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Abstract
This study evaluated the length-weight relationship (LWR) and the relative condition factor (Kn) of 11 fish species 
in streams of the São Francisco Igarapé Environmental Protection Area (APA), located in the Acre River Basin, 
Amazon. LWR is an essential tool for assessing growth, body condition, and biomass of fish populations, reflecting 
aspects of species’ well being. Additionally, the relative condition factor (Kn) is a crucial parameter for indicating 
the physical state and health of species, reflecting the amount of energy accumulated relative to size. The research 
revealed that the growth coefficient (b) ranged from 2.65 to 3.33, indicating predominantly isometric growth in 
several species, where weight gain parallels length growth. Fish were collected at seven sampling points using 
active search methods. Results showed that most species exhibited isometric growth, with Kn values ranging from 
0.71 to 1.4, with 8 species showing Kn values greater than 1. These results suggest that the São Francisco Igarapé 
APA provides favorable conditions for fish growth and health, although some species showed variations in growth 
and well being indices, possibly due to environmental pressures. This study contributes to the understanding of 
the biological dynamics of fish populations in the region and provides valuable information for the management 
and conservation of species in protected areas of the Amazon.

Keywords: Amazon, biomass, body condition, growth patterns.

Resumo
Este estudo avaliou a relação comprimento-peso (LWR) e o fator de condição relativo (Kn) de 11 espécies de 
peixes em igarapés da Área de Proteção Ambiental (APA) do Igarapé São Francisco, localizada na bacia do rio 
Acre, Amazônia. O LWR é uma ferramenta essencial para avaliar o crescimento, a condição corporal e a biomassa 
de populações de peixes, refletindo aspectos do bem-estar das espécies. Além disso, o fator de condição relativo 
(Kn) é um parâmetro crucial para indicar o estado físico e a saúde das espécies, refletindo a quantidade de energia 
acumulada em relação ao tamanho. A pesquisa revelou que o coeficiente de crescimento (b) variou entre 2,65 e 3,33, 
indicando predominantemente crescimento isométrico em várias espécies, onde o aumento de peso acompanha 
o crescimento em comprimento. Os peixes foram coletados em sete pontos amostrais utilizando métodos de 
busca ativa. Os resultados indicaram que a maioria das espécies exibiu crescimento isométrico, com valores de Kn 
variando entre 0,71 e 1,4, sendo que 8 espécies apresentaram valores de Kn superiores a 1. Esses resultados sugerem 
que a APA do Igarapé São Francisco oferece condições favoráveis para o crescimento e a saúde dos peixes, embora 
algumas espécies apresentaram variações nos índices de crescimento e bem-estar, possivelmente devido a pressões 
ambientais. Este estudo contribui para o entendimento da dinâmica biológica das populações de peixes na região 
e fornece informações valiosas para o manejo e a conservação das espécies em áreas protegidas da Amazônia.

Palavras-chave: Amazônia, biomassa, condição corporal, padrões de crescimento.
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LWR data provide a valuable means of assessing 
the health of fish species and ecosystem conditions, 
especially in the face of advancing deforestation in the 
Amazon (Blevins et al., 2013; Ali et al., 2014). Therefore, 
the collection of additional data on LWR is essential to 
provide critical insights that support effective management 
and conservation strategies for fish populations, as well 
as to guide public policies in areas requiring preservation 
or restoration (Lubich et al., 2021; Pessali et al., 2022). 
In the present study, we estimated the length-weight 
relationship and the relative condition factor of 11 stream 
fish species, providing the first data for streams within a 
protected area in the Acre River basin. It is expected that 
in environmental protection areas there will be favorable 
conditions for the development of the fish life cycle, 
considering that the anthropic pressure on the resources 
in these environments are reduced.

2. Materials and Methods

2.1. Study area

The São Francisco stream hydrographic basin is situated 
in the western portion of the municipality of Rio Branco 
(AC) and serves as a tributary to the left bank of the Acre 
River (Vieira and Lacerda, 2005). The main drainage channel 
in the basin is the São Francisco stream, whose main 
tributaries are the Senzala, Onça, Saituba, Dias Martins 
and Batista streams on the right bank (northern part of 
the basin). There are only a few tributaries on the left 
bank, all of which are intermittent and of limited length 
(Vieira and Lacerda, 2005).

The fish were collected at seven sampling points in 
the Igarapé São Francisco APA watershed (see Figure 1) 
between May 5 and 12, 2023. Active collection was 
conducted using a variety of sampling equipment: a) a 
trawl 10 m long, 2.25 m high and with a mesh size of 5 mm 
between adjacent nodes per collection; b) a paddle with 
a mesh size of 5 mm, 30 cm wide and 50 cm long; and 
c) two sieves with a mesh size of 5 mm, 50 cm wide and 
80 cm long. At each site, we used the collection methods 
simultaneously for 30 min, thus having a sampling effort 
of one hour and 30 min per site sampled (Oliveira et al., 
2022; Olentino et al., 2023). The specimens were collected in 
accordance with the guidelines set forth by the Biodiversity 
Authorization and Information System-SISBio/Instituto 
Chico Mendes de Conservação da Biodiversidade-ICMBio 
(license number 11.778).

After each sampling, the fish were euthanized with 
Eugenol (Concea, 2013), then packed in plastic bags with 
5% formalin, labeled, taken to the laboratory and identified 
according to specialized bibliographies (Claro-García et al., 
2013; Queiroz  et  al., 2013 a, b e c). When necessary, 
specialists were consulted. Scientific names were based 
on Fricke  et  al. (2024). Subsequently, standard length 
(SL, cm) was measured using a millimeter ichthyometer, 
and total weight (W, g) was determined using a semi-
analytical scale. The fish were then transferred to 70% 
ethanol, and voucher specimens were deposited in the 
fish collection of the Federal University of Acre (UFAC), 

1. Introduction

Morphometric patterns exhibited by fish species may 
vary in response to the environment, providing insights 
into the fish life cycle and indicating whether there is size 
stratification among different populations (Freitas et al., 
2014; Pessali  et  al., 2022; Amazonas  et  al., 2024). The 
Length-weight relationship (LWR) is widely used in 
monitoring different biological aspects of ichthyofauna 
(Castro  et  al., 2019; Zuchi  et  al., 2020), since its basic 
biometric data may be able to indicate patterns across 
different populations that can be used to estimate indirect 
growth, biomass, body condition and condition factor 
(Lubich et al., 2021; Pessali et al., 2022; Khan et al., 2023).

The relative condition factor (Kn) serves as a quantitative 
measure of a fish’s physiological condition, encompassing 
aspects such as reproductive potential, developmental 
stages, and overall physical well being (Ali et al., 2014). 
Higher Kn values can indicate better condition, often linked 
to energy storage, reproductive preparation, or favorable 
environmental conditions. Conversely, lower Kn values 
suggest depleted energy reserves, possibly due to limited 
food availability, environmental stress, or post-spawning 
depletion. These variations highlight the influence of 
ecological and biological factors on fish health (Goel et al., 
2011). Consequently, the condition factor provides insights 
into both recent feeding status and reproductive health, 
making it a crucial parameter for assessing fish resilience 
in their environment.

The Amazon basin harbors the greatest richness of 
freshwater fish species in the world (Reis  et  al., 2016; 
Dagosta and Pinna, 2019; Jézequel et al., 2020). This is 
related to the diversity of habitats distributed across various 
aquatic environments such as rivers, lakes, and streams, 
which allows the occurrence of species with different life 
strategies (Junk and Furch, 1993; Winemiller et al., 2016). In 
this sense, it is essential to analyze the LWR of amazonian 
fishes in order to understand the growth patterns of 
different populations and provide data for understanding 
ecological processes and life history (Lubich et al., 2021; 
Pessali et al., 2022).

The Acre River represents one of the primary tributaries 
of the Purus River, situated within the south-western 
quadrant of the Amazon basin. Part of Acre River Basin is 
an Environmental Protection Area (APA), the Igarapé São 
Francisco APA, a type of a Brazilian Sustainable Use Unit 
created to protect biodiversity, regulate human occupation 
of the area, and ensure the sustainable use of natural 
resources (Art. 14°, incise I; caput Art. 15°; Brasil, 2000), 
to help safeguard and rehabilitate the watercourses and 
their surrounding ecosystems inside the 30,004 ha (ha) 
protected area (SEMA, 2023).

There is a paucity of studies on the length-weight 
relationship (LWR) of fish species in the Acre River basin. 
Notable exceptions include Corrêa  et  al. (2018), who 
investigated three cichlid species in a tributary of the 
Acre River, and Silva et al. (2019), who analyzed 14 fish 
species along the main river. In contrast, other regions 
of the Amazon, such as the Purus River basin, have been 
more extensively studied in this regard, as demonstrated 
by the study of Oliveira et al. (2022).”
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Rio Branco municipality, State of Acre, Northern Brazil 
(vouchers MUFAC1355 to MUFAC1391).

We used population parameters to assess the well 
being of each fish species. We calculated the length-weight 
relationships (LWRs) for the species the linear regression of 
natural log-transformed data: W = a*SLb, where W = total 
weight of the fish (g); a = a coefficient of body shape; SL = 
standard length (cm); and b = an exponent of the variation 
in body shape (Le Cren 1951; Froese 2006). Outliers were 
identified graphically by plotting L vs W measurements 
and excluded manually (Froese and Binohlan 2000). The 
growth type was estimated using the confidence interval 
95% from b coefficient (Froese 2006). We then estimated the 
relative condition factor (Kn) using the equation K = W/aSLb, 
where W is the observed weight of each individual and SL 
is the weight estimated using the constants a and b from 
the LWR. A higher Kn indicates better fish welfare, with 
values expected to be close to or above 1 (Le Cren, 1951).

3. Results

A total of 579 fish belonging to the orders Characiformes 
and Siluriformes were captured. Table 1 summarizes data 
results. The b values ranged from 2.65 Knodus smithi (Fowler, 
1913) to 3.33 of Steindachnerina guentheri (Eigenmann 
& Eigenmann, 1889). The relative condition factor (Kn) 
ranged from 0.71 S. guentheri to 1.4 Ctenobrycon spirulus 

(Valenciennes, 1850), with nine species showing values 
above 1. According to the findings of the study, seven 
species (64%) displayed isometric growth, three species 
(18%) showed positive allometric growth, and two species 
(18%) demonstrated negative allometric growth (Table 1).

4. Discussion

The results indicate that the allometric coefficient (b) is 
a reliable indicator of the observed relationships, since the 
majority of species exhibited b values within the expected 
range (2.5-3.5), which is consistent with previous findings 
(Froese, 2006). This suggests the growth for isometric 
and/or allometric positive or negative, indicating that the 
development of mass gain may be proportional to length 
gain, or that mass gain may exceed growth in length (Le 
Cren, 1951). This phenomenon can be observed in the 
species A. bimaculatus and S. guentheri, which exhibited 
positive isometric and allometric growth, respectively. 
However, the b value for Knodus smithi and Serrapinnus 
gr. microdon was found to be less than 3, which suggests 
negative allometric growth, indicating that growth 
in length exceeds that of weight gain (Le Cren, 1951; 
Oliveira et al., 2022).

The existence of differences in b values can be attributed 
to a series of factors, both internal and external, that 
operate within the environment. Factors such as parasitism, 

Figure 1.  Location of the 7 sampled sites in the APA Igarapé São Francisco, Acre State, northern Brazil. Black dots indicate the sampled 
sites. Black lines represent the streams. Black dashed lines represent the boundaries of the APA Igarapé São Francisco.
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anthropogenic impacts, and intraspecific and interspecific 
competition require a more comprehensive evaluation of 
these populations. These factors may include, but are not 
limited to, the following: small sample, availability of food 
resources, environmental stress caused by unfavorable 
biotic and abiotic conditions, sex of the specimens, and 
others (Froese 2006; Silva et al., 2019; Oliveira et al., 2022).

Environmental and anthropogenic pressures, such 
as deforestation, pollution, and fishing activities, can 
significantly affect the development of fish species, directly 
impacting their body condition and overall well being 
(Castello et al., 2013). Currently, the greatest challenges in 
protected areas are related to the degradation of riparian 
vegetation and the improper use of water resources (Junk, 
2013), which compromise the availability of shelter and 
food. Essential factors for the healthy growth of fish 
(Pompeu et al., 2012).

The results of the weight-length ratio show a 
favorable growth pattern for the fish species of the 
São Francisco River APA, with the exception of the two 
species Serrapinnus cf. microdon and Knodus smithi that 
exhibited indices outside the expected, indicating possible 
instability of the well being and health of the fish of these 
two populations, suggesting that these species may be 
suffering environmental pressures from the degradation 
of vegetation that compromises the feeding and energy 
allocation of these fish (Junk, 2013; Mendes et al., 2021). 
The information about the weight-length relationship 
contributes to the understanding of these relationships 
between fish health and environmental quality, allowing 
the development of conservation strategies aimed at fish 
stocks (Pinheiro et al., 2021)

These findings suggest that the environment is suitable 
for their growth, with a potential abundance of food 
resources and minimal competition between co-occurring 
species, low disease detection and reproductive success 
trend (Gomiero et al., 2010; Mendes et al., 2021), These 
patterns of health indicators can be confirmed due to the 
high (>1) relative condition factor values observed for 
most species. The value of the relative condition factor is 
related to the energy accumulation during the life cycle 
of fish, whether intended for growth or reproduction 
(Schwartzkopf and Cowan Junior, 2017). Fish tend to 
accumulate energy, proportionally to the availability of 
resources, which consequently tend to vary according to 
hydrological seasonality, given that in the flood period 
there is a greater availability of food and in the dry period 
less availability, which can influence health standards, thus 
verifying that the environment is considered adequate 
due to the value of the condition factor (Espínola et al., 
2012; Mendes et al., 2021). Our findings underscore the 
need for continuous monitoring and targeted conservation 
measures, such as riparian zone restoration and sustainable 
resource management. Future research should explore the 
impacts of environmental heterogeneity and hydrological 
seasonality on fish populations, contributing to policies 
that support the sustainable management of aquatic 
biodiversity in the Amazon.
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