BRraziLIAN 4=
JOURNAL oF
BioLocy*

ISSN 1519-6984 (Print)
ISSN 1678-4375 (Online)

Original Article

Environmental and ichthyofaunistic characteristics of
Amazonian streams with and without fish farm

Caracteristicas ambientais e ictiofaunisticas de riachos amazonicos
com e sem viveiros de peixes

S. M. Santos®* @, A. T. Oliveira** @, P. H. R. Aride® @, A. R. S. Liebl* @, F. P. Mendonga*© @, J. Zuanon¢

and J. Pantoja-Lima©

3[nstituto Federal de Educacdo, Ciéncia e Tecnologia do Amazonas - IFAM, Campus Manaus Zona Leste, Manaus, AM, Brasil

bInstituto Federal de Educagao, Ciéncia e Tecnologia do Amazonas - IFAM, Campus Manaus Centro, Manaus, AM, Brasil

“Instituto Federal de Educacdo, Ciéncia e Tecnologia do Amazonas - [FAM, Campus Presidente Figueiredo, Presidente Figueiredo, AM, Brasil
dInstituto Nacional de Pesquisas da Amazdnia - INPA, Manaus, AM, Brasil

Abstract

The environmental impacts caused by fish farming can lead to changes in aquatic ecosystems, especially in fish
communities. In this study, we investigated possible changes in water quality, in the number of species and individuals
of the same species caused by the construction of fish nurseries in dammed Amazonian streams. For this purpose,
four streams located in the municipalities of Novo Airdo and Presidente Figueiredo were selected. Samples were
collected in streams without fish farming and in streams with stretches used for fish farming, where collections took
place both downstream and upstream. The fish were captured, identified, quantified and the water was collected for
physical and chemical analyses, in addition to the environmental characterization that was carried out. Comparisons
were made using fish richness and abundance indices between the sampled points and correspondence analysis of
the species identified at the collection sites, using the Mantel test and principal component analysis (PCA) for the
environmental characteristics of the water and variables physical and chemical, and permutational multivariate
analysis of variance (PERMANOVA) to verify the possible effects of species composition on the sampled conditions
and on the analyzed environmental variables. In total, 2,302 fish belonging to 53 species, 15 families and six orders
were found. We conclude that the Amazonian streams dammed for fish farming, under the analyzed conditions,
can be characterized as environments with different and specific levels of richness and abundance, however, the
data set analyzed in this study did not show that these characteristics are directly related to productive activity. We
recommend that further studies be carried out following the current research.
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Resumo

Os impactos ambientais causados pela piscicultura podem levar a alteragdes nos ecossistemas aquaticos, principalmente
nas comunidades de peixes, na qualidade da dgua e na estrutura do meio. Neste estudo, nés investigamos possiveis
mudangas na qualidade da dgua, na quantidade de espécies e de individuos de uma mesma espécie causadas pela
construcdo de viveiros de peixes em riachos amazonicos represados. Para tanto, quatro riachos localizados nos
municipios de Novo Airdo e Presidente Figueiredo foram selecionados. Foram coletadas amostras nos riachos sem
piscicultura e nos riachos com trechos utilizados para piscicultura, onde as coletas aconteceram tanto a jusante
quanto a montante. Os peixes foram capturados, identificados, quantificados, e a dgua foram coletadas para realizagdo
de analises fisicas e quimicas, além da caracterizacdo ambiental que foi realizada. As comparagoes foram feitas
por meio dos indices de riqueza e abundancia de peixes entre os pontos amostrados e andlise de correspondéncia
das espécies identificadas nos locais de coleta, utilizando teste de Mantel e analises de componentes principais
(PCA) para as caracteristicas ambientais da dgua e variaveis fisicas e quimicas, e andlise de variancia multivariada
permutacional (PERMANOVA) para verificar os possiveis efeitos da composigdo das espécies nas condigoes amostradas
e nas variaveis ambientais analisadas. No total, foram capturados 2.302 peixes pertencentes a 53 espécies, 15 familias
e seis ordens. Concluimos que os riachos amazonicos represados para piscicultura, nas condi¢des analisadas, podem
ser caracterizados como ambientes com diferentes e especificos niveis de riqueza e abundancia, no entanto, o conjunto
de dados analisados neste estudo ndo mostraram que estas caracteristicas estdo diretamente relacionadas a atividade
produtiva. N6s recomendamos que mais estudos sejam realizados dando sequéncia a atual pesquisa.

Palavras-chave: abundancia de espécies, riqueza de espécies, fluxo do riacho, piscicultura, qualidade da agua.
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1. Introduction

The interference in the natural environment provided
by the production of aquatic organisms can impact the
quality of water, soil and fish communities, in addition to
negatively influencing human health (Stabili et al., 2022).
In the Brazilian Amazon region, a fish production system
can be found that occurs within streams, damming their
water (Benini et al., 2014; Freitas et al., 2022).

This productive model tends to have different impacts
on water quality and on the species that live upstream and
downstream of the dams in the streams, in addition to being
potentiated as a pollutant because the effluents from the
nurseries are released into the environment (Benini et al.,
2014). The activity also changes the morphology of the
stream channel with the possibility of effects on the
structure and trophic categories of the fish assemblages,
since, in the construction of the nurseries, it is necessary
to remove part of the riparian forest and its substrates
(Honji et al., 2017). However, based on the raceway
system, this production system has good acceptance and
easy adaptation, and is seen as an alternative to keep
fish farming in the field, reducing the rural exodus in the
region (Santos et al., 2020).

Pantoja-Lima et al. (2015), state that although structured
fish farming in streams is regulated by federal law, little
is known about its impacts on natural fish communities
along streams (from upstream to downstream) in Central
Amazonia. However, it is known that conservation aspects,
such as forest maintenance, are of great importance for
fish communities, whether on a local scale (Lo et al., 2020)
or multiscale (Yirigui et al., 2019). In addition, changes in
riparian forests and in the environmental characteristics
of streams, such as the soil, can cause a reduction in the
biodiversity of native species (Paula et al., 2022).

Freitas et al. (2022) spatially analyzed small-scale dams
that are used for fish production and hydroelectric power
in the Amazon and found them to be highly concentrated
in the region. The researchers attribute to these dams on
the streams the probable cause of major impacts on the
local aquatic environment and recommend increasing the
number of protected areas and making licensing more
difficult, aiming at better control of these activities, which
would favor the conservation of many species of fish.

About 31% of the world’s freshwater fish species, which
includes tropical fish, are listed by the [UCN as endangered,
which makes them more sensitive to environmental
degradation (Tagliacollo et al., 2021). The number of species,
or richness, and the number of individuals of the same
species, or abundance, necessary to establish populations
in a location depends on the intrinsic characteristics of
the environment and the species (Duarte et al., 2022).

Thus, the current study aims to characterize the
environment in terms of water quality and identify and
quantify the ichthyofauna (in terms of richness and
abundance) of streams that have dammed sections (nursery)
for fish production. During the study, data from streams
without fish nurseries are compared with data from streams
with ponds, in addition to being evaluated both downstream
and upstream. The main question is whether the perceived
alterations can be related to the productive activity.
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2. Materials and Methods

2.1. Study area

The investigated locations are located in the North
region of Brazil in the Amazon biome. The Amazon region
is characterized by dense forest, a vast water system, hot
and humid equatorial climate with temperatures ranging
from 24 to 38° C. The selected areas were the municipalities
of Presidente Figueiredo (PF; left bank of the Negro River;
Figure 1A) and Novo Airdo (NA; right bank of the Negro
River; Figure 1B), both located in the state of Amazonas,
Brazil (CPRM, 1998). Sampling took place between October
2016 and November 2017. The investigated locations are
located in the Metropolitan region of Manaus (capital of the
state of Amazonas). Presidente Figueiredo is a municipality
located approximately 100 km from the capital, while
Novo Airdo is about 200 km from the capital.

2.2. Environmental characterization in streams with and
without nurseries

Under authorization from the Chico Mendes Institute
for Nature Conservation through approvals SISBIO/ICMBIO
n® 51874-1 and n® 55949-1, the geographic coordinates
were registered with Garmin Etrex® GPS equipment under
the Datum WGS84 system. In each study area, 12 streams
were sampled, 8 SWON - stream without nurseries and
4 SWN - stream with nurseries. The sampling points
consisted of the demarcation of stretches of 50 meters,
with measurements and collections (water and fish) carried
out to characterize the studied environments.

Sampling was done at one point, for streams without
nurseries, and at two points, for streams with nurseries
(50m; one upstream and the other downstream). At each
collection point, the structure was sampled by measuring:
a) Average channel width (W): calculated in meters from

the average of four equidistant measurements along

the stretch;
b) Average flow (m’.s™): obtained by relating average velocity,
width, and depth, using the formula Q = A.Vm, where

Q = flow rate, Vm = mean speed of the current, A = mean

transactional area in the cross-section of the watercourse;
¢) Types of substrates: classified into nine categories;

sand, pebbles, stones, clay, tree trunks (wood greater
than 10 cmin diameter), litter (composed of leaves and
small twigs), fine litter (delicate particulate matter),
roots (tangles of roots, primarily delicate, from marginal
vegetation) and macrophytes (aquatic vegetation). The
general substrate composition of each stream was
characterized by the frequency of occurrence (%) of
each substrate type.

The selected nurseries were built with materials such
as plastic screens and wood, both on the sides and the
water inlet and outlet, without professional support.
All nurseries were populated with an average density
of 20-80 fish-'.m?>. For the current study, the data were
standardized (Guedes et al., 2012).

2.2.1. Physical and chemical variables of water

Following the Standard Method for Examining Water
and Sewage (APHA, 2012), the following physical and
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Figure 1. Map of sampling sites in the Brazilian Amazon. (A) Municipality of Presidente Figueiredo (PF), Amazonas, Brazil; sampling
points in PF; (B) Municipality of Novo Airdo, Amazonas, Brazil; sampling points.

chemical variables were evaluated: pH (Alfakit®, model
AT-315), temperature (°C), dissolved oxygen (mg.L™")
(Alfakit®, model AT-150), ammonia (mg.L!), nitrite
(mg.L"), nitrate (mg.L"), orthophosphate (mg.L"), total
phosphorus (mg.L") and total solids (mg.L"). In addition,
the average and maximum average depths (Zn) were
measured, calculated (m) from nine equidistant probes in
four transversals along the stretch, and the average current
velocity, determined from the average between four points
arranged in the center from the channel.

Water samples were collected in the center of the
stream and the middle of the water column using an
amber-colored bottle (500 mL), which was stored in a
thermal box with ice. All measurements and collections
were carried out during the day (9 am - 2 pm) and before
the experimental fishing activities.

2.3. Ichthyofaunistic characterization: collection of fish in
the downstream and upstream streams with and without
nurseries

The sampling of fish in streams was carried out according
to the methodology described by Mendonga et al. (2005),
with adaptations. In all collection sites, fence and hand
nets were used with standardized fishing effort - four
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collectors for 90 minutes of collection in the same stretch
(50 meters of stream).

The specimens were euthanized with eugenol
anesthetic, fixed in 10% formalin, and stored in 70% alcohol.
First, the taxonomic identification was carried out using
dichotomous keys, specialized literature, and the help of
specialized researchers.

2.4. Statistical analysis

For the ichthyofauna, values of richness and abundance
were evaluated. Correspondence analysis (CA) was performed,
with sample points being objects and species. The Jaccard
coefficient was calculated, ranging from 0 (=different) to
1 (total similarity), according to Mendonga (2010), and these
values were used in the permutational multivariate analysis
of variance (PERMANOVA; Anderson and Walsh, 2013).

According to Guedes et al. (2012), data were standardized
for environmental and water quality variables. In addition,
the Mantel Test and principal component analysis (PCA)
of the streams were applied, comparing the conditions
SWN-U (streams with nurseries with upstream sampling)
and SWN-D (streams with nurseries with downstream
sampling) on SWON. The statistical programs used were
the PAST 3.0 software.
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3. Results

3.1. Environmental characterization of streams with and
without nurseries and physical and chemical water variables

The physical, chemical, and environmental variables of
the Novo Airdo stream SWON and SWN-U (Supplementary
Material Figure 1S A-B) indicate that the most significant
contributions in the first axis (PC 1) were from temperature
(TEMP), average width (LM), average depth (PF) and
maximum (pm), surface velocity (Vs) and average flow
(vz). For the second axis (PC 2), those that contributed
to the variation were pH, electrical conductivity (COND),
nitrate (nitra), total phosphorus (Ft), and total suspended
solids (sts). For SWON and SWN-D, the greatest indications
of contributions occurred in the PC 1 variation regarding
nitrite (Nitri), orthophosphate (Ortho), total suspended
solids (sts), average width (Im), average depth (pf) and
maximum depth (pm). There were no variations between
the sampling points (upstream, downstream and controls)
for pH, temperature, electrical conductivity and dissolved
oxygen for the two study areas (Supplementary Material
Figure 2S A-B). There were oscillations in the speed of
surface water and the average flow of streams, but these are
related to the characteristics of each environment sampled.

The physical and chemical variables of water and other
environmental variables of the Presidente Figueiredo SWON
and SWN-U streams (Supplementary Material Table 1S)
showed that the greatest contributions to the variation of
the first axis (PC 1) were temperature (TEMP), electrical
conductivity (COND), nitrate (nitra), nitrite (nitri), total
phosphorus (ft) and orthophosphate (Ortho). For the
second axis (PC 2), those that contributed to the variance
were: pH, average width (Im), average depth (pf) and
maximum depth (pm). For Presidente Figueiredo SWON
and SWN-D streams, the variance contribution of the first
axis (PC 1) came from nitrate (nitra), total phosphorus
(ft), orthophosphate (Ortho), average width (Im), average
depth (pf) and of the maximum depth (pm).

Regarding the types of substrates sampled, sand, litter
and roots were present (Supplementary Material Table
2S). Novo Airdo presented three types and Presidente
Figueiredo, five types. During sampling, the presence of
substrates such as trunks, aquatic macrophytes and gravel
was not detected in Novo Airdo.

3.2. Ichthyofaunistic characterization: fish collected in
the downstream and upstream streams with and without
nurseries

In Novo Airdo, 793 fish were captured, comprising
33 species distributed in 5 orders and 11 families.
Characiformes was the most representative order with
86.1%, while Siluriformes and Synbranchiformes had less
than 5% each.

In the control streams (SWON - streams without
nurseries), 636 fish of species belonging to 26 species,
four orders and nine families (Table 1) were captured.
The Characiformes was the most representative, with 89.3%
of the fish captured; this was followed by Cichiliformes
and Cyprinodontiformes with about 5% each, but with the
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lowest richness with only one species for each order. Finally,
Siluriformes accounted for less than 1%, with one species.

In streams with nurseries and upstream sampling
(SWN-U), 74 fish from 14 species, three orders and six
families (Table 1). The most representative order was
Characiformes, with ten species, followed by Cichiliformes,
with three species (8.1%), and Synbranchiformes, with
one species (2.7%).

In streams with nurseries and downstream sampling
(SWN-D), 83 fish were captured, belonging to 14 species,
three orders and seven families (Table 1). Characiformes
remained the most representative, with nine species
(49 fish), which represents 59% of the collected fish,
followed by Cichiliformes with 38.5% (47.5 g) and
Siluriformes with only two specimens (one species).

In Presidente Figueiredo, 1509 fish were captured,
belonging to 30 species, in five orders and 13 families.
Characiformes represented 93.4% of the total number
of fish, followed by Cichiliformes with 5.6% and
Cyprinodontiformes, Gymnotiformes, and Siluriformes
with less than 1% each. Only the species Hyphessobrycon
melasonatus (Durbin, 1908), Pyrrhulina gr. brevis and
Aequidens pallidus (Heckel, 1840) had specimens captured
at all collection points and in both study areas. Only five
species had an abundance more significant than 8% of the
total found in the two basins: Hyphessobrycon cf. needle
(22.07%), Pyrrhulina gr. brevis (13.35%), H. melasonatus
(12.66%), Copella nigrofasciata (Meinken, 1952) (8.77%)
and Bryconops giacopinni (Fernandez-Yépez, 1950)(8.12%).

In the SWON, 650 fish belonging to 20 species,
four orders and nine families (Table 1) were collected.
Characiformes accounted for 89.5% of the fish captured,
followed by Cichiliformes with almost 10%, Siluriformes,
and Gymnotiformes with less than 1%. In streams with
nursery and upstream sampling (SWN-U), 151 fish were
captured, belonging to 14 species, five orders and seven
families (Table 1). Characiformes showed the highest
richness (eight species). Cichiliformes had only two species,
followed by Gymnotiformes (2 species), Siluriformes, and
Cyprinodontiformes with only one species each.

In streams with nurseries and sampling downstream
(SWN-D), 708 fish of 12 species, three orders and five
families (Table 1). Characiformes had the highest richness
(nine species), followed by Cichiliformes with two species,
while Siluriformes had only one.

In Novo Airdo (Figure 2A), some species were related to
a single sampling point. In common, in the three sampling
points (upstream, downstream, and a control site), the
following eight species were grouped: Gnathocharax
steindachneri (Fowler, 1913) (Gste), Iguanodectes geisleri
(Géry, 1970) (Igei), H. melasonatus (Hmel), Crenuchus
spirulus (Giinther, 1863) (Cspi), Erythrinus erythrinus (Bloch
& Schneider, 1801) (Eery), C. nigrofasciata (Cnig), Pyrrhulina
gr brevis (Pbre) and A. pallidus (Apal). The other sampled
points that had species in common were the control site
(SWON) and the upstream site (SWN-U) with Bryconops
humerais (Machado-Allison, Chernoff & Buckup, 1996)
(Bhum), Nannostomus marginatus (Eigenmann, 1909) (Nmar),
and the species Bryconops inpai (Knoppel, Junk & Géry,
1968) (Binp), Crenicichla inpa (Ploeg, 1991) (Cinp), which
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Table 1. Composition of fish species captured in Novo Airdo and Presidente Figueiredo.

Localization
Fish captured
NOVO AIRAO PRESIDENTE FIGUEIREDO
(Species, order, and family) SWON SWN-U SWN-D SWON SWN-U SWN-D
Characiformes
Acestrorhynchidae
Acestrorhynchus falcatus (Bloch, 1794) 0 0 0 1 0 0
Anastomidae
Pseudanos varii (Birindelli, Lima & Britski, 2012) 1 0 0 0 0 0
Characidae
Gnathocharax steindachneri (Fowler, 1913) 1 3 1 0 0 0
Hemigrammus analis (Durbin, 1909) 8 0 0 0 0 0
Hemigrammus bellottii (Steindachner, 1882) 45 0 0 17 22 0
Hemigrammus coeruleus (Durbin, 1908) 1 0 0 0 0 0
Hemigrammus cf. pretoensis (Géry, 1965) 0 0 0 5 0 0
Hemigrammus vorderwinkleri (Géry, 1963) 4 0 0 0 0 0
Hyphessobrycon cf. agulha (Fowler, 1913) 1 0 0 0 0 510
Hyphessobrycon aff. melazonatus (Durbin in Eigenmann, 1908) 10 2 1 232 47 1
Iguanodectidae
Bryconops cf. caudomaculatus (Giinther, 1864) 0 0 0 45 0 0
Bryconops giacopinii (Fernandez-Yépez, 1950) 7 0 0 127 3 51
Bryconops humeralis (Machado-Allison, Chernoff & Buckup, 1996) 33 2 0 0 0 0
Bryconops inpai (Knéppel, Junk &Géry, 1968) 0 3 2 58 18 14
Iguanodectes geisleri (Géry, 1970) 6 1 2 0 0 0
Iguanodectes variatus (Géry, 1993) 0 0 0 46 0 0
Characidae
Hyphessobrycon sp 0 0 0 0 10 0
Moenkhausia comma (Eigenmann, 1908) 0 0 0 0 0 1
Moenkhausia copei (Steindachner, 1882) 0 0 0 22 0 24
Chenuchidae
Crenuchus spilurus (Glinther, 1863) 10 36 24 1 0 0
Odontocharacidium aphanes (Weitzman & Kanazawa, 1977) 0 0 1 0 0 0
Elachocharax pulcher (Myers, 1927) 1 0 0 0 0 0
Microcharacidium weitzmani (Buckup, 1993) 8 0 0 0 0 0
Erythrinidae
Erythrinus erythrinus (Bloch & Schneider, 1801) 2 1 1 0 0 0
Hoplerythrinus unitaeniatus (Spix & Agassiz, 1829) 0 0 0 0 0 1
Lebiasinidae
Copella nattereri (Steindachner, 1876) 44 0 0 0 0 0
Copella nigrofasciata (Meinken, 1952) 191 1 1 0 0 0
Nanostomus eques (Steindachner, 1876) 1 0 0 0 0 0
Nanostomus marginatus (Eigenmann, 1909) 1 1 0 0 19 15
Pyrrulina aff. brevis (Steindachner, 1876) 192 16 6 4 20 70
Pyrrulina semifasciata (Steindachner, 1876) 1 0 0 24 1 0

SWON: streams or without nurseries; SWN-U: streams with nurseries with upstream sampling; SWN-D: streams with nurseries with
downstream sampling.
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Table 1. Continued...

Localization
Fish captured —
NOVO AIRAO PRESIDENTE FIGUEIREDO
(Species, order, and family) SWON SWN-U SWN-D SWON SWN-U SWN-D
Cyprinodontiformes
Rivulidae
Laimosemion cf. romeri (Costa, 2003) 33 0 0 0 0 0
Rivulus micropus (Steindachner, 1863) 0 0 0 0 2 0
Gymnotiformes
Gymnotidae
Gymnotus coropinae (Hoedeman, 1962) 0 0 0 1 0 0
Hypopomidae
Microsternarchus cf. bilineatus (Fernandez-Yépez, 1968) 0 0 0 1 1 0
Sternopygidae
Sternopygus macrurus (Bloch & Schneider, 1801) 0 0 0 0 1 0
Peciformes
Cichlidae
Acanonia nassa (Heckel, 1840) 0 1 0 0 0 0
Aequidens pallidus (Heckel, 1840) 31 4 23 57 5 19
Apistograma cf. regani (Kullander, 1980) 0 0 0 1 1 0
Apistogramma gephyra (Kullander, 1980) 0 0 1 0 0 0
Apistogramma hippolytae (Kullander, 1982) 0 0 0 0 0 1
Crenicichla alta (Eigenmann, 1912) 0 0 0 1 0 0
Crenicichla inpa (Ploeg, 1991) 0 1 1 0 0 0
Heros sp. 0 0 7 0 0 0
Siluriformes
Cetopsidae
Helogenes marmoratus (Giinther, 1863) 0 0 0 0 1 0
Heptapteridae 0 0 0 0 0 0
Brachyglanis frenatus (Eigenmann, 1912) 0 0 0 4 0 0
Myoglanis koepckei (Chang, 1999) 0 0 0 0 0 1
Rhamdia sp. 1 0 0 0 0 0
Loricariidae
Acestridium discus (Haseman, 1911) 2 0 2 0 0
Acestridium gymnogaster (Reis & Lehmann A., 2009) 1 0 0 0 0
Ancistrus aff. hoplogenys (Glinther, 1864) 0 0 0 2 0 0
Rineloricaria lanceolata (Giinther, 1868) 0 0 0 1 0 0
Synbranchiformes
Synbranchus sp. 0 2 0 0 0 0
Total 636 74 83 650 151 708
Number of species 26 14 14 20 14 12
SWON: streams or without nurseries; SWN-U: streams with nurseries with upstream sampling; SWN-D: streams with nurseries with
downstream sampling.
were captured at upstream and downstream points and In Presidente Figueiredo, the species associated with the

allowed the points to be clustered in the center of Figure 2A.  sampling sites (upstream, downstream, and control) are in
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Figure 2B. PtoS1, PtoS2, and PtoS3 represent overlapping
species collected at only one of the sites, PtoS1 being
downstream, PtoS2 upstream, and PtoS3 control. Between
upstream and downstream, only the species N. marginatus
(Nmar) and Pyrrhulina gr. brevis (Pbre) are more related.
The species present in the three sampling points (upstream,
downstream, and control) were: B. giacopinii (Bgia), B. inpai
(Binp), H. melasonatus (Hmel), Pyrrhulina gr. brevis (Pbre)
and A. pallidus (Apal).

The SWN-D sampling points in Presidente Figueiredo
showed a greater abundance of fish due to a large amount
of Hyphessobrycon cf. needle, representing more than 70%
of the specimens. B. giacopinii, Pyrrhulina gr. brevis, and
Hyphessobrycon needle, accounted for nearly 90% of the
fish caught at this point.

In all (streams with and without nurseries), 2,302 fish

captured. The ichthyofauna was composed of 31 species
of the order Characiformes (58.5%), eight species of
Cichiliformes (15.1%), eight species of Siluriformes
(15.1%), three species of Gymnotiformes (5.65%), two
species of Cyprinodontiformes (3.77%) and one species
of Synbranchiformes (1.88%).

Within the fish production nurseries installed in the
analyzed streams, the following species were found:
matrinxd (Brycon amazonicus, Agassiz, 1829), tambaqui
(Colossoma macropomum, Cuvier, 1818), pirapitinga
(Piaractus brachypomus, Cuvier, 1818) and pirarucu
(Arapaima gigas, Schinz, 1822). The fish under production
were fed industrialized diets and fruits, however, there was
no control over the diet and other aspects of production.

Only the value of the PERMANOVA analysis (Table 2)
by Presidente Figueiredo (PF) for the upstream sites and

belonging to 53 species, six orders, and 15 families were  without nurseries shows variation between the variables
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Figure 2. Correspondence analysis of sampled streams in Novo Airdo and Presidente Figueiredo for upstream, downstream and control;
grouping in PtoS (overlapping species). a) New Airdo. PtoS: Pseudanos varii (Pvar); Bryconops giacopinii (Bgia); Hemigrammus analis
(Hana); Hemigrammus Belotti (Hebel); Hemigrammus coeruleus (Hcoe); Hemigrammus vonderwinkleri (Hvon); Hyphessobrycon cf. needle
(Hagu); Elachocharax pulcher (Epul); Microcharacidium weitzmani (Mwei); Copella nattereri (Cnat); Nanostomus eques (Nequ); Pyrulina
semifasciatus (Psem), Laimosemion cf. romeri (Lrom) and Rhamdia sp. (Rsp). Other species; b) Presidente Figueiredo. PtoS1: Hyphessobrycon
cf. needle (Hagu); Moenkhausia sp. (Mcom); Hopleritrynus unitaeniatus (Huni); Myoglanis koepckei (Mkoe). PtoS2: Heros sp. (Hsp); Rivulus
micropus (Rimc); Sternopygus macrurus (Smac). PtoS3: Acestrorhynchus falcatus (Afal); Briconops cf. caudomaculatus (Bcau); Iguanodectes
variatus (Ivar); Hemigrammo cf. pretoensis (Hpre); Crenuchus spirulus (Cspi); Gymnotus coropinae (Gcor); Crenicichla alta (Calt); and
Brachyglanis frenata (Bfre). Gste: Gnathocharax steindachneri; Igei: Iguanodectes geisleri; Hmel: Hyphessobrycon melasonatus; Cspi:
Crenuchus spirulus; Eery: Erythrinus erythrinus; Cnig: Copella nigrofasciata; Pbre: Pyrrhulina gr brevis; Apal: Aequidens pallidus; Bhum:
Bryconops humerais; Nmar: Nannostomus marginatus; Binp: Bryconops inpai; Cinp: Crenicichla inpa; Hmar: Helogenes marmoratus; Mkoe:
Myoglanis koepckei; Hbel: Hemigrammus belotti; Areg: Apistograma cf. regani; Mbil: Microsternarchus cf. bilineatus; Psem: Pyrrhulina
semifasciata; Mcop: Moenkhausia copei; Rlan: Rineloricaria lanceolata.

Table 2. PERMANOVA analysis performed from the richness and diversity parameters and the most representative scores of physical
and chemical variables and geoenvironmental characteristics.

Condition TSS SSw F p
SWN-U and SWON 1.066 0.986 0.807 0.485
NA SWN-D and SWON 1.066 0.998 0.675 0.589
SWN-U and SWON 1122 0.713 5.735 0.003
o SWN-D and SWON 0.927 0.761 2.185 0.108

SWON: streams or without nurseries; SWN-U: streams with nurseries with upstream sampling; SWN-D: streams with nurseries with
downstream sampling; TSS: total sum of squares; SSW: sum of the squares within; F: PERMANOVA value; p: probability value; NA: Novo
Airdo; PF: Presidente Figueiredo. Values in bold indicate statistical difference p<0.05.
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and the fish community indices (p<0.05). However, the
Mantel test did not show the existence of a correlation
between the variables and the indices (r= -0.41, p= 0.96,
from 9999 permutations) analyzed at the upstream
(SWN-U) and in streams without nurseries (SWON), did
not prove the effect of fish farms in the sampled streams.

4. Discussion

4.1. The ichthyofauna of Amazonian streams with and
without nurseries

The richness and abundance of species found
in Amazonian streams were like those found by
Santos et al. (2015) who found 13 species in studies in
Amazonian streams. However, other researchers, such as
Mendonga et al. (2005) and Barros et al. (2013), found a
more significant number of species per stream, reaching
an average variation of 4 to 6 per stream.

When comparing the richness of the unaltered
environments (without nurseries) with the altered ones
(with nurseries), it can be seen that in the streams without
nurseries, the richness was more significant both in
Presidente Figueiredo and in Novo Airdo. Despite this, it
is not possible to state that the construction of nurseries
can influence the composition of fish communities in
the sampled locations since, according to Kemenes and
Forsberg (2014), this difference in the composition may
be associated with ecological limitations and tactical
feeding of each species along the longitudinal gradient
of the stream.

The species A. pallidus, H. melazonatus, and P. cf. brevis
were present in all sampled streams. According to the
study by Anjos (2007), their presence indicates that there
is no pollution or that the anthropic impact is low. On the
contrary, species belonging to Poeciliidae, Heptapteridae,
and Loricariidae are indicators of pollution or urbanization
of aquatic ecosystems, as they can tolerate environmental
variations and impacts (Pini et al., 2021). Felipe and Suarez
(2010) reported that streams with anthropic interference
had reduced levels of richness and evenness, which
indicates environmental disturbance, as there is a loss of
some native species and an increase in tolerant species.

The C. nigrofasciata, C. nattereri, and C. spirulus were
captured in greater abundance in places without nurseries
and were few or absent in places with nurseries, which
emphasizes the status of these species as indicators of the
state and quality of conservation of streams. For species that
occurred in only one of the sampling sites (Gnathocharax
steindachneri, Iguanodects variatus, Moenkhausia copei), it
is fair to assume that these differences may be natural, i.e.,
the advantage of species in exploiting the environment to
maximize energy consumption and this characteristic can
influence the dispersal process of the species, as well as the
adaptation to environmental changes (Prado et al., 2020).

Siluriformes were few in the collections in the two study
areas and Gymnotiformes, with four representatives in
Novo Airdo and no representative in Presidente Figueiredo.
As in other studies on ichthyofauna in Amazonian streams,
richness, abundance, and diversity seem to be associated
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with different factors such as collection methodology,
sampling effort, the geological formation of the region (Alter
do Chao formation), and seasonality (Espirito-Santo et al.,
2017). According to Vieira and Shibatta (2007), other factors
influencing diversity, richness, and abundance are streams
with or without anthropic impacts. Sites with anthropic
alterations can modify limnological variations and thus
influence the presence or absence of species (Pereira et al.,
2021). Even with the variations presented, it cannot be
said that fish farming in stream channels influences fish
communities or that these fish communities are causing
these minor environmental disturbances. However, it is
known that if there is an increase in fish farming activity
without any control, such as an increase in the number of
nurseries per stream and no effluent management, there
may be changes in the structure of the communities of
aquatic organisms and the natural courses of the streams
along the stream. over time (Felipe and Starez, 2010).

4.2. Effects of inserting nurseries in Amazonian streams
on physical and chemical water variables, environmental
characteristics and local ichthyofauna

Stream fish communities are strongly related to
geological and environmental variables (Samarkhanov et al.,
2021). The results obtained by the principal component
analysis carried out for Novo Airdo and Presidente
Figueiredo show that the most representative variables
were temperature, conductivity, nitrate, phosphorus and
compounds and total soluble solids. According to Toledo
and Nicolella (2002), these variables may indicate changes
in the aquatic ecosystem due to pollution from the disposal
of domestic, industrial or agricultural waste. In this study,
the collected water samples showed distinct aspects of
clear water and poorly dissolved material, which shows that
they were strongly influenced by geochemical processes
and rainfall in the region (Lemke and Starez, 2013).

Other verified factors that are inherent to the
environmental characteristics were: average width and
average and maximum depth. These factors act on the
structure of fish communities in streams and, together
with the most frequent substrates (sand, litter and roots),
form a diversity of microhabitats (Barros et al., 2013).
Such microhabitats are crucial for some fish families and
constitute shelter and food for several aquatic animals
(Taira et al., 2020). Mortati (2004) found higher rates
of colonization in pools on riverbanks (70%) than on
streambanks (~30%). This characterization emphasizes
the importance of water flow and velocity in streams,
essential factors for the heterogeneity of Amazonian
aquatic environments.

Changes in limnological and environmental
characteristics can directly affect communities of
aquatic organisms in streams, especially fish (Carvalho
and Tejerina-Garro, 2015). When approaching the water
quality of Amazonian streams and their parameters, one
must consider the geomorphological characteristics of
the sites and the annual cycles that are important in the
distribution of ions and dissolved gases in the water column
(Queiroz et al., 2009). Added to this are factors linked to
the increase in water volume during the Amazonian rainy
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season, which can increase the allochthonous material and
nutrient load that feeds the entire Amazonian ecosystem
and thus camouflage a possible change in the environment.

Although effluents from fish farming are released into
the environment, which tends to cause large amounts of
solids dissolved in the water and condition changes in the
electrical conductivity variable, the values found were
low, being 10 to 15 uS.cm. In these streams, the release
of soluble solids did not influence or change the natural
characteristics of the places.

Water nitrogen groups are also worrying variables when
talking about fish farming, and ammonia was present in
all sites collected in this study, according to PCA analyses.
However, the samples collected in Presidente Figueiredo
showed values below the detection limit for the analyzes
carried out in most streams (0.00 mg.L"), and only two
streams (one upstream and the other downstream)
showed values around 0.035 mg.L". Although in Novo
Airdo the values were between 0.012 and 0.055 mg.L, it
is not possible to certify the environmental degradation,
since the modifications and their possible origins along
the gradient of the streams are unknown. Furthermore,
when altered, the nitrogen groups can modify the dissolved
oxygen density in the medium, and fish growth can be
affected when ammonia levels are high (Lu et al., 2020).

According to the PCA, total phosphorus, high in the
sampled sites, is a limiting variable and may be responsible
for the eutrophication of ecosystems such as lakes and rivers
(Tiwari and Pal, 2022). In nurseries, phosphorus can cause
fish mortality and, together with orthophosphate, indicate
excess food offered to fish (Elahi and Khalid, 2022). Given
the above, the values found in this study tend to reflect
the lack of control over the diet of fish kept in nurseries.

The dissolved oxygen values measured upstream were
above the average limit of 5.0 mg.L, as recommended
by CONAMA Resolution n® 357 of 03/17/2005. However,
this variable is directly linked to the current speed in the
rapids and rapids of Presidente Figueiredo and results in
good oxygenation throughout the year. As for temperature
values, they were higher in downstream environments and
streams without nurseries in Novo Airdo, with means like
those found by Arbeldez-Rojas et al. (2002). In art. the values
are close to CONAMA Resolution n® 357 of 03/17/2005.
However, 34 of the Conditions and Norms for Effluent
Disposal establish that effluents must have temperatures
below 40°C. Furthermore, these temperature values for
all sampled points are below the study carried out near
Manaus and in black water areas (Queiroz et al., 2009).

A worrying factor in the implementation of fish farming
in a stream is the deforestation of riparian forests close to
the streams. Riparian forests are necessary for the entire
Amazonian biome and an essential component for fish
communities, as fish depend on food supplies (plants, seeds
and insects), in addition to increasing habitat availability
(Marques et al., 2021). The absence of riparian forest can
influence the trophic structure of local communities and,
consequently, the structure and composition of local fish
communities and, over time, can lead to a functional
homogenization of the ichthyofauna (Carvalho and Tejerina-
Garro, 2015). Leitdo (2015) emphasized that the removal of
riparian forests increases the submerged vegetation, and
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this can lead to a reduction in the functional regularity
of the assemblages and changes in the structure of the
beds and in the functional identity of the assemblages,
in addition to the fragmentation of the forests, which can
reduce the breadth of occupied niches and the functional
homogenization of local assemblies.

Amirkolaie (2008) states that fish farming effluents,
together with pollutants, can affect water quality, but do
not cause significant effects and do not cause an impact on
the aquatic ecosystem. However, water management and
input management are critical factors in improving fish
farms to become successful businesses (Bohnes et al., 2019).

5. Conclusion

The data, as presented in this study, allow us to
characterize the Amazonian streams containing stretches
with fish production as environments endowed with
specific and differentiated levels of richness and abundance,
considering the number of species and the number of
individuals of the same species. However, these differences
may be mostly associated with the natural conditions of the
streams, since the environmental analyzes (physical and
chemical characteristics of the water, and environmental)
did not show alterations resulting from the construction
of the nurseries.
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Supplementary material accompanies this paper.

Figure 1S A-B. Principal component analysis of the physical, chemical and geoenvironmental variables sampled
in Novo Airdo.

Figure 2S A-B. Principal component analysis of the physical, chemical and geoenvironmental variables sampled
in Presidente Figueiredo.

Table 1S. Principal component analysis of the first two axes calculated for the physical and chemical variables and
environmental characteristics of the streams of the study areas.

Table 2S. Mean values and percentages of the physical and chemical variables and environmental characteristics
and type of substrates of the study areas and in the sampled sites.

This material is available as part of the online article from https://doi.org/10.1590/1519-6984.272623
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