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Abstract. Knowledge of the length at first maturity (L50) is an important tool for fish stock management and
conservation. This study estimated the L50 values of 10 fish species in two reservoirs of the Apodi/Mossoró River
in the tropical semiarid region of Brazil. The following species were studied: Curimatella lepidura (Eigenmann
et Eigenmann, 1889); Prochilodus brevis Steindachner, 1875; Leporinus piau Fowler, 1941; Leporinus taeniatus
Lütken 1875; Triportheus signatus (Garman, 1890); Hoplias malabaricus (Bloch, 1794); Hypostomus pusarum
(Starks, 1913); Loricariichthys derbyi Fowler, 1915; Trachelyopterus galeatus (Linnaeus, 1766); Crenicichla
menezesi Ploeg, 1991. The captured individuals were identified, separated by species, measured for total length
(TL), and categorized as reproductive or immature after dissection. The L50 values for both sexes were estimated
via a logistic regression for each species. Significant differences between values were tested for the species that
occurred in both reservoirs (ANCOVA). The estimated L50 value varied between 7.37 cm (C. lepidura, female)
and 19.40 cm (H. malabaricus, female). Only the L50 value of the males of the species C. lepidura and P. brevis
differed between the two reservoirs. This study is the first report of the L50 for seven species and the first report
for tropical semiarid river basins for two species. These results are important for fish resource management and
species conservation.
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INTRODUCTION
The length at first maturity (L50) is the value at which
50% of the individuals in a cohort have reproduced at
least once (Barzotto and Mateus 2017), and it represents
a critical life cycle transition since the resources and
time that were previously solely allocated for growth and
survival are now also used for reproduction (Wootton
1998). This very flexible reproductive characteristic
exhibits high spatial variation resulting from different
responses to local environmental conditions as well as
variations in the growth rate, maximum body size, and
biotic interactions (Sharpe and Hendry 2009, Lourenço
et al. 2015).
The knowledge of the L50 of a fish species is an
important tool in developing management, monitoring,
and conservation programs for fish stocks as it prevents
the catch of young individuals and the reduction of the
reproductive stock of the species, allowing individuals
to reproduce at least once (Fontoura et al. 2009); this is
particularly important for stocks that are intensely fished
and that have low recruitment rates (Agostinho et al.

2007). In Brazil, government agencies use L50 data to
define the minimum length that a fish must reach before
it can be caught, so it is essential to evaluate the spatial
variation in this parameter before defining a single value
for an entire river basin, as has historically been done in
Brazil and other countries (Lourenço et al. 2015).
Thus, the objective of this study was to estimate
and evaluate the L50 of 10 fish species from the
reservoirs of the Apodi/Mossoró River in the tropical
semiarid region of Brazil to assist in developing fishery
management programs and ecosystem models for use
in the conservation management and exploitation of
these resources. In the course of this study the following
species were studied: Curimatella lepidura (Eigenmann
et Eigenmann, 1889); Prochilodus brevis Steindachner,
1875; Leporinus piau Fowler, 1941; Leporinus taeniatus
Lütken 1875; Triportheus signatus (Garman, 1890);
Hoplias malabaricus (Bloch, 1794); Hypostomus pusarum
(Starks, 1913); Loricariichthys derbyi Fowler, 1915;
Trachelyopterus galeatus (Linnaeus, 1766); Crenicichla
menezesi Ploeg, 1991.

Correspondence: Dr José Luís Costa Novaes, Centro de Pesquisa em Pesca e Aquicultura Sustentável, Departamento de Biociências, Centro de Ciências Biológicas e da Saúde, Universidade Federal Rural do Semi-Árido, Mossoró, RN, Brazil, phone: (+55) 8433178200, e-mail: (JLCN) novaes@ufersa.edu.br, (ACVS)
cecilia-souza93@hotmail.com, (RSC) rdgcosta@ufersa.edu.br.
*

196

Souza et al.

MATERIAL AND METHODS
The fish collection was licensed by the Instituto
Chico Mendes de Conservação da Biodiversidade
(ICMbio, process number 27046). Sampling was
performed quarterly from February to November in
the Santa Cruz (05°45′47.3′′S, 037°48′02.9′′W, between
2010 and 2016) and Pau dos Ferros reservoirs
(06°08′44.8′′S, 038°11′28.2′′W, between 2011 and 2012).
Gill nets (with a mesh size of 12 to 70 mm between adjacent
knots) were used for sampling between 17:00 h and 05:00
h. This period was selected because it includes both sunset
and sunrise, periods during which fish experience greater
displacement mainly for food activity (Barthem 1987). All
collected fish were euthanized with a solution of 0.2 mL of
clove oil dissolved in 500 mL of water, stored in labelled
plastic bags, and transported to the laboratory where they
were identified, and their total length (TL) and total weight
(TW) were determined. The maturity stage of the fish
was confirmed by macroscopic inspection of the gonads
and classified according to Brown-Peterson et al. (2011)
as immature, maturing, ripe, postspawning, and resting.
Species identification was confirmed by taxonomists at
the Universidade Federal da Paraíba (Federal University
of Paraíba), and specimens were deposited in the fish
collection of this institution.
All individuals with a gonadal stage other than
immature were considered of reproductive age. The
frequency of reproductive individuals was used as the
response variable; TL was used (R Core Team. 2018) as
the explanatory variable, and the L50 value was obtained
via logistic regression
M = 1 · (1 + exp [r (L – Lm)])–1

DISCUSSION
This study represents the first report of the L50 for
seven species, according to the information available in
FishBase (Froese and Pauly 2019). For H. malabaricus and
Trachelyopterus galeatus, species with wide distributions
in Brazil, this study was the first to report the L50 values for
the tropical semiarid region. In the case of H. malabaricus,
several authors agree that it is a species complex (Mattox
et al. 2014); therefore, the species in Brazilian semiarid
river basins are likely different from those in other South
American river basins.
Differences between L50 values were expected for the
analysed species occurring in both reservoirs. First, the
Apodi/Mossoró River was dammed in 1967 when the
Pau dos Ferros reservoir was built. Blocking rivers with
dams separates populations and interrupts gene flow,
and the separated populations tend to show differences
in their life cycle over time, including in L50 (Britto and
Carvalho 2013). The L50 is also influenced by the abiotic
characteristics of the environment (Orsi 2010), and the
Santa Cruz and Pau dos Ferros reservoirs are very distinct
limnologically, being classified as oligo-mesotrophic and
eutrophic, respectively (Moura and Henry-Silva 2015).
However, only the males of C. lepidura and
Prochilodus brevis showed a difference in the L50 values
in this study, with a lower value observed in the Pau dos
Ferros reservoir, indicating that these individuals presented
a high reproductive effort in this reservoir. Several factors
may influence the at-first-maturity characteristics, and
determining the factors responsible based on the smallest
value observed for A and B is difficult. Unfavourable
environmental conditions may force individuals to have
shorter lengths at first maturity to reduce the risk of dying
before reproducing (Wootton 1998), and factors such
as resource availability, fishing and biotic interactions
(e.g., competition and predation) affect the onset of fish
reproduction (Tomasini and Laugier 2005, Lappalainen et
al. 2016) and may also explain the difference observed in
the study for the males of C. lepidura and P. brevis.

where, M = frequency of reproductive individuals (number
of adults per total number of individuals), Lm = length at first
maturity, and L = TL, and r is the slope of the maturity curve
(King 2007). For the species present in both reservoirs,
ANCOVA was used to assess possible deviations from the
logistic regression goodness of fit at a significance level of
P < 0.05. The analyses were performed with R software (R CONCLUSION
Core Team 2018) using the FSA package (Ogle 2016).
The presently reported study provided information on
the L50 for some species in two reservoirs of the Apodi/
RESULTS
Mossoró River of the Neotropical semiarid region of
For this study, a total of 9048 individuals (6007 from Brazil. Data on length at first maturity are used by
the Santa Cruz Reservoir and 3041 from the Pau dos Ferros governmental agencies to define the minimum size that
Reservoir) belonging to 10 species and eight families were an individual must attain before it can be caught. This
used to estimate L50. The number of specimens analysed knowledge will assist in the management of fishery
per species ranged from 106 for Hoplias malabaricus to resources and the conservation of fish fauna in the region.
1754 for Curimatella lepidura, both of which were in the
Pau dos Ferros reservoir. The sample size, minimum and ACKNOWLEDGEMENTS
maximum TL values, L50 value and ANCOVA results are
We thank the Universidade Federal Rural do Semishown in Table 1.
Árido (UFERSA), the National Council for Scientific and
The L50 values estimated in this study ranged from Technological Development (CNPq), the Rio Grande do
8.70 cm for C. lepidura in the Pau dos Ferros reservoir to Norte Research Foundation (FAPERN) and the Semi-Arid
18.22 cm for H. malabaricus in the Santa Cruz reservoir. National Institute (INSA) for their financial support under
Among the species that occurred in both reservoirs, processes No. 68.0025/2005-7 - CNPq/FAPERN, No.
only C. lepidura exhibited a significant difference in L50 562525/2010-6 - CNPq/INSA, No. 479883/2012-2 between reservoirs (P < 0.001).
CNPq and No. 309046/2015-7 - CNPq, respectively.

F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M
F
M

Sex
9.20
6.80
7.30
7.30
12.90
9.00

8.10
10.90
11.00
9.50
8.20
8.50

13.30
14.10
9.70
9.00

531
594
224
225
491
279

323
347
53
83

23.80
23.50
22.50
23.00

23.80
23.50
45.20
45.10
34.80
33.20

17.50
17.70
39.90
33.50
31.90
30.70

7.70
6.70
12.00
7.50
12.00
8.60
7.90
9.20

13.20
13.40

12.40
9.00

753
607
54
59
97
180
82
69

57
41
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n
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Min

618
605
46
67
108
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n

Pau dos Ferros

Santa Cruz

19.70
28.20

41.50
40.50

22.50
16.50
25.70
29.20
25.80
25.60
23.50
22.80

Max

13.33
13.99
10.46
10.93

11.07
9.68
19.40
18.87
14.78
16.99

8.64
8.29
17.78
17.41
15.07
14.48

L50

7.52–14.36
8.94–15.40
5.06–11.38
10.44–13.82

5.24–12.67
3.71–11.98
15.68–20.22
17.28–19.69
15.43–16.07
15.93–17.82

3.81–10.12
3.61–9.63
15.05–20.00
15.98–18.78
12.21–16.30
12.11–15.77

95% CI

Santa Cruz

L50

13.49
13.81

16.96
16.95

7.37
8.58
14.51
12.52
13.44
9.59
13.82
12.78

L50

10.61–16.75
12.14–15.47

14.91–21.10
14.87–20.04

6.24–8.36
8.10–9.01
12.46–15.3
10.29–15.83
9.40–14.45
5.28–11.34
12.89–14.61
10.60–13.95

95% CI

Pau dos Ferros

F = females, M = males, n = number of individuals, 1 First report of the L50; 2 first report of the L50 for the tropical semiarid region; S significant difference at P < 0.05.

Crenicichla menezesi1

Trachelyopterus galeatus2

Loricariichthys derbyi1

Hypostomus pusarum1

Hoplias malabaricus2

Triportheus signatus 1

Leporinus taeniatus1

Leporinus piau1

Prochilodus brevis

1

Curimatella lepidura

Species

Total length [cm]

0.320
0.246

0.112
0.001S
0.078
0.009S
0.115
0.497

P value
(ANCOVA)

Table 1
Estimation of length at first maturity, L50 (95% CI), and ANCOVA results for the fish species of the Santa Cruz and Pau dos Ferros reservoirs in tropical, semiarid Brazil

First maturity of fishes in the Brazilian semiarid region

197

198

Souza et al.

REFERENCES
Agostinho A.A., Gomes L.C., Pelicice F.M. 2007.
Ecologia e Manejo de Recursos Pesqueiros em
Reservatórios do Brasil. [Ecology and Management of
Fisheries Stock in the Reservoirs of Brazil.] Eduem,
Maringá, Brazil. [In Portuguese.]
Barthem R.B. 1987. Uso de redes de espera no estudo de
ritmos circadianos de algumas espécies de peixes nos
lagos de várzea no rio Solimões. [Use of passive nets
in the study of circadian rhythms of some fish species
in the floodplain lakes of the Solimões River.] Revista
Brasileira de Zoologia 3 (7): 409–422. [In Portuguese.]
DOI: 10.1590/S0101-81751986000300001
Barzotto E., Mateus L. 2017. Reproductive biology of
the migratory freshwater fish Salminus brasiliensis
(Cuvier, 1816) in the Cuiabá River basin, Brazil.
Journal of Applied Ichthyology 33 (3): 415–422. DOI:
10.1111/jai.13262
Britto S.G.C., Carvalho E.D. 2013. Reproductive
migration of fish and movement in a series of
reservoirs in the Upper Parana River basin, Brazil.
Fisheries Management and Ecology 20 (5): 426–433.
DOI: 10.1111/fme.12030
Brown-Peterson N.J., Wyanski D.M., Saborido-Rey
F., Macewicz B.J., Lowerre-Barbieri S.K. 2011. A
standardized terminology for describing reproductive
development in fishes. Marine and Coastal Fisheries 3
(1): 52–70. DOI: 10.1080/19425120.2011.555724
Fontoura N.F., Braun A.S., Milani P.C.C. 2009.
Estimating size at first maturity (L50) from
gonadossomatic index (GSI) data. Neotropical
Ichthyology 7 (2): 217–222. DOI: 10.1590/S167962252009000200013
Froese R., Pauly D. (eds.) 2019. FishBase. [Version
02/2019] http://www.fishbase.org
King M.G. 2007. Fisheries biology: Assessment and
management. 2nd edn. Blackwell Publishing, Oxford,
UK.
Lappalainen A., Saks L., Šuštar M., Heikinheimo
O., Jürgens K., Kokkonen E., Kurkilahti M.,
Verliin A., Vetemaa M. 2016. Length at maturity

as a potential indicator of fishing pressure effects on
coastal pikeperch (Sander lucioperca) stocks in the
northern Baltic Sea. Fisheries Research 174: 47–57.
DOI: 10.1016/j.fishres.2015.08.013
Lourenço L.S., Souza U.P., Fernandes I.M., Petrere
M.jr. 2015. Spatiotemporal variation in life history
traits of three small fishes in streams of south-eastern
Brazil. Fisheries Management and Ecology 22 (2):
143–151. DOI: 10.1111/fme.12114
Mattox G.M.T., Bifi A.G., Oyakawa O.T. 2014.
Taxonomic study of Hoplias microlepis (Günther,
1864), a trans-Andean species of trahiras (Ostariophysi:
Characiformes: Erythrinidae). Neotropical Ichthyology
12 (2): 343–352. DOI: 10.1590/1982-0224-20130174
Moura R.S.T.D., Henry-Silva G.G. 2015. Limnological
characteristics of a hydrographic basin of the Brazilian
semiarid region. Acta Limnologica Brasiliensia 27 (1):
51–59. DOI: 10.1590/s2179-975x3114
Ogle D.H. 2016. Introductory fisheries analyses with
R. Chapman and Hall/The R Series, Boca Raton FL,
USA.
Orsi M.L. 2010. Estratégias reprodutivas de peixes
da região média-baixa do Rio Paranapanema,
Reservatório de Capivara. [Reproductive strategies
of fishes from the middle-lower Paranapanema River,
Capivara Reservoir.] Blucher Acadêmico, São Paulo,
Brazil. [In Portuguese.]
R Core Team. 2018. R: A language and environment for
statistical computing. https://www.r-project.org/
Sharpe D.M.T., Hendry A.P. 2009. Life history change
in commercially exploited fish stocks: An analysis of
trends across studies. Evolutionary Applications 2 (3):
260–275. DOI: 10.1111/j.1752-4571.2009.00080.x
Tomasini J.A., Laugier T. 2005. Male reproductive
strategy and reserve allocation in sand smelt from
brackish lagoons of southern France. Journal of
Fish Biology 60 (3): 521–531. DOI: 10.1111/j.10958649.2002.tb01681.x
Wootton R.J. 1998. Ecology of teleost fishes. 2 edn.
Kluwer Academic Publishers, Fish and Fisheries
Series 24, Dordrecht, Boston, London.
Received: 28 August 2018
Accepted: 15 November 2018
Published electronically: 15 June 2019

