
Bol. Inst. Pesca, 2026, 52: e929 | https://doi.org/10.20950/1678-2305/bip.2026.52.e929 1/11

BOLETIM DO INSTITUTO DE PESCA
Scientific Article 

ABSTRACT
Understanding the impact of exploitation patterns on yields is crucial for ensuring the sustainability of fishing 
activities. However, data availability can hamper the assessment of how close resources are to optimal exploitation. 
We gathered simple life history parameters of shrimp stocks in Brazil using published data and applied a yield per 
recruit model to determine the optimal combinations of first catch length and fishing mortality for maximizing 
yields. We evaluated five marine shrimp species, Farfantepenaeus subtilis, F. brasiliensis, F. paulensis, Xiphopenaeus 
kroyeri, and Litopenaeus schmitti, distributed across four major Brazilian regions (North, Northeast, Southeast, 
and South). A clear pattern emerged: stocks in Northeast demonstrated high yields with appropriate first catch 
lengths and fishing mortality rates, with only some cases 12% below the optimum level. In contrast, the Southeast 
region presented more concerning situations. Its fisheries employed very small first catch lengths, capturing 
individuals at early life stages, below the length of first maturation, harming reproduction and stock replenishment. 
Combined with high fishing mortality rates, this resulted in yields 37% below the optimal, indicating signs of 
growth overfishing. 

Keywords: Shrimp fishing; Yield per recruit; Stock assessment; Fisheries management; Marine shrimp.

Adaptando-se para a sustentabilidade: compreendendo a dinâmica populacional de 
camarões-marinhos e a otimização do rendimento em águas costeiras brasileiras

RESUMO
Compreender o impacto dos padrões de exploração sobre o rendimento é crucial para garantir a sustentabilidade 
das atividades pesqueiras, no entanto a disponibilidade de dados pode dificultar a avaliação da proximidade dos 
recursos à exploração ótima. Reunimos parâmetros simples do ciclo de vida de estoques de camarão no Brasil 
utilizando dados publicados e aplicamos um modelo de rendimento por recruta para determinar as combinações 
ótimas de comprimento da primeira captura e mortalidade por pesca para maximizar o rendimento. Avaliamos 
cinco espécies de camarão-marinho, Farfantepenaeus subtilis, F. brasiliensis, F. paulensis, Xiphopenaeus kroyeri e 
Litopenaeus schmitti, distribuídas em quatro grandes regiões brasileiras (Norte, Nordeste, Sudeste e Sul). Um padrão 
claro emergiu: os estoques no nordeste apresentaram alta produtividade, com comprimentos de primeira captura 
e taxas de mortalidade por pesca adequados e apenas alguns casos 12% abaixo do nível ótimo. Em contraste, a 
Região Sudeste apresentou situações mais preocupantes. Essas pescarias empregaram comprimentos de primeira 
captura muito pequenos, capturando indivíduos em estágios iniciais de vida, abaixo do comprimento da primeira 
maturação, prejudicando a reprodução e a reposição dos estoques. Combinado com altas taxas de mortalidade por 
pesca, isso resultou em rendimentos 37% abaixo do ideal, indicando sinais de sobrepesca de crescimento.

Palavras-chave: Pesca de camarão, Rendimento por recruta, Avaliação de estoque, Gestão da pesca, Camarão-
marinho.
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INTRODUCTION
Penaeid shrimp is a highly valuable fishery resource, inhabiting 

coastal and shallow waters and depending on estuarine and 
mangrove habitats during parts of its life cycle (NOAA Fisheries, 
2019). Farfantepenaeus and Litopenaeus species typically use 
estuaries during the late larval and early settlement stages, later 
moving to coastal areas as juveniles and then to deeper waters for 
reproduction (Pickens et al., 2021; Whitfield, 2017). In contrast, 
Xiphopenaeus species develop mainly in shallow coastal zones 
with limited estuarine use (Pavanelli et al., 2010; Pescinelli et al., 
2017). These groups also show distinct life-history traits, including 
specific patterns of growth, mortality, maturity, and longevity 
(Pavanelli et al., 2010; Pescinelli et al., 2017).

These species exhibit accelerated growth, rapidly reaching 
maturity and commercial sizes, which supports rapid biomass 
turnover and consistent revenue for fisheries, as profit per unit 
weight increases with individual size (Freire et al., 2020). This 
importance is reflected globally: shrimp account for roughly 
16% of exported seafood, although recent market contractions 
(-1.6% in import volume and -5.9% in value) highlight the high 
volatility of the sector (FAO, 2025). Despite their economic 
importance, shrimp stocks are finite and remain vulnerable 
to increasing demand, high fishing pressure, and the lack of 
effective measures such as closed seasons, minimum size limits, 
and catch quotas (Gallaway et al., 2017; Watson et al., 2013). 
The early capture of individuals below the size at first maturation 
can intensify these impacts (Musiello-Fernandes et al., 2017). 
When effort becomes excessive, populations may decline 
and overfishing can occur, jeopardizing the fishery long-term 
sustainability (Pauly et al., 2002; Temming & Hufnagl, 2015).

Efforts to optimize fisheries exploitation have been intensified 
in recent decades, supported by international agreements that 
aim to maintain stocks at levels capable of producing high yields 
without compromising long-term sustainability (Mildenberger 
et al., 2022; United Nations, 1982). However, estimating such 
reference points requires catch, age, length, or effort data, which are 
often unavailable for many fisheries, including shrimp (Berkson & 
Thorson, 2015; Martell & Froese, 2013), due to factors such as 
low commercial value, restricted distributions, or limited capacity 
to collect reliable statistics (Zeller et al., 2016). In these data-poor 
contexts, life-history parameters become critical for understanding 
stock composition and the shared strategies of related species 
regarding growth, mortality, reproduction, migration, and habitat 
use (Secor, 2015), offering insights into abundance, productivity, 
and vulnerability to fishing (Begg et al., 1999; Kerr et al., 2017). 
Simple parameters describing growth, reproduction, selectivity, 

and mortality can characterize population dynamics and serve as 
inputs for predictive stock assessment models that evaluate how 
exploitation patterns influence yields (Gribble & Dredge, 1994; 
Temming & Hufnagl, 2015; Warahma et al., 2021).

Among these tools, yield per recruit (Y/R) analysis remains 
widely applied to estimate optimal combinations of age or length 
at first catch (Tc or Lc) and fishing mortality (F), or to identify the 
values that maximize yield at a given mortality level (Beverton & 
Holt, 1957; Pikitch, 1987; Ricker, 1975). Classical formulations rely 
on parameters such as asymptotic length (L∞), growth coefficient 
(k), first-catch length (Lc), and natural and fishing mortality (M and 
F), while more recent approaches incorporate additional information 
on gear selectivity and economic value to improve management 
insights (Gribble & Dredge, 1994; Pikitch, 1987).

In Brazil, several penaeid shrimp species support important 
coastal fisheries. The seabob shrimp Xiphopenaeus kroyeri 
(Heller, 1862), distributed from Virginia (United States of 
America) to southern Brazil, is small-sized but represents a major 
component of catches, especially in the Northeast (Holthuis, 
1980; Silva et al., 2013). Recent taxonomic revisions indicate 
that Brazilian populations comprise multiple species, including 
Xiphopenaeus dincao and Xiphopenaeus baueri (Carvalho-
Batista et al., 2019). The white shrimp Litopenaeus schmitti 
(Burkenroad, 1936), found from Cuba to Rio Grande do Sul 
(Brazil), reaches larger sizes and holds higher commercial value 
(Pérez-Farfante & Kensley, 1997). Industrial fisheries mainly 
target the “pink shrimp” complex, composed of Farfantepenaeus 
subtilis, distributed from the Caribbean to Cabo Frio (RJ, Brazil) 
and heavily exploited in the North (Aragão et al., 2015; Pérez-
Farfante, 1978); Farfantepenaeus brasiliensis, ranging from 
North Carolina (United States of America) to southern Brazil 
and important in the Southeast (Leite Jr. & Petrere Jr., 2006); and 
Farfantepenaeus paulensis, with a more restricted distribution 
from Bahia (Brazil) to Argentina and commonly caught in the 
South (Leite Jr. & Petrere Jr., 2006; Zenger Jr. & Agnes, 1977).

Shrimp fisheries in Brazil are largely managed through 
closed seasons aimed at protecting recruitment, but the lack of 
biological and fishery data has limited the development of more 
refined measures, particularly those defining optimal harvest sizes 
(MAPA, 2019; SUDEPE, 1983). To address this gap, we compiled 
life-history parameters for white, seabob, and pink shrimp from 
published studies and used them to compare stock characteristics 
and perform Y/R analyses. By estimating the combinations of 
first-catch length and fishing mortality that maximize yield, this 
study provides simple, actionable benchmarks for optimizing 
exploitation in data-limited contexts. These results offer practical 
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guidance for strengthening management strategies and improving 
the long-term sustainability of Brazilian shrimp fisheries.

MATERIALS AND METHODS
Species

Five shrimp species were evaluated: the pink category 
(F. subtilis, F. brasiliensis, and F. paulensis), seabob shrimp 
(X. kroyeri), and white shrimp (L. schmitti). Although X. kroyeri is 
recognized as multiple species nowadays, it was treated as a single 
group, because past population studies did not distinguish it.

Life-history parameters
Life-history data were obtained from scientific articles, 

technical reports, and theses/dissertations retrieved from public 
databases (Scopus, Google Scholar, Web of Science, and 
Scientific Electronic Library Online—SciELO). Searches used 
keywords such as “population dynamics,” “shrimp growth,” 
“shrimp mortality,” “shrimp reproduction,” and “shrimp life 
history,” and all years with available estimates were considered.

Growth, maturation, selectivity, and mortality parameters were 
compiled from published estimates. Growth was described using 
the von Bertalanffy parameters L∞ and W∞, the growth coefficient 
k, and t0 set to 0 to avoid unrealistic age estimates (Leite Jr. & 
Petrere Jr., 2006; Lopes et al., 2014; Silva et al., 2016). 
Maturation was represented by the length at first maturity (L50), 
corresponding to a 0.5 probability of reproductive capability. 
Selectivity was described by the length at first capture (Lc), 
indicating a 0.5 probability of retention by the fishing gear, and 
the recruitment length (Lr), marking entry into the fishable stock. 
Mortality parameters included fishing mortality (F), estimating 
removals due to fishing, and natural mortality (M), representing 
losses from natural causes.

Data availability varied among species and regions, which 
limited the application of models in cases in which parameters were 
missing (e.g., X. kroyeri, F. brasiliensis, and L. schmitti in the South). 
When M estimates were unavailable (L. schmitti and X. kroyeri in 
the North), values were obtained using the natural mortality tool 
(Cope & Hamel, 2022), based on L∞, W∞, longevity, and k, and the 
mean among methods was used in subsequent analyses.

Stocks
Stock units remain uncertain, but genetic, morphometric, and 

larval-dispersion evidence, including homozygosity patterns, 
morphometric similarity, and larval transport, suggests potential 
biomass flow and stock differentiation (Beacham et al., 2017). 
Studies have identified distinct stocks of L. schmitti over short 
distances influenced by the equatorial South current, as well as 

marked genetic differences between F. brasiliensis and F. paulensis in 
the Southeast–South regions (Gusmão et al., 2005; Luvesuto, 2006; 
Teodoro et al., 2015). Together, these findings indicate the existence 
of at least two or more stocks along the Brazilian coast, reinforcing 
the need to understand stock structure for proper exploitation and 
future management (Gusmão et al., 2013). Based on this evidence, 
we considered regional differentiation of stocks: F. subtilis in the 
North–Northeast; F. brasiliensis in the Southeast; F. paulensis in the 
Southeast–South; L. schmitti in the North, Northeast, and Southeast; 
and X. kroyeri in the North, Northeast, and Southeast.

Transformations
Estimates for males and females were combined into means 

for both sexes. Length estimates were primarily in carapace 
length (CL), but a standardization transformation to total length 
(TL) was calculated, assuming a linear biometric relationship 
between TL and CL for shrimp (Eq. 1):

                            	 (1)

Where: β0: the intercept; β1: the slope. 
These parameters were provided for each species: F. brasiliensis 

and F. paulensis (Leite Jr. & Petrere Jr., 2006), F. subtilis (Silva 
et al., 2016), L. schmitti (Silva et al., 2019), and X. kroyeri 
(Lopes et al., 2014).

The asymptotic length (L∞) was converted to asymptotic 
weight (W∞) assuming a power biometric relationship between 
weight (W) and TL (Eq. 2):

                                	 (2)

Where: β0: the scale parameter; β1: the exponent parameter. 
These parameters were provided for F. subtilis, L. schmitti, 

and X. kroyeri (Carvalho et al., 2015), and for the other pink 
species F. brasiliensis and F. paulensis (D’Incao & Calazans, 
1978). These equations were useful in estimating the W∞ 
parameter for the model and maintaining the easy conversion of 
an output metric based on the TL of individuals. 

The recruitment length (Lr) and first-catch length (Lc) were 
converted into relative ages of recruitment (Tr) and first catch 
(Tc) using the inverse von Bertalanffy growth equation (Eq. 3): 

                      	 (3)

Where: L∞, k, and t0: growth parameters; L: the desired length to 
be converted to age (t).
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Yield per recruit 
The incorporation of the mean estimates of the life-history 

parameters for each stock considered here was used as input data 
in Y/R model (Beverton & Holt, 1957) seeking to relative yield 
to recruitment for a given F and Tc levels for the shrimp fisheries 
in Brazil (Eqs. 4 and 5). 

       	 (4)

                                  H = e[–k(Tc – t0)]	 (5)

Where: : the yield per recruit; Z: total mortality coefficient, i.e., 
Z = F + M.

Sensitivity analysis was used to evaluate how variations in 
fishing mortality (F) and age at Tc affect Y/R. Because the model 
assumes equilibrium and constant recruitment, some Y/R curves 
do not show a clear maximum; instead, they rise asymptotically, 
producing unrealistically high optimal F values and suggesting 
that effort could increase indefinitely without reducing yield. 
Although metrics such as F0.1 (Gulland & Boerema, 1973) 
were proposed to address this issue, they remain unsuitable for 
species with small L∞, high k, and high M, typical of shrimp, 
since they still yield excessively high F estimates. To avoid these 
unrealistic outcomes, we focused on identifying the initial high-
yield plateau of the Y/R curve, restricting F and Tc to ranges 
commonly observed in shrimp fisheries. Projections outside 
realistic fishing conditions were not considered.

All analyses were performed in R (version 4.2.0; R Core Team, 

2022), using the TropfishR package (Mildenberger et al., 2017) 
to fit the Y/R models. All code, along with the full spreadsheets 
containing life-history data and references, is available at 
https://github.com/silvamls/Shrimp-Yield-Per-Recruit.

RESULTS
Life-history parameters

A total of 219 life-history parameter estimates were compiled 
and standardized. For F. subtilis, 36 estimates were obtained, evenly 
divided between the North and Northeast, with maturity (L50) being 
the most frequent (13 records), followed by growth parameters 
(L∞ and k, five each). F. brasiliensis contributed 17 estimates from 
the Southeast, with L∞, k, and L50 represented by three records 
each. For F. paulensis, 28 estimates were evenly distributed across 
the Southeast and South, mainly growth parameters (L∞ and k). 
L. schmitti accounted for 51 estimates, largely from the Northeast, 
dominated by maturity (L50) and growth parameters (L∞, k, t0), 
whereas the North and South regions contributed only two 
estimates each. X. kroyeri was the most data-rich species, with 87 
estimates concentrated in the Northeast and Southeast, primarily 
L50 maturity records, followed by growth parameters (L∞, k, t0). 

F. subtilis showed clear regional contrasts. Growth was 
slower in the North (k = 1.15 year-1) than in the Northeast 
(k = 1.74 year-1), and both Tr and Tc occurred earlier in the 
Northeast (Tr = 0.35; Tc = 0.34 years) than in the North 
(Tr = 0.76; Tc = 0.71 years). Fishing and natural mortalities 
(F and M) were also higher in the Northeast, indicating a more 
intensive exploitation pattern (Table 1). 

Table 1. Averages parameter estimations of asymptotic length L∞ (total length, cm) asymptotic weight W∞ (g), growth coefficient 
k (year-1), first maturation length L50 (total length, cm), recruitment length Lr (total length, cm), recruitment age Tr (years), length 
at first capture Lc (total length, cm), length at first capture Tc (years), fishing mortality F (year-1), and natural mortality M (year-1)*. 

Region Species L∞ W∞ k L50 Lr Tr Lc Tc F M
N F. subtilis 18.57 34.28 1.15 10.72 10.70 0.76 9.58 0.71 2.33 2.32

NE F. subtilis 19.55 43.56 1.74 8.80 9 0.35 8.8 0.34 3.11 2.15
SE F. brasiliensis 21.19 71.3 1.71 13.36 6.91 0.23 6.5 0.22 6.6 2.00
SE F. paulensis 20.21 65.9 1.90 13.99 6.41 0.19 6.72 0.21 7.87 2.21
S F. paulensis 18.45 49.91 0.78 15.80 7.50 0.66 8.8 0.83 5.80 1.44
N L. schmitti 12.21 25.90 1.30 12.75 9 1.02 6.5 0.58 2.18

NE L. schmitti 15.35 57.41 1.49 10.31 7.20 0.42 9.25 0.62 2.15 1.60
SE L. schmitti 18.74 77.28 1.99 11.94 6.80 0.22 11 0.44 4.09 1.92
N X. kroyeri 12 11.05 1.22 7.40 5.23 0.49 6.02 0.58 2.21

NE X. kroyeri 14.54 18.12 1.76 6.75 5.33 0.26 8.09 0.46 4.85 2.68
SE X. kroyeri 12.46 15.02 1.69 7.12 7.20 0.52 7.26 0.53 3.70 0.60

*All compiled parameters are available in the supplementary online GitHub repository (https://github.com/silvamls/Shrimp-Yield-Per-Recruit).
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For F. brasiliensis, most parameters were estimated for the 
Southeast. Its asymptotic length (L∞ = 21.19 cm) was similar to 
F. paulensis (20.21 cm) in the same region, although k 
differed. Both species showed some of the earliest recruitment 
ages observed (Tr = 0.23 and 0.19∙years, respectively), 
accompanied by high fishing mortalities (F). F was slightly 
higher for F. paulensis (7.87∙year-1) than for F. brasiliensis 
(6.6∙year-1), and both species exhibited intense exploitation, 
with Lc well below L50.

For L. schmitti, parameters were mostly estimated in the 
North, Northeast, and Southeast. Individuals reached smaller 
sizes at slower rates in the North, with lower W∞ (25.90 g) 
compared to the Northeast (57.4 g) and Southeast (77.28 g), and 
lower k (1.30 versus 1.49 and 1.99∙year-1). Fishing mortality was 
the highest in the Southeast (4.9∙year-1) compared to Northeast 
(2.15∙year-1) (Table 1).

Xiphopenaeus kroyeri had estimates across all regions. Growth 
was the fastest in the Northeast (1.76∙year-1), and Tr and Tc the 
lowest (0.26 and 0.46 years). The Southeast followed with relatively 
high growth and early recruitment (W∞ = 15.02 g; k = 1.69∙year-1; 
Tr = 0.52; Tc = 0.53∙years). Northeast fisheries also showed 
the highest F (4.85∙year-1), exceeding the Southeast (3.7∙year-1), 
which contrasted with the pattern observed for the other species 
(Table 1). Across species and regions, Lc were generally 
below the lengths at first maturity (L50). The most pronounced 
mismatches occurred for F. brasiliensis and F. paulensis in the 
Southeast, where Lc was only ~48% of L50, indicating an overall 
widespread early capture (Table 1).

Yield per recruit
Across all stocks, the Y/R surfaces revealed well-defined 

regions of maximum yield associated with specific combinations 
of fishing mortality (F) and Lc. For F. subtilis, the North stock 
reached its highest Y/R (~6 g/recruit) at Lc ≈ 9 cm and F ≳ 2.8∙year-1, 
while in the Northeast the maximum (~6.5 g/recruit) occurred at 
Lc ≈ 12 cm and F ≳ 3.8∙year-1.

For F. brasiliensis in the Southeast, the peak Y/R 
(~9 g/recruit) was linked to Lc ≈ 13 cm and F ≳ 4.8∙year-1. 
F. paulensis exhibited similar patterns: in the Southeast, 
the highest Y/R (~8 g/recruit) occurred at Lc ≈ 12 cm and 
F ≳ 3.5∙year-1, while in the South (~5 g/recruit) it occurred 
near Lc ≈ 10 cm and F ≈ 4∙year-1. For L. schmitti, the 
maximum Y/Rs were observed at Lc ≈ 6.5 cm, F ≈ 2.9 year-1 
in the North (~10 g/recruit); Lc ≈ 9 cm, F ≳ 1.9∙year-1 in 
the Northeast (~9 g/recruit); and Lc ≈ 12 cm, F ≳ 3.8∙year-1 

in the Southeast (~12 g/recruit). For X. kroyeri, the North 
stock reached its maximum Y/R (~1.2 g/recruit) at Lc ≈ 6 cm 
and F ≈ 3.5∙year-1; the Northeast one (~1.8 g/recruit), at 
Lc ≈ 8 cm and F ≳ 3.9∙year-1; and in the Southeast, the 
highest Y/R (~6.5 g/recruit) occurred at Lc ≈ 10 cm and 
F ≳ 4.5∙year-1 (Fig. 1).

Across regions and species, the Y/R analysis revealed 
marked contrasts between current exploitation patterns and 
potential yields (Fig. 1). For F. subtilis in the North (Fig. 1a), 
the average exploitation pattern produces 5.5 g/recruit, slightly 
below the maximum yield. However, the maintenance of the 
current Lc and increasing F to ~2.8∙year-1 would allow yields 
to reach 6 g/recruit, characterizing an underexploited condition. 
In the Northeast (Fig. 1b), F. subtilis shows high F and low Lc, 
resulting in reduced yields (5.5 g/recruit) and clear signs of 
growth overfishing (Table 2).

For F. brasiliensis in the Southeast (Fig. 1c), the average 
pattern yields one of the lowest values observed (≈5 g/recruit), 
far from the potential maximum, driven by a combination 
of very high F and very low Lc, indicating severe growth 
overfishing. A similar pattern was observed for F. paulensis 
in the Southeast (Fig. 1d), where extreme F and low Lc also 
generate low yields (~5 g/recruit) and characterize growth 
overfishing. In the South (Fig. 1e), F. paulensis showed slightly 
lower yields (~4.5 g/recruit) than the maximum attainable, 
with overfishing still evident but less pronounced than 
in the Southeast.

For L. schmitti in the North (Fig. 1f), F estimates were 
unavailable, but the observed Lc combined with F ≈ 3 year-

1 resulted in maximum yields (~10 g/recruit). In the Northeast 
(Fig. 1g), the fishery has generated yields compatible with the 
maximum predicted, indicating full exploitation without signs of 
yield loss. Conversely, in the Southeast (Fig. 1h), the high yield 
expected under optimal conditions is not achieved; the current 
exploitation level yields 11 g/recruit, only slightly below the 
maximum, indicating mild overfishing.

For X. kroyeri in the North (Fig. 1i), F information was 
lacking, but the average Lc would be compatible with maximum 
yields if combined with F > 3.5∙year-1. In the Northeast (Fig. 1j), 
the average exploitation pattern produces yields near the 
maximum predicted, characterizing a fully exploited stock 
without evident loss of yield. In contrast, X. kroyeri in the 
Southeast (Fig. 1k) generates only ~4.5 g/recruit, reflecting low 
yields and clear signs of growth overfishing.
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Figure 1. Yield-per-recruit isopleths for: (a) Farfantepenaeus subtilis, in the North, (b) Farfantepenaeus subtilis, in the Northeast, (c) 
Farfantepenaeus brasiliensis, in the Southeast, (d) Farfantepenaeus paulensis, in the Southeast, (e) Farfantepenaeus paulensis, in the 
South, (f) Litopenaeus schmitti, in the North, (g) Litopenaeus schmitti, in the Northeast, (h) Litopenaeus schmitti, in the Southeast, (i) 
Xiphopenaeus kroyeri, in the North, (j) Xiphopenaeus kroyeri, in the Northeast, and (k) Xiphopenaeus kroyeri, in the Southeast. The 
average observed exploitation, represented by the mean length at first capture (Lcavg, cm) and the mean fishing mortality (Favg, year-1), 
is shown as dotted reference lines.

0.0       0.5      1.0       1.5      2.0      2.5       3.0

0       1        2       3       4       5        6       7    

0        1        2        3        4        5        6        7    0             1             2             3            40            1            2            3            4            5

0               1                2               3               4 0.0     0.5       1.0       1.5     2.0       2.5       3.0 0           1           2           3          4           5

0               1               2                3               4 0              2               4              6               8 0            2            4            6            8           10

14

12

10

8

6

4

2

14

12

10

8

6

4

10

8

6

4

2

12

10

8

6

4

2

12

10

8

6

4

10

8

6

4

2

14

12

10

8

6

4

2

16

14

12

10

8

6

4

14

12

10

8

6

4

2

15

10

5

18

16

14

12

10

8

6

4
Fagv

Fagv

Fagv Fagv

Fishing mortality (F) (year-1)

Le
ng

th
 a

t fi
rs

t c
ap

tu
re

 (L
c)

 (c
m

) Fagv Fagv

Fagv Fagv

Fagv

Lcagv

Lcagv

Lcagv
Lcagv

Lcagv

Lcagv

Lcagv Lcagv Lcagv

Lcagv Lcagv

Table 2. Summary of maximum yield-per-recruit (Y/Rmax, g/recruit) predicted from the isopleth surfaces and the yield generated 
under the observed exploitation pattern (Y/Robs, g/recruit) for each stock*. 

Species Region Y/Rmax Fmax Lcmax Y/Robs Fobs Lcobs Statusobs

F. subtilis North 6.0 2.6–3.5 8.5–10.5 5.5 2.33 9.58 Underexploited
F. subtilis Northeast 6.5 3.8–4.5 10.5–13.0 5.5 3.11 8.80 Overexploited

F. brasiliensis Southeast 9.0 4.8–8.5 14.0–16.0 5.0 6.6 6.50 Overexploited
F. paulensis Southeast 8.0 3.5–10.0 11.0–16.0 5.0 7.87 6.72 Overexploited
F. paulensis South 5.0 4.0–7.5 9.5–12.0 4.5 5.80 8.80 Overexploited
L. schmitti North 10.0 2.9–4.0 5.0–8.0 — — 6.50 —
L. schmitti Northeast 9.0 1.9–3.0 7.0–11.0 9.0 2.15 9.25 Fully exploited
L. schmitti Southeast 12.0 3.8–5.5 11.0–15.0 11.0 4.09 10.50 Overexploited
X. kroyeri North 1.2 3.5–5.0 5.5–8.0 — — 6.02 —
X. kroyeri Northeast 1.8 3.9–7.0 7.0–11.0 1.8 4.85 8.09 Fully exploited
X. kroyeri Southeast 6.5 3.6–5.0 10.0–11.0 4.5 3.70 7.26 Overexploited

Fmax: fishing mortality (year-1); Lcmax: length at first capture (cm); Fobs: observed fishing mortality (year-1); Lcobs (cm): observed first-capture length; *stock status was 
classified by comparing Y/Robs with the maximum achievable yield (Y/Rmax), considering the joint effect of F and Lc.

(a) (b) (c) (d)
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DISCUSSION
The availability of data remains a major challenge for many 

countries, especially for nations like Brazil, where political and 
economic issues limit the capacity to collect fisheries information 
(Musiello-Fernandes et al., 2017; Silva & Andrade, 2023; Zeller 
et al., 2016). Y/R analyses offer a practical alternative under low 
data availability, particularly for the data-poor shrimp fisheries 
in the country, as they can provide valuable management insights 
even with limited population-dynamic information (Beverton & 
Holt, 1957; Pikitch, 1987).

Shrimp fisheries along the Brazilian coast exhibit marked 
regional differences. In the North, the Amazon River supplies 
nutrient-rich suspended material that sustains productive 
estuarine artisanal fisheries, while industrial fleets operate 
offshore targeting F. subtilis (Aragão et al., 2015; Carvalho et al., 
2015). In the Northeast, fisheries are predominantly artisanal, 
especially near the São Francisco River mouth, occurring 
in shallow waters (< 20 m); beach seines are used by non-
motorized fishers, whereas motorized vessels employ double-rig 
trawls (Lopes et al., 2014; Silva et al., 2019). In the Southeast 
and South, industrial fleets exploit deeper areas targeting pink 
shrimps (F. paulensis and F. brasiliensis). In the South, artisanal 
fisheries also occur in the Patos Lagoon (Castilho et al., 2015; 
Eutrópio et al., 2013). 

Estimating predictive yield per recruit across different 
combinations of Lc and fishing mortality (F) provides a simple 
basis for evaluating exploitation status and determining whether 
current fishing patterns approach optimal productivity. Clear 
regional contrasts emerged. In the North and Northeast, higher 
yields were generally associated with larger Lc values, often 
above the maturation length (Lc > L50), indicating that allowing 
shrimp to reproduce before capture enhances yield while 
keeping F at levels compatible with biological productivity. 
However, some stocks showed elevated fishing mortality, such 
as F. subtilis in the Northeast, resulting in growth overfishing. 
Similar high exploitation levels have been reported previously 
for this species in the region (Silva et al., 2015). In contrast, the 
industrial fishery for F. subtilis in the North did not show signs 
of growth overfishing under the average exploitation patterns 
used here. Other assessments have likewise suggested signs of 
recovery in this stock, with exploitation levels approaching, but 
not exceeding, biological limits (Aragão et al., 2015). 

In the Southeast region, the exploitation patterns of several 
stocks revealed a persistent and concerning state of growth 
overfishing. The pink shrimp species F. brasiliensis and F. paulensis 
are particularly affected, as they have been harvested at very 

low Lc, well below their maturation size (Lc < L50). This results 
in substantial losses of somatic growth potential and limits the 
proportion of individuals that reach reproductive age. 

Under the average exploitation patterns examined here, all 
these stocks require substantial increases in Lc, coupled with 
reductions in fishing mortality, to return to higher-yield regions 
of the Y/R surface. Notably, the fishing mortalities estimated 
for these species were the highest among all shrimp fisheries 
evaluated. Such elevated F values likely reflect decades of 
intense and largely uncontrolled fishing pressure, characterized 
by high extraction rates, growing fishing effort, and increases 
in fleet size, conditions long documented for these fisheries 
(D’Incao et al., 2002; MAPA, 2022; Santos, 2007). 

Although most Lc values used in this study were derived 
from commercial fisheries and selectivity studies using 
commercial gear, some estimates originated from scientific 
surveys conducted over areas broader than the actual fishing 
grounds. This may introduce discrepancies between estimated 
Lc and the sizes effectively harvested by the fishery and 
should be considered when interpreting exploitation patterns. 
Importantly, the exploitation patterns (Lc and F) used here do 
not represent only present-day conditions but rather compile 
historical estimates. For F. subtilis, fishing mortality estimates 
span from the 1990s to the 2010s in the North, and from 2016 
in the Northeast. For F. paulensis and F. brasiliensis in the 
Southeast and South, estimates range from the 1990s to the 
2020s, consistently indicating increasing F through time. For 
X. kroyeri, most Lc and F values come from studies conducted 
mainly after the 2010s, with limited older information. For 
L. schmitti, Lc and F estimates were derived from studies from 
the 2010s in the Southeast and from more recent work (2019) 
in the Northeast (see Suppl. Mat. in https://github.com/silvamls/
Shrimp-Yield-Per-Recruit). Therefore, the exploitation pattern 
adopted in this study combines older and more recent estimates 
(2010s–2020s) to derive average values, reflecting data 
availability for each species. Assuming exploitation patterns 
remained broadly comparable over time, these averages provide 
a practical approximation of expected yields for these fisheries.

The Y/R model is fundamentally a steady-state model, if 
fishing patterns have remained constant over long periods and 
that all individuals experience the same exploitation regime since 
recruitment (Sparre & Venema, 1998). Mortality is assumed to 
occur continuously following a knife-edge selectivity pattern, 
with abundance declining progressively from an initial cohort 
of recruits (Beverton & Holt, 1957). Although these methods 
rely on equilibrium assumptions such as constant recruitment 
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and mortality rates, they remain valuable tools for exploring 
exploitation scenarios under data-limited conditions (Beverton 
& Holt, 1957; Rudd & Thorson, 2018; Sparre & Venema, 1998). 

In this study, additional uncertainty arises from the 
compilation of life-history parameters derived from different 
sources, time periods, and methodologies, as well as from the 
assumption of regionally distinct stock units and the use of 
historical average exploitation patterns (F and Lc) that may 
not fully reflect current fishing conditions. Nevertheless, Y/R 
analyses provide robust reference points for management by 
identifying combinations of fishing mortality and size at first 
capture that maximize cohort yield. These reference patterns can 
inform management actions such as mesh-size regulation, effort 
control, vessel limitation, and seasonal closures (Melnychuk et al., 
2021; Sparre & Venema, 1998; SUDEPE, 1983).

In Brazilian shrimp fisheries, the main management measure 
has been the enforcement of closed seasons aimed at protecting 
recruitment by allowing individuals to reach reproductive size 
or migrate from estuaries to offshore areas (MAPA, 2019; 2022; 
Musiello-Fernandes et al., 2017). In principle, this strategy reduces 
fishing mortality by limiting the capture of small individuals and 
preserving future yield potential. However, clear evidence of stock 
rebuilding remains limited, despite reported reductions in fishing 
effort, fleet size, and the adoption of more restrictive regulations 
in recent decades, particularly in the Southeast and South regions 
(D’Incao et al., 2002; MAPA, 2022; Musiello-Fernandes et al., 
2017). Additional management tools include limited-entry systems, 
control of vessel numbers, and the establishment of no-trawl 
zones, especially in sensitive habitats such as mangroves (Aragão 
et al., 2015; MAPA, 2022). Gear-based measures, particularly 
the adjustment of minimum mesh sizes, can increase Lc and 
reduce growth overfishing, especially in estuarine areas with high 
concentrations of juveniles (Castilho et al., 2015; Eutrópio et al., 
2013). The multispecific nature of trawl fisheries and the overlap 
of gear selectivity curves make mesh-size regulation particularly 
challenging: modifications intended to reduce the capture of 
smaller individuals of one species may inadvertently increase 
fishing pressure on larger or more valuable species (MAPA, 2022; 
Melnychuk et al., 2021; Musiello-Fernandes et al., 2017).

Based on the average exploitation patterns estimated in this 
study, the Southeast region appears to be the most affected. 
Despite the implementation of multiple regulatory measures, 
the observed exploitation pattern indicates losses in growth 
potential and persistent signs of overfishing. In contrast, the 
North and Northeast regions operate closer to maximum yield 
conditions, with no consistent evidence of severe overfishing, 
suggesting a lower immediate management urgency. Updated 

exploitation estimates are essential to properly evaluate these 
fisheries, particularly for assessing the effectiveness of existing 
management measures in the Southeast.

CONCLUSION
This study highlights clear regional differences in shrimp 

exploitation patterns along the Brazilian coast and their 
implications for sustainability. The North and Northeast regions 
generally operate closer to optimal yield conditions, with limited 
evidence of severe growth overfishing, whereas the Southeast faces 
critical challenges linked to the capture of immature individuals 
and elevated fishing mortality rates. In this region, effective 
management should prioritize increasing Lc and reducing fishing 
mortality. This research demonstrates the usefulness of data-limited 
approaches for fisheries assessment and emphasizes the need for 
updated evaluations and strengthened regulatory frameworks to 
support the long-term sustainability of Brazilian shrimp fisheries.
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