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ABSTRACT. The aim of this study was to characterize the fish species Triportheus angulatus, Psectrogaster 

amazonica and Pellona castelnaeana from the middle Tocantins River. Samples were collected from stretches 

of the Tocantins River, such as Cacauzinho and Beira Rio. Statistical program was used to evaluate seven 

variables from the three species under study, which were then classified according to their degree of 

correlation. According to Pearson's correlation analysis, the variables were significantly associated with the 

characteristics of the three species examined. The averages of the variables studied were highest for Pellona 

castelnaeana, and lower for Psectrogaster amazonica and Triportheus angulatus. Morphometric comparisons 

between males and females revealed statistically significant differences (p < 0.05) in total length and body 

depth, indicating potential sexual dimorphism related to ecological or reproductive roles. The condition 

factor (K) ranged from 1.28 to 1.65, reflecting a generally good nutritional status among individuals. Future 

studies focusing on the sex and age of fish are necessary to analyze how regional anthropogenic problems 

have influenced the morphometric characteristics of these species and to identify the factors that 

contribute to the decline in fish quality. These results could support future local and regional conservation 

efforts, considering that fishing in the region is economically and culturally important. 
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Introduction 

Morphological changes are linked to the ecological preferences, niches, and food preferences, as well as to 

functional characteristics that can be used for feeding and swimming analysis (Nagelkerke et al., 2018; Silva 

et al., 2019). These traits show variability in forms and morphology, influenced by environmental factors. 

These variations can be found in different species as well as in populations of the same species (Karr & James, 

1975; Morrone & Escalante, 2012, Werdelin & Wesley-Hunt, 2014, Pereira et al., 2025). 

Additionally, ecological interactions reflect the morphological and structural correlations among species, with 

changes caused from adaptation of species to different environmental pressures and interactions. However, not all 

species undergo structural modifications (Esteban, 2011). In his studies, Duré (1999) mentions trophic 

characteristics as essential for explaining the organization of species in communities, so morphology becomes 

fundamental for understanding trophic conditions, species in communities and determining niche variables. 

Gomes et al. (2003) observed the segregation of ichthyofauna according to the position occupied by the species in 

the water column, relating habitat preference, relative eye position and relative body height. 

In addition, Watson and Balon (1984), in their study of the morphological relationships of length- weight among 

7 fish species fishes in the Nida River (Poland), 16 in the Grande River (Ontario) and 24 in the Baram River length - 

weight (Sarawak, Malaysia) grouped according to their position in the water column, concluded that the species share 

similar resources, increasing interspecific competition and resulting in changes in the habits of the species. 

In this sense, the study of morphometry, including the analysis of the shape and size of individuals using 

numerical estimates through statistical methods, has been widely used for fish species identification 

confirmation (Strauss, 1985). In addition to identifying the species, this method is able to identify differences 

between males and females (Fairbairn, 1997). Regression analysis is important for understanding the 
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composition by the length of species caught when only part of the animal is landed (Motta et al., 2013). 

Length–weight ratio parameters, for example, show metabolic alterations related to fat accumulation and 

gonadal development and are also based on studies analyzing reproduction and growth that contribute to the 

management of fishery resources (Barros Pinheiro et al., 2021). 

Although several authors have reported the use of morphometrics to characterize differences between 

populations of a single species and between fish species in Brazil (Cavalcanti & Lopes 1990; 1993;), the study 

of morphometrics in the diversity of the Tocantins River ichthyofauna has not yet been carried out. Therefore, 

the present work studied three species of commercially important fish, namely, Triportheus angulatus Spix & 

Agassiz, 1829, Psectrogaster amazonica Eigenmann & Eigenmann, 1889 and Pellona castelnaeana 

Valenciennes, 1847, from the Tocantins river. 

Determining the size and weight of the evaluated species is essential to understanding their conservation 

status. These measurements help estimate the level of fishing pressure, identify signs of overfishing—such as 

the dominance of young or smaller individuals—and assess whether fish are reaching sexual maturity before 

being harvested. And it can also allow producers to better plan their creations (Ferreira et al., 2024). 

Additionally, comparisons with historical data can reveal changes in growth patterns or nutritional status, 

reflecting environmental shifts or anthropogenic pressures. Therefore, continuous morphometric monitoring 

is a key tool for guiding sustainable management strategies and conservation actions. 

Material and methods 

Study area 

The Tocantins River is considered the second largest river in Brazil. It has a drainage network with large 

tributaries, rising in the municipalities of Ouro Verde and Petrolina in the Goiás State, crossing Tocantins and 

Maranhão States, with its mouth in Pará. In addition, it is considered the largest Brazilian hydrographic basin, 

a constituent part of fresh water in the Amazon region (ANA, 2020). The region drained by the Tocantins 

River has a tropical climate, with two climatic periods, one rainy from October to April and the other dry from 

May to September, with low relative air humidity (ANA, 2024). Moreover, the middle section of the river is 

characterized by flooded plains and wetlands, making the area favorable for species richness and having one 

of the highest rates of endemic species (Merona et al., 2010; Dagosta & Pinna, 2019). 

Fish sampling 

The fish samples were collected from the middle stretch of the Tocantins River in the city of Imperatriz, 

Maranhão. The collections took place in three segments of the river: Cacauzinho, Beira Rio, and Embiral. All are in 

the middle course of the Tocantins River, which runs through the city of Imperatriz, Maranhão (Figure 1). 

 
Figure 1. Collection points (P1: Embiral, P2: Beira Rio, P3: Cacauzinho) in the Tocantins river in Imperatriz, Maranhão, Brazil. Source: The author. 
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Data collection 

Collections were carried out from February to December 2019 and February to November 2022 using trawls 

and fishing nets, with mesh sizes ranging from 5, 7, and 36mm. The nets were set in the morning and at night 

at intervals of 3 hours. Forty two, 42, and 43 T. angulatus, P. amazonica, and P. castelnaeana specimens, 

respectively, were collected in this study. Immediately after fish sampling, the specimens were kept on ice and 

transported to the genetics and molecular biology laboratory at the Universidade Estadual da Região 

Tocantina do Maranhão, UEMASUL. Once in the laboratory, the specimens were placed in plastic bags labeled 

with the collection site, date, and species name. They were also photographed and stored in 70% ethyl alcohol 

in the freezer and deposited in the fish collection of the State University of the Tocantina Region of Maranhão. 

Morphometric analysis 

The three fish species were identified based on the works of Vari (1991), Malabarba (2004), Reis et al. (2020) 

and Santos et al. (1984). Morphometric analyses were conducted according to the methodologies of Strauss 

(1985) and Moraes (2003). The fish were measured immediately after collection for a short period of time—2 

hours—and after the measurements, they were placed in ethanol at -20°C. The fish specimens were measured 

and weighed using the traditional system described by Fink and Weitzman (1974). For this study, 

measurements were taken using a caliper with an accuracy of 0.05 mm. Lengths were measured in centimeters 

(cm), and total weights were measured recorded in grams (g). The individuals were weighed after 2 hours of 

collection using an electronic scale. Seven anatomical characteristics were used: CP - standard length; CC - 

head length; CF - snout length; DO - eye diameter; AT - height; and P - weight, as described by Moraes (2003). 

Data analysis 

Pearson correlation analysis (r) 

The Pearson correlation matrix of the variables Xi (CP, CT; CC; CF; DO; AT, P) was used with i = 1, 2..., 7. 

Correlations were obtained by Pearson's linear analysis and the “t” test and processed using the SAS program  

version 3.81 (SAS Institute Inc. 2021), with statistical significance indicated by SAS (p < 0.05). Pearson 

correlation tests were performed to determine whether the morphometric characteristics showed a significant 

linear relationship between one variable and another. The variables that correlated with each other were 

selected at p > 0.80, and for these variables, the regression models were adjusted. The term positive 

correlation is used when r > 0, and negative correlation is used when r ˂ 0. 

Regression analysis 

The statistical package of the R program version 4.2.2 (R Core Team, 2022), was used for the regression 

analysis. Regression analyses were performed with linear equations between body length variables (CT, CP, 

CC, CF, DO, AT) and nonlinear regressions for weight ratios (P) and other lengths. The equations for the total 

length vs length of other parts of the body were classified as negative allometric (b<1), positive allometric 

(b>1), or isometric (b = 1), in accordance with Fonteles-Filho (1989). Statistical differences were considered 

at a significance level of 95% (α = 0.05) according to (Zar, 1999). 

Results 

This study included 34 individuals of the species Triportheus angulatus, 42 of which were P. amazonica and 

43 of which were P. castelnaeana. The averages of the variables studied were greater for Pellona castelnaeana, 

lower for Psectrogaster amazonica, and lower for Triportheus angulatus. The CT, CF and OD values of P. 

amazonica and T. angulatus were closer than those of P. castelnaeana (Table 1). 

Table 1. Means and standard deviations of the biometrics of the studied species. Imperatriz, Maranhão, Brazil. 2023. Total length (CT), standard 

length (CP), head length (CC), snout length (CF), eye diameter (DO), height (AT), and weight (P). x̅: Average value. σ = Standard deviation value 

Species  CT (cm) CP (cm) CC (cm) CF (cm) DO (cm) AT (cm) P (g) 

Psectrogaster amazonica 
x ̅ 15.71 13.34 3.72 0.72 1.00 4.99 65.96 

σ 1.85 1.53 0.36 0.21 0.15 0.65 21.99 

Triportheus angulatus 
x ̅ 16.12 14.06 3.21 0.73 1.01 4.58 52.72 

σ 1.42 1.22 0.30 0.11 0.09 0.42 8.81 

Pellona castelnaeana 
x ̅ 29.53 25.70 6.24 1.60 1.42 7.27 205.28 

σ 2.59 2.05 0.55 0.40 0.15 0.62 54.29 
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Pearson correlation of morphometric variables and weight for specimens of P. amazonica. The CF was the 

only variable that did not show a significant correlation (p > 0.01) with the other variables analyzed. In 

addition Besides to most variables being significant (p < 0,01), five negative variables were observed in the 

study and were not significant (p < 0,05) (Table 2). The CT variable showed strong correlations with all 

variables, except for CF, which, as previously reported, did not present a significant value (p > 0.1). The CP 

variable correlated moderately with DO and strongly with CC, AT, and P (p < 0.01). Conversely, CC exhibited 

strong positive correlations with CT, CP and DO and moderate correlations with AT and P (p < 0.01). The DO 

variable showed a strong correlation only with the CC variable, while the other variables showed moderate 

correlations (CT, CP) and weak correlations (AT, P) (p < 0.01). For the AT variable, the correlations were 

strong with the variables CT and CP, moderate with respect to CC, and weak with respect to P (p < 0.01). On 

the other hand, the P variable exhibited strong correlations with CT, CP, and AT, moderate correlations with 

CC, and weak correlations with DO (p < 0.01). 

Table 2. Pearson's correlation among the characteristic weight, total length, standard length, height, width and head length of 

specimens of P. amazonica. 

P CT CP CC CF DO AT P 

Total length (cm) 1 0.856** 0.834** -0.259 0.596** 0.758** 0.778** 

Standard length (cm)  1 0.820** -0.219 0.615** 0.858** 0.806** 

Head length (cm)   1 -0.002 0.739** 0.651** 0.665** 

Snout length (cm)     1 0.039 -0.263 -0.248 

Eye Diameter (cm)     1 0.485** 0.431** 

Total Height (cm)      1 0.906** 

Weight (g)       1 

CT – total length; CP – standard length; CC – head length; CF – snout length; DO – eye diameter; AT – height; P – weight. ** significant at the 1% 

probability level (p < 0,01). 

The snout length was not significantly correlated with any variable, and eye diameter was significantly 

correlated with height or weight, although it was not strongly correlated with the other variables. The 

negative variables were inversely related due to their proportions, meaning that as one increases, the other 

consequently decreases, and vice versa. The linear regression results of the correlation analysis of the 

morphological characteristics were mostly correlated (Table 3 and Figure 2). 

Table 3. Linear regression between the characteristic weight, total length, standard length, height, width, and head length of 

specimens of Psectrogaster amazonica. 

Morphometric 

relationship 
Equation R² P-value r 

Graphic 

representation 

CT x CP CP = 1.9507 + 0.7250*CT 0.77 < 0,01 0.86 Figure 2a 

CT x CC CC =  1.0943 + 0.1671*CT 0.71 < 0,01 0.83 Figure 2b 

CP x CC CC =  0.9482 + 0.2077*CP 0.75 < 0,01 0.82 Figure 2c 

CP x AT AT =  -0.1976 +  0.3593*CP 0.71 < 0,01 0.86 Figure 2d 

CP x P P = 0,1146*CP 2,4445 0.81 < 0,01 0.81 Figure 2e 

AT x P P = 1,2711*AT 2,4378 0.89 < 0,01 0.91 Figure 2f 

CT – total length; CP – standard length; CC – head length; CF – snout length; DO – eye diameter; AT – height; P – weight. 

In addition to having a high level of correlation (r = 0.91), the R2 was greatest among the other variables, 

and the CP presented the same correlation between two different morphometric relationships (r = 0.86), with 

CT showing the greatest correlation when related to CP (R2 = 0.77). Among the linear equations that are most 

commonly applied in comparisons of this kind are CTxCP = 1.9507 + 0.7250*CT. 

The T. angulatus specimens exhibited significant correlations (p < 0.05) between the variables CP and P, 

but weak correlations. This was not observed in the P. amazonica specimens since they did not show 

correlations with any analyzed variables (p > 0.05) (Table 4). The CT variable revealed a strong correlation 

only with CP (r = 0.84), and the other variables showed weak correlations (CC and P). The DO variable did not 

exhibit a significant correlation (p > 0.05) with any of the analyzed variables. The AT variable revealed 

significant correlations (p < 0.05) only for the CC variables, resulting in a weak correlation, and P showed a 

moderate correlation. The P variable exhibited weak significant correlations (p < 0.05) with most of the 

analyzed variables (CT, CP, CC, CF), and only the AT variable demonstrated a moderate correlation. 
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Figure 2. Morphometric relationships. A. Total length and standard length. B. Total length and head length. C. Total length and snout 

length. D. Total length and zoo length. E. Standard length and weght. E. Total length and weght (f). 

Table 4. Pearson correlation between the characteristic weight, total length, standard length, height, width, and head length of the 

specimens of Triportheus angulatus. 

 CT CP CC CF DO AT P 

Total lenght (cm) 1 0.842** 0.553** 0.171 0.1934 0.113 0.434* 

Standard length (cm)  1 0.650**  0.355* 0.2766 0.202 0.491** 

Head length (cm)   1 0.236 0.2905 0.499** 0.400* 

Snout length (cm)    1 0.1118 0.030 0.461** 

Eye Diameter (cm)     1 0.187 0.048 

Total Height (cm)      1 0.577** 

Weight (g)       1 

CT – total length; CP – standard length; CC – head length; CF – snout length; DO – eye diameter; AT – height; P – weight. ** significant at the 1% 

probability level (p < 0,01); 

The results were obtained through linear regression of the comparisons, in which among all the body sizes 

of this species, only the (CT x CP) relationship was sufficient to represent it. The correlation coefficient r was 

0.84, and R2, which represents how much this equation can explain the comparison between these two 

variables, was 0.80, which is still represented by the equation CP = 1.3509 + 0.7743*CT (Table 5 and Figure 3). 

Table 5. Linear regression among the characteristic weight, total length, standard length, height, width and head length of the 

Triportheus angulatus specimens. 

Morphometric relationship Equation R² P-value r Graphic representation 

CT x CP CP= 1.3509 + 0.7743*CT 0.80 < 0.01 0.84 Figure 3 

*CT – Total length; CP – Standard length. 
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Figure 3. Analyzed morphometric relationship: total length and standard length (a). 

For P. castelnaena, except for CF and DO, which did not show significant correlations (p < 0.05), the other 

variables showed significant correlations (p < 0.01). Of all the variables analyzed, six had strong correlations: 

CT with CP and CP with the variables CC, AT, and P (p < 0.01). CC showed a strong correlation with AT, P, CP, 

and CT (p < 0.01), a moderate correlation with CF, and a weak correlation with DO. In the analysis of the AT 

variable, the correlation was strong for P (p < 0.01) (Table 6). 

Table 6. Pearson's correlation between weight, total length, standard length, height, width, and head length of specimens of Pellona castelnaeana. 

 CT CP CC CF DO AT P 

Total lenght (cm) 1 0.767** 0,521** 0.164  0.493** 0.636** 0.622** 

Standard length (cm)  1 0,757** 0,475** 0.433** 0.828** 0.848** 

Head length (cm)   1 0,655** 0.308* 0.798** 0.857** 

Snout length (cm)    1 0.121 0.599** 0.590** 

Eye Diameter (cm)     1 0.310* 0.464** 

Total Height (cm)      1 0.885** 

Weight (g)       1 

CT – total length; CP – standard length; CC – head length; CF – snout length; DO – eye diameter; AT – height; P – weight. ** significant at the 1% 

probability level (p < 0.01). 

Weight proved to be the most suitable variable for representing Pearson correlations; of the four 

morphometric relationships, three were represented by comparisons involving the individual's weight 

(Table 5). Among the equations, the most representative was the comparison between height and weight (AT 

x P) P = 0.7535*AT 2.8175, which still represents a linear equation because the greater the growth of the 

species is, the greater the value of the weight (Table 7 and Figure 4). 

Table 7. Linear regression among weight, total length, standard length, height, width and head length of specimens of Pellona castelnaeana. 

Morphometric relationship Equation R² P-value r Graphic representation 

CT x AT AT = 0.8267 + 0,2506*CP 0.67 < 0.01 0.82 Figure 4a 

CP x P P = 0.02692*CP 2,7488 0.72 < 0.01 0.84 Figure 4b 

CC x P P = 2.2243*CC 2,4640 0.68 < 0.02 0.85 Figure 4c 

AT x P P = 0.7535*AT 2,8175 0.81 < 0.01 0.88 Figure 4d 

CT – total length; CP – standard length; CC – head length; CF – snout length; DO – eye diameter; AT – height; P – weight. 

Discussion 

In the watersheds of the Amazon, specifically in the basin that includes the Tocantins River, there is 

limited information that characterizes the studied species and few morphometric evaluations of these species 

have been performed (Dacosta, 2019). In a study by Cochran-Biederman and Winemiller (2010), the 

morphological and ecological relationships of six cichlids in the Bladen River, Belize, Central America, were 

studied. Their results revealed a high degree of morphological variation among the cichlids, with species 

exhibiting large, small and elongated body shapes; relatively large mouths; and highly protrusion jaws. 

Additionally, these characteristics demostrated a high level of plasticity in the habitats and ability to exploit food. 
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Figure 4. The following morphometric relationships were analyzed. A. standard length and total height. B. Standard leght and weght. 

C. Head length and weght. D. Total height and weght. 

Although Psectrogaster amazonica is abundant and considered one of the most common fish in the 

Tocantins River region, little is known about this species in the scientific community. Psectrogaster amazonica 

is a white fish that generally reaches a length of approximately 20 cm and 120 g. The total length (TL) of the 

species collected ranged from 13.00 to 19.3 cm (Santos et al. 1984). 

It was observed that the CF does not able to present the necessary information for the comparison of this 

variable with the other parts of the body in this species because if it was not significant in this study, in this 

way, the comparison of the CF for the differentiation of the species with other species becomes unfeasible. 

Furthermore, in Triportheus angulatus, a species of the same order as Psectrogaster amazonica, although it did 

not show strong correlations, weak correlations were observed between this variable and P; however, in 

Pellona castelnaeana, the CF variable was not significant. 

In this study of Psectrogaster amazonica, CT was significant in relation to all variables, and we were able to 

compare this species considering this variable. Additionally, a positive correlation was observed between C T 

and weight. The CP variable was strongly correlated with other variables, such as P, AT, and CC. 

The results for this species differed slightly from those observed in Psectrogaster amazonica specimens, as 

it exhibited a weak correlation only with the DO variable, while the others showed moderate to strong 

correlations. The CC variable presented a significant correlation (p < 0.01) and was strongly correlated with 

the DO variable for Psectrogaster amazonica specimens; however, no significant correlation was detected for 

Triportheus angulatus specimens (p > 0,05). On the other hand, the variables CT and CP showed moderate 

correlations, and AT and P demonstrated weak correlations. This behavior differed from that observed for the 

Psectrogaster amazonica specimens, which presented strong (CT, CP) and moderate (AT and P) correlations. 

The Psectrogaster amazonica specimens exhibited significant correlations (p < 0.05) ranging from weak to 

moderate to strong among the variables analyzed. When compared to other specimens of Psectrogaster 

amazonica, the variables showed moderate and strong correlations. In this sense, a different behavior was 

observed when compared to the Psectrogaster amazonica specimens, which demonstrated strong correlations 

for the CT, CP, and AT variables, moderate correlations for CC, and weak correlations for DO. 

A study carried out by Araújo et al. (2012) revealed that Triportheus angulatus specimens had an average 

total length of 11 to 17.4 cm, which was relatively smaller than the average length of the full length of the 

fruits in this study (14.2 to 20.4 cm). For this same species, length variations were also found in lakes in central 

Amazonia, with fish measuring from 7 to 25.5 cm (Prestes et al., 2010). These differences in fish length are 

attributed to the fishing equipment and the availability of resources in the study area (Araújo et al., 2012). 
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The CP and P ratios analyzed were significant for this species, as well as for Pellona castelnaeana. Although 

P was not strongly significant, it was correlated with other variables, such as CT, CP, CC, and CF. Additionally, 

AT showed a moderate and significant correlation for this species, in contrast to Psectrogaster amazonica, 

which exhibited strong correlations with this variable. 

The relationships between length and weight allow calculations of the stock biomass for the studied 

species (Cazorla et al., 2014). The elongated and laterally depressed body shape allows for greater 

development in length than in weight, and our results were positive, different from those registered by Prestes 

et al. (2010) and Nascimento et al. (2012), who had negative allometric results (b<3). This discrepancy may be 

attributed to drought events and sudden floods that interfere with fish populations in flooded areas, 

considering that the conditions of adaptation and permanence depend on structural and temporal factors that 

regulate the environment (Freitas et al., 2013). 

A different behavior was observed compared to that of Psectrogaster amazonica specimens, which showed 

strong correlations with the variables CT, CP, and AT, moderate correlations with CC, and weak correlations 

with DO. This species was different from the other analyzed species, as Psectrogaster amazonica had the 

highest correlation among all the variables. There is a tendency for fish to be distributed in different 

environments, in addition to different periods of drought in rivers and different numbers of flooded areas 

(Barai et al., 2021). 

In the Tocantins River, the standard length of the fish of the species Pellona castelnaeana, also known as 

Apapá, ranged from 23.5 to 29.4 cm, which is smaller value than the length obtained in the study of Ikeziri 

et al. (2008), who obtained individuals measures between 17.5 and 46.00 cm with an average length of 30.7 

cm. However, in the study of Ikeziri et al. (2008), there were no differences in the averages standard length by 

hydrological period or significant differences in the relative frequency of specimens by size class between 

hydrological periods. In the present study, the correlation of variables allowed the comparison of weight with 

two other variables: weight and head length. Ikeziri et al. (2008) also obtained a correlation between weight 

and standard length described by the equation (Pt =9,27*10-6Cp 3,08). 

In the species Pellona castelnaeana, most variables were significant, except for CF and DO. DO was not 

significant in Psectrogaster amazonica. CT exhibited a strong correlation with other variables, such as CO and 

CP. In addition, CC was more strongly correlated with other variables than AT, P, CP, and CT. 

In addition, the habitat and ecological behavior of the species may have influenced the variation in growth 

between species and within species. Pellona castelnaeana has a carnivorous habit and feeds mainly on fish 

(Oliveira et al., 2020). Food availability is an important factor in the occurrence of some species in certain 

places since the displacement of these species in breeding seasons is commonly observed in ichthyofauna. 

Additionally, the species Pellona castelnaeana reproduces between the dry season and flood season, with 

total spawning and external fertilization; its reproduction is intense in of low water period, and clear water serves 

as a spawning site (Santana et al., 2020). In some areas where fish, in this study, were collected, there were intense 

flooding periods in the surrounding areas; such flooding may have caused a greater distribution and differentiation 

in the collected fish, Pellona castelnaeana, Triportheus angulatus, and Psectrogaster amazonica. 

The strength of floods controls aquatic biota and alters the areas occupied by fish populations. Moreover, 

the water level, where the species was captured, modifies the availability of benthic resources due to contact 

with the substrate (Allan, 2021). In this sense, three collection sites were used; although they were in the 

same river, the availability of resources may also have influenced the weight of the captured fish, and weight 

is influenced by growth differences in hydrological cycles, resulting in changes in different characteristics at 

the time individuals were captured. 

In some studies, with fish of the genus Pellona, high trophic plasticity has been observed according to the 

environment in which they lived, and some specimens may even have sizes related to a certain area (Lira 

et al., 2021). As observed in other studies, in relation to the size of the specimens, the largest ones occurred 

only in this area (Ikeziri et al., 2018). 

However, sex was not studied in the present research. In analyses of other fish, significant differences with 

positive allometry for different sexes were noted through the weight/length equations, demonstrating that 

the equations can be used in other studies to evaluate correlations between the studied species and between 

individuals of the same species when the existing variables were analyzed. Such variations can be explained 

by the sexual maturity cycle (Agostinho et al., 2018). In addition, factors such as the sex of the individual 

influence and the fact that female fish of the genus Triportheus angulatus mature earlier than males, as 
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observed in a study carried out in the middle Araguaia River (Mariac et al., 2022). Fecundity is a specific 

characteristic of this species and is adapted to the conditions of the species's life cycle, varying with growth, 

population density, food availability, and mortality rate (Barros, 2016). 

The characteristics analyzed in this study may vary according to the sex of the individual. Although the 

individuals were not separated by sex or age, other authors have reported a predominance of one of the sexes 

in fish populations; such results may be due to successive events in which individuals of each sex act 

differently (Mourão & Nordi, 2003). Natural selection can also act as a fundamental factor in the reproductive, 

hydrological, and feeding cycles of fish, the search for food, predation, and factors such as sex change; the 

latter is considered a strategy with sex alternation close to 72% of the maximum expected length for the kind 

(Taylor et al., 2018). 

The assessment of a population's length and its reproductive patterns in various areas can be manifested 

through distinct group sizes that provide qualitative information about the growth rate of individuals and 

respond biologically to the environmental conditions in which a population developed (Cella‐Ribeiro et al., 

2015). In addition, reproduction in each area can be reflected in groups of different sizes (Campos et al., 2019). 

Thus, the two species of the same order, Psectrogaster amazonica and Triportheus angulatus, presented 

similar correlated characteristics that can contribute to the identification of fish of this order through various 

studies and generated equations; however, although they are of the same order, only Psectrogaster amazonica 

correlated with 6 body characteristics in the species, CP, CT, CC, DO, AT, and P. The fish of the order 

Clupeiformes in the present study revealed that the length of the fish can contribute to the planning of fish 

stocks. In addition, future studies regarding the sex and age of specimens are necessary to analyze how 

regional anthropic problems have interfered with the morphometric characteristics of these species. 

Conclusion 

Therefore, the morphometric characterization of Psectrogaster amazonica and Pellona castelnaeana 

collected in the middle Tocantins River proved to be efficient, considering that the external measurements of 

the species satisfied the estimation of the variables studied. It was also possible to conclude that the 

morphological relationships of the species Psectrogaster amazonica, total length and standard length were 

more strongly correlated with other variables, as was the case for Triportheus angulatus. The Pellona 

castelnaeana species showed strong nonlinear correlations in comparisons of weight and total length. 

Thus, the two species of the same order have similar correlated characteristics that are capable of 

contributing to the identification of fish of this order by means of the variables studied and the equations 

generated, but although they are of the same species, only Psectrogaster amazonica showed a correlation with 

6 body characteristics in the species. The fish of the Clupeiformes order in this study revealed that the length 

of the fish can contribute to the fattening nutrition of the species. It is also worth mentioning that the 

information on the Psectrogaster amazonica species is unprecedented, as there are no studies on this species 

and morphometric studies on the others studied in this study. 

The results of this study highlight the importance of morphometric measurements as a key tool for 

assessing the population status of fish species in the Tocantins River. The variations observed may reflect not 

only genetic or environmental differences, but also potential signs of ecological stress or anthropogenic 

pressure. Therefore, the accurate determination of these measurements and their interpretation within the 

local ecological context are essential for developing effective management and conservation strategies, 

particularly in areas affected by environmental changes or intense human activity. 

Data availability  

Data will be made available on request. 
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