59.9-70.2 mm SL), 19
December 2017 (UFRGS 26239, 4, 55.0-60.3 mm SL) ¢
Aroeira stream (24°55'47.4"S, 053°24'33.9"W), collected
by Neves M.P., Larentis C. and Delariva R.L., 20 March
2017 (UFRGS 26240, 5, 77.9-63.7 mm SL) ¢ Iguacu
river basin: Arquimedes stream (25°09'10.2"S, 053°16'
41.9"W), collected by Neves M.P.,, Larentis C. and
Delariva R.L., 27 July 2017 (UFRGS 26235, 10, 69.4—
93.1 mm SL), 18 December 2017 (UFRGS 26258, 1 73.5
mm SL) ¢ Salto stream (25°04'06.9"S, 053°13'59.6"W),
collected by Neves M.P., Larentis C. and Delariva R.L.,
14 March 2017 (UFRGS 26242, 5, 50.1-77.9 mm SL), 25
July 2017 (UFRGS 26243, 5, 45.1-51.4 mm SL) * Bom
Retiro stream (25°04'48.4"S, 053°24'02.9"W), collected
by Neves M.P., Larentis C. and Delariva R.L., 28 July
2017 (UFRGS 26244, 10, 77.9-100.1 mm SL) * Pedreg-
ulho stream (25°6'7.2"S, 53°18'42.2"W), collected by
Neves M.P., Larentis C. and Delariva R.L., 27 July 2017
(UFRGS 26247, 5, 56.1-82.0 mm SL), 18 December 2017
(UFRGS 26248, 5, 62.1-74.4 mm SL; UFRGS 26251, 3,
46.5-80.5 mm SL).

Comparative material examined. BRAZIL < Piquiri
river basin, upper Parana river basin: Astyanax aff. fas-
ciatus: Aroeira stream (24°55'47.4"S, 053°24'33.9"W),
collected by Neves M.P., Larentis C. and Delariva
R.L., 11 January 2018 (UFRGS 26256, 1, 62.0 mm SL)
* Astyanax aff. paranae: Carreira stream (24°58'52.1"S,
053°16'15.8"W), collected by Neves M.P., Larentis C.
and Delariva R.L., 3 January 2018 (UFRGS 26252, 2,
50.1-54.5 mm SL) ¢ Astyanax lacustris: Aroeira stream
(24°55'47.4"S, 053°24'33.9"W), collected by Neves M.P.,
Larentis C. and Delariva R.L., 11 January 2018 (UFRGS
26255, 1, 84.2 mm SL) * Astyanax bifasciatus: rio Iguagu
basin: stream in Palmas PPBIO (26° 30'33"S, 51°36'50"W),
collected by Dala-Corte R., Camana M., Dalmolin M. and
Jacob C., 20 January 2016 (UFRGS 22090, 2 of 3, 70.0—
75.5 mm SL) « Municipality of Foz do Iguagu: Tamandu-
azinho river (25.55°S, 054.52°W), collected by Oliveira,
C.and Roxo F. F., 13 September 2012 (LBP 16180, 4, 68.3—
78.1 mm SL) * Astyanax gymnodontus: rio Iguagu basin:
rio Iguagu, municipality of Laranjeiras, collected by
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Garavello J. C., Soares A. S., Rodrigues R. J., Veber
M. J. and Paschoa M. M., 10 November 1990 (UFRGS
11923, 3, 84.7-118.9 mm SL). * Astyanax gymnogenys:
rio Timbo basin: rio dos Pardos (26.43°S, 050.96°W), col-
lected by Geuster C. J. and Spier E. F., 27 November 2010
(UFRGS 14070, 1, 150.6 mm SL). * Astyanax minor: rio
Iguacgu basin: Reservatdrio Vossoro, tributary of rio Sdo
Jodo (25.82°S, 049.07°W), collected by GERPEL team,
June 2007 (UFRGS 14780, 10, 72.1-82.0 mm SL). * Asty-
anax serratus: rio Iguagu basin: rio Lageado, municipal-
ity of Porto Amazonas (25.54°S, 049.89°W), collected
by Bertaco V. A., Artioli L, Wingert J. M., 15 Octo-
ber 2009 (UFRGS 11435, 3,47.4-72.1 mm SL) ¢ Asty-
anax troya: arroyo Cufia Pira basin: Misiones, collected
by Azpelicueta M., Aichino D. and Méndez D., 29 Octo-
ber 2004 (UFRGS 10079, 5, 44.1-61.1 mm SL). * Asty-
anax ribeirae: rio Iguape basin: stream on the road
between Iguape and Icapara (24.08°S, 047.53°W), col-
lected by Bertaco V. A., Carvalho F. R., Jerep, F. C. and
Thomaz A., 27 November 2010 (UFRGS 13689, 3, 36.0—
42.6 mm SL).

Identification. Two hundred and twenty-two represen-
tatives of Astyanax bifasciatus were sampled from five
headwater streams of the Piquiri river basin. Most diag-
nostic characters proposed for those species were con-
firmed in representatives of both basins, with the only
exception being the number of teeth cusps on the inner
premaxillary series, which were pentacuspid in all sam-
pled specimens. Garavello and Sampaio (2010) stated
that 4. bifasciatus have heptacuspid teeth; however, in
their description contradicts that information by stat-
ing that the inner premaxillary teeth have five “penta-
cuspid teeth, rarely 4” (p. 856), similar to the conditions
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observed in all the specimens examined herein (39 from
the Piquiri River and 40 from the Iguagu River). In addi-
tion, the specimens share other meristic (Table 1) and
coloration characters (i.e. fins red in life; the presence of
two humeral blotches; Fig. 2) consistent with the original
description of 4. bifasciatus.

The comparisons between specimens from the
Iguagu and Piquiri rivers employing morphological
(PCA; Fig. 3) and molecular tools (COI gene; Fig. 4,
Appendix Table A2) showed homogeneity between rep-
resentatives of both basins, confirming those samples
represented a single species. Molecular results indicate
a low genetic divergence between the specimens sam-
pled from streams in the Iguagu and the Piquiri basins
(<0.008). In addition, no structure for each basin (Piquiri
and Iguagu) was observed in haplotype distributions
in the network (Fig. 4). The BLAST comparison of the
sequences obtained here with available sequences in
GenBank resulted in a 100% match with A. bifasciatus
from the Iguagu river basin. However, similar matches
were also observed in samples attributed to Astyanax
minor Garavello & Sampaio, 2010 (99.7%), also from the
Iguacu River, and Astyanax aff. intermedius Eigenmann,
1908 (99.8%) from the Jorddo River, a tributary from the
Iguagu River.

Ecological notes. The specimens of A. bifasciatus were
captured synoptically with other species of the genus
reported for the Piquiri river basin, such as 4. aff. fas-
ciatus, A. lacustris, and A. aff. paranae in third-order
streams 4.5 m (mean) wide, 50 cm deep, and moderate
with marginal vegetation (Fig. 5). Several microhabitats
were observed including with backwaters, large pools,
and rapids. The substrates were composed of rocks,

Table 1. Morphometric data of Astyanax bifasciatus specimens originating from the lower Iguacu and Piquiri river basins.

Basin Lower Iguacu River Piquiri River
N Range Mean SD N Range Mean SD
Standard length (mm) 40 451—100.2 72.2 — 39 51.4—913 67.4 —
Percentage of standard length
Predorsal distance 40 48.5—52.8 513 1.0 39 491—53.9 517 1.2
Prepelvic distance 40 13.7—49.4 46.6 13 39 11.6—49.3 458 1.6
Prepectoral distance 40 22.3-26.4 242 1.0 39 20.7—26.0 233 11
Preanal distance 40 61.6—68.2 65.2 19 39 59.3—68.9 64.0 2.0
Depth at dorsal-fin origin 40 30.1—36.9 335 1.6 39 30.3—35.4 32.8 15
Caudal peduncle depth 40 10.1-12.2 11.0 0.5 39 10.2—12.1 1.2 0.4
Caudal peduncle length 40 11.5—14.3 12.6 0.6 39 10.9—13.9 12.6 0.7
Anal-fin base 40 20.9-28.3 242 15 39 21.8=27.0 23.8 15
Dorsal fin length 40 20.1-26.8 24.0 14 39 21.0-26.2 235 11
Pelvicfin length 40 13.8—18.6 16.2 12 39 13.7-171 15.6 0.8
Pectoral fin length 40 181-23.5 214 13 39 181-23.8 20.9 1.0
Head length 40 22.8=27.0 245 11 39 23.0-26.2 246 0.6
Percentage of head length
Snout length 40 23.6—31.8 29.0 13 39 26.8—31.8 294 14
Upper jaw length 40 33.3—44.0 371 21 39 32.6—42.1 36.4 19
Orbital diameter 40 31.0 —39.3 347 2.0 39 30.0 — 377 344 17
Interorbital width 40 292 —35.6 316 14 39 26.4—34.8 31.8 15
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Figure 2. Astyanax bifasciatus. A. UFRGS 26235, 85.0 mm SL, Arquimedes stream, lower Iguacgu river basin, Parana, Brazil. B. UFRGS 26231,
91.3 mm SL, Carreira stream, Piquiri river basin, upper Parana river basin, Parana, Brazil.
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Figure 4. Genetic analyses of Astyanax bifasciatus in streams of lower Iguacu and Piquiri river basins based on COIl gene. A. Neighbor-
joining tree of 13 sequences (Table A1) using genetic distances, with the branch lengths equivalent to the number of base substitutions
per site. Bootstrap values (1000 replications) are indicated next to the branches. Blue: specimens from Iguacu River basin. Red: specimens
from Piquiri river basin, upper Parana River basin. B. Haplotype network of A. bifasciatus. Traces in each branch refer to number of muta-

tional steps between haplotypes.

gravel, and pebbles, and the water flow was moderate.
The areas around the Ano Novo, Barreiro, and Piquiriz-
inho streams are deforested, whereas the Carreira stream
has its headwaters within a conservation unit (Centro de
Educacdo Ambiental Suely Marcondes de Moura Fes-
tugatto, Cascavel city). The Aroeira stream is within
the city of Cascavel and is impacted by pollution and
urbanization.

Preliminary results from stomach content analysis
of 130 specimens corroborate the omnivorous habit of
A. bifasciatus, as suggested by Neves et al. (2015); the
diet consists mainly of aquatic (Ephemeroptera) and ter-
restrial insects (Coleoptera and Hymnoptera), seeds, and
detritus.

Discussion

Astyanax bifasciatus is the most abundant species in the
Iguagu river basin (Baumgartner et al. 2012). It is omniv-
orous and easily found in several streams (Neves et al.
2015; Delariva et al. 2018). The species is recognized
as highly resilient to many stressors caused by human
activities, such urbanization and agriculture (Nimet et
al. 2020). Herein, the morphological, meristic, and mor-
phometric characters obtained from the specimens col-
lected in the streams of the Piquiri River are largely
congruent with those provided by Garavello and Sam-
paio (2010) and observed for the Iguagu River specimens
examined herein, despite the imprecise diagnosis of that
species. In addition, the molecular tools also confirm
that both samples represent a single species, justifying
their identification as A. bifasciatus.

The absence of structure between the two basins
in the haplotype network points to a single population,
although the present data is unable to determine the

presence of gene flow between representatives of both
basins neither other biogeographic processes behind
each possible scenario. On the other hand, considering
the small genetic distance between the samples of A.
bifasciatus examined herein, the isolation of the Iguacu
river basin (~22 mya, Oligo-Miocene period) with the
uplift of the Iguagu Falls (Severi and Cordeiro 1994),
does not explain the current distribution pattern of the
species. A similar scenario was observed by Morais-
Silva et al. (2018) with Trichomycterus davisi (Haseman
1911) and T. stawiarski (Miranda Ribeiro 1968), spe-
cies that were initially considered endemic to the Iguagu
river basin, but are also present in the Piquiri and the Ivai
river basins, and consist of a single population.
Considering yet the efficiency of the COI marker to
elucidate taxonomic problems (Kwong et al. 2013; Ros-
sini et al. 2016), the similarity between the sequences
and those identified as “4. minor” (99.7%), from the
Iguagu River, and ‘4. aff. intermedius” (99.8%), from
the Jordao River (Iguagu river basin), seem indicative
of a single species being mistakenly identified under at
least three different names. Although the present results
indicate a broader distribution for A. bifasciatus and
refutes the endemism of the species for the Iguagu river
basin, other studies did not detect the species in river
basins adjacent to the Iguagu River, such as the survey
on the main channel and tributaries of the Piquiri river
basin (Cavalli et al. 2018). The absence of A. bifascia-
tus in Cavalli et al.’s checklist may be due to both the
difficulty in the identification of Astyanax species, but
also in the assumption that A. bifasciatus of Garavello
and Sampaio (2010) was endemic to the Iguagu river
basin. Similarly, it is possible that A. bifasciatus might
be present in adjacent drainages such as the Ivai and the
Tibagi river basins (Viana et al. 2013; Claro-Garcia et
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Figure 5. Localities where Astyanax bifasciatus specimens were recorded in Piquiri river basin, upper Parand river basin. A. Ano Novo. B.
Barreiro, both from sub-basin of the Tourinho River. C. Piquirizinho. D. Carreira, both from sub-basin of the Piquirizinho River. E. Aroeira,

from sub-basin of the Melissa River.

al. 2018). In addition, it is necessary to investigate the
border regions between those basins to better understand
the processes that lead to the sharing of this species and
possibly other species currently considered endemic of
the Iguacu River. Finally, a robust and integrative tax-
onomic review of Astyanax in the Iguagu and adjacent
river basins would elucidate the distribution pattern of
the species and provide accurate tools for the identifica-
tion of Astyanax samples in those basins.
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Appendix

Table A1. Voucher number and genetic sequences accession numbers (GenBank) of Astyanax bifasciatus specimens and other syntopic
Characidae species from the basins of the lower Iguacu River and Piquiri River (upper Parana river basin) generated in this study.

Specimen voucher Accession number Species Basin
UFRGS 26251(TEC 8953A) MK557882 A. bifasciatus Iguacu
UFRGS 26251(TEC 8953B) MK557883 A. bifasciatus Iguacu
UFRGS 26251 (TEC8953C) MK557884 A. bifasciatus Iguacu
UFRGS 26258 (TEC 8960) MK557881 A. bifasciatus Iguacu
UFRGS 26253 (TEC8955A) MK557885 A. bifasciatus Piquiri
UFRGS 26253 (TEC 8955B) MK557886 A. bifasciatus Piquiri
UFRGS 26249 (TEC 8951) MK557880 A. bifasciatus Piquiri
UFRGS 26256 (TEC 8958) MN053307 A. aff. fasciatus Piquiri
UFRGS 26252 (TEC 8954A) MN053305 A. aff. paranae Piquiri
UFRGS 26252 (TEC 8954B) MN053306 A. aff. paranae Piquiri
UFRGS 26255 (TEC 8957) MNO053308 A. lacustris Piquiri
UFRGS 26250 (TEC 8952A) MN053303 B. ikaa () Iguacu
UFRGS 26250 (TEC 89528B) MN053304 B. ikaa (1) Iguacu

Table A2. Pairwise distance between of the Astyanax bifasciatus specimens and other syntopic Characidae species from the basins of the
lower Iguacu River and Piquiri River (upper Parana river basin) generated in this study. | = Iguacu river basin, P = Piquiri river basin.

1 2 3 4 5 6 7 8 9 10 n 12 13
1.TEC8960 A bifasciatus (1) —
2.TEC8953A  A. bifasciatus (1) 0.006 —
3.TEC8953B  A. bifasciatus (1) 0.005 0.008 —
4.TEC8953C  A. bifasciatus (1) 0.003 0.006 0.005 —
5.TEC8955A  A. bifasciatus (P) 0.002 0.005 0.003 0.002 —
6.TEC8955B  A. bifasciatus (P) 0.002 0.005 0.003 0.002 0.000 —
7.TEC8951 A. bifasciatus (P) 0.003 0.006 0.005 0.003 0.002 0.002 —
8.TEC8954A  A. aff. paranae (P) 0.034 0.034 0.032 0.034 0.032 0.032 0.034 —
9.TEC8954B  A.aff.paranae (P) ~ 0.034 0.034 0.032 0.034 0.032 0.032 0.034 0.000 —
10.TEC8958  A.aff. fasciatus (P) ~ 0.036 0.039 0.034 0.036 0.034 0.034 0.036 0.022 0.022 —
11.TEC8957 A lacustris (P) 0.153 0.157 0.155 0.155 0.155 0.155 0.153 0.156 0.156 0.162 —
12.TEC8952A  B.ikaa (1) 0.227 0.223 0.229 0.229 0.229 0.229 0.227 0.227 0.227 0.233 0.212 —
13.TEC8952B  B.ikaa (I) 0.227 0.223 0.229 0.229 0.229 0.229 0.227 0.227 0.227 0.233 0.212 0.000 —




