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Abstract 

Artisanal fisheries in Mexico frequently operate under data-limited conditions, lacking historical time 

series of catch and effort. The Atlantic sharpnose shark (Rhizoprionodon terraenovae) is caught by 

artisanal fisheries in Marine Priority Regions 45-46 and the influence area of the Playa Tortuguera 

Rancho Nuevo Wetland of International Importance, Tamaulipas, where it acts as a natural predator 

of Kemp's ridley sea turtle (Lepidochelys kempii) hatchlings, a critically endangered species. In this 

data-limited context, the population status of R. terraenovae was assessed for the first time using 

length-frequency based methods. Between November 2018 and February 2020, 541 organisms from 

the artisanal fishery in La Barra del Tordo were analyzed using FISAT II. The von Bertalanffy growth 

parameters for combined sexes were: L∞ = 105 cm, k = 0.59 yr⁻¹, t₀ = -0.195 yr. Total (Z), natural (M), 

and fishing (F) mortality rates were 4.13, 0.467, and 3.22 yr⁻¹, respectively. The mean exploitation rate 

(E = F/Z) was 0.78 (95% CI: 0.745-0.805), exceeding the reference point of 0.5 (Gulland, 1971), 

indicating severe overexploitation. The parameters showed biological consistency (Ø' = 3.81; M/k = 

0.79), and natural mortality (0.467 yr⁻¹) fell within the range reported for the species. This finding, in 

a priority conservation region under the Conservation Sector regime of the Marine Ecological Zoning 

Program, evidences the urgent need to implement ecosystem-based fisheries management. The study 

demonstrates that, even with limited data, it is possible to obtain robust estimates that reconcile 

fisheries sustainability with L. kempii conservation in protected natural areas. 

Keywords: Rhizoprionodon terraenovae; data-limited; overexploitation; marine priority regions; 

wetland of international importance; Kemp's ridley sea turtle; ecosystem-based management 

Key Contribution: First quantitative assessment of Rhizoprionodon terraenovae in Tamaulipas priority 

conservation areas revealing severe overexploitation (E = 0.78) through data-limited methods, 

highlighting the need for ecosystem-based management to reconcile artisanal fisheries with Kemp's 

ridley sea turtle conservation 
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1. Introduction 

Small-scale artisanal fisheries constitute the livelihood of millions of people in coastal 

communities of developing countries (FAO, 2020). However, these fisheries typically operate under 

data-limited conditions ("data-poor fisheries"), characterized by the absence of historical catch and 

effort time series, the lack of species-specific stock assessments, and the scarcity of basic biological 

information (Cochrane et al., 2011; Hilborn & Ovando, 2014). This limitation represents one of the 

most significant challenges for the assessment and sustainable management of fishery resources 

globally, particularly in high-priority conservation regions (Newman et al., 2015). 

Coastal sharks of the family Carcharhinidae are fundamental components of tropical and 

subtropical marine ecosystems, where they act as mid-to-high trophic level predators and contribute 

to the regulation of food webs (Cortés, 1999; Heithaus et al., 2008). Within this group, the Atlantic 

sharpnose shark Rhizoprionodon terraenovae (Richardson, 1837) is a small-sized shark (<150 cm) 

traditionally considered of "high biological productivity" due to its relatively fast growth rates, early 

maturity (3-4 years), and high reproductive potential (Cortés, 2000; Márquez-Farías & Castillo-Géniz, 

1998). However, this perception of resilience has been challenged by evidence of overexploitation in 

various regions of the Gulf of Mexico (Aguirre-García et al., 2004; Worm et al., 2013), generating a 

debate on the actual vulnerability of species with "fast" life histories facing intense, unregulated 

fishing pressures (Walker, 2005; Dulvy et al., 2014). 

The southern coast of Tamaulipas hosts two Marine Priority Regions for conservation in Mexico: 

Region 45 "La Pesca-Rancho Nuevo" and Region 46 "Laguna de San Andrés", designated in the Gulf 

of Mexico and Caribbean Sea Marine and Regional Ecological Zoning Program (DOF, 2012). These 

regions belong to the Conservation Sector, whose objective is "the promotion of protection, 

restoration, and conservation of ecosystems, natural resources, environmental goods and services, 

aimed at fostering their use while guaranteeing sustainable development" (DOF, 2012). Additionally, 

the Playa Tortuguera Rancho Nuevo site has been designated as a Wetland of International 

Importance (Ramsar Site No. 1326) due to its critical role in the nesting of the Kemp's ridley sea turtle 

(Lepidochelys kempii), an endemic species of the Gulf of Mexico and critically endangered (CONANP, 

2004; IUCN, 2023). 

In this high-priority conservation area, intense artisanal fishing activity targets multiple species, 

including R. terraenovae, which is caught both in directed longline fisheries and as bycatch in scale 

fish fisheries (DOF, 2012; CONANP, 2014). A crucial aspect, scarcely addressed in the literature, is 

the role of R. terraenovae as a natural predator of sea turtle hatchlings. The Management Program of 

the Playa Rancho Nuevo Sanctuary (CONANP, 2014) explicitly recognizes that species such as the 

sharpnose shark exert predation pressure on hatchlings during the hatching season (August-

November), when they emerge from nests and head to the sea facing high mortality (Witherington 

et al., 2012; Pilcher et al., 2021). 

Assessing the population status of R. terraenovae in this context becomes relevant not only for 

fisheries management but also for the conservation of L. kempii. However, controversies persist 

regarding the true status of the species' populations in the Gulf of Mexico, with exploitation rate 

estimates ranging from 0.14 in Campeche (Bada-Sánchez et al., 2016) to 0.77 in the same region 

(Aguirre-García et al., 2004), suggesting a complex spatio-temporal dynamic that could be due to 

methodological differences, regional variations in fishing pressure, or the existence of multiple 

fishery stocks (Heist et al., 1996; Loefer & Sedberry, 2003). 

The hypotheses guiding this study were: (H₁) the population of R. terraenovae in Marine Priority 

Regions 45-46 is overexploited as a result of artisanal fishing pressure; (H₂) the overexploitation of 

this predator has potential implications for the conservation of L. kempii and for the fulfillment of the 

Conservation Sector objectives; and (H₃) despite the limitations inherent to a data-limited fishery, it 

is possible to obtain robust estimates of population parameters using length-frequency based 

methods. 

The main objective of this study was to estimate growth and mortality parameters, and to 

determine the exploitation rate of R. terraenovae in Marine Priority Regions 45-46 and the influence 
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area of the Playa Tortuguera Rancho Nuevo Wetland of International Importance, to assess its 

population status and analyze the implications of its exploitation for sea turtle conservation and 

fisheries management in a data-limited context. Our results reveal severe overexploitation (E = 0.78), 

evidencing the urgent need to implement ecosystem-based management in this priority region. 

2. Materials and Methods 

2.1. Study Area  

The study was conducted in the locality of La Barra del Tordo, municipality of Aldama, 

Tamaulipas, Mexico (23°03' N, 97°46' W), located within the area comprising two Marine Priority 

Regions for conservation in Mexico: Region 45 "La Pesca-Rancho Nuevo" and Region 46 "Laguna de 

San Andrés" (Arriaga et al., 1998), and within the influence zone of the Playa Tortuguera Rancho 

Nuevo Wetland of International Importance (Ramsar Site No. 1326) (CONANP, 2004) (Figure 1). 

 

Figure 1. Location of the study area within Marine Priority Regions 45 "La Pesca-Rancho Nuevo" and 46 "Laguna 

de San Andrés", Tamaulipas, Mexico. The red square indicates the sampling zone in La Barra del Tordo, 

municipality of Aldama, within the influence area of the Playa Tortuguera Rancho Nuevo Wetland of 

International Importance (Ramsar Site No. 1326). Dotted lines delimit the Marine Priority Regions according to 

the Gulf of Mexico and Caribbean Sea Marine Ecological Zoning Program (DOF, 2012). 

Marine Priority Region 45 "La Pesca-Rancho Nuevo" is located between 23°30' and 22°54' N 

latitude and 97°48'36'' and 97°18'36'' W longitude, with an area of 2,955 km² (Arriaga et al., 1998). This 

region is characterized by a warm semi-arid climate with summer rains, mean annual temperature 

of 22-26°C, and occurrence of tropical storms, hurricanes, and northerly winds. Geologically, it 
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presents sedimentary rocks, gentle slope continental shelf, and wide platform. It includes coastal 

lagoons, beaches, coastal dunes, marshes, and estuaries. Biodiversity includes mollusks, polychaetes, 

echinoderms, crustaceans, fish, turtles, birds, marine mammals, and mangroves, with turtle 

endemism (L. kempii) and constitutes a turtle nesting and reproduction zone (Arriaga et al., 1998). 

Marine Priority Region 46 "Laguna de San Andrés" is located between 22°54' and 22°25'48'' N 

latitude and 97°56'24'' and 97°23'24'' W longitude, with an area of 2,384 km² (Arriaga et al., 1998). It 

presents a subhumid temperate climate, mean annual precipitation of 635-791 mm, evaporation of 

1,475-1,876 mm annually, mean annual temperature of 17-24°C, with hurricanes in summer and 

northerly winds in winter. Geologically, it presents marginal sea coasts with sedimentary rocks and 

floodplain depression. It includes lagoons, swamps, grasslands, and beaches, with medium 

eutrophication. Biodiversity includes mollusks, crustaceans, fish, turtles, birds, seagrasses (Ruppia 

maritima), and mangroves (white mangrove Avicennia tinctoria and red mangrove Rhizophora mangle), 

with high ecological integrity in seagrass beds, dunes, and beaches. It constitutes a growth and 

feeding zone for crustaceans and fish, and a growth zone for mollusks (Arriaga et al., 1998). 

The Playa Tortuguera Rancho Nuevo site was designated as a Wetland of International 

Importance (Ramsar Site No. 1326) on February 2, 2004, with an area of 30 hectares in its main 

polygon and an influence zone encompassing marine areas up to 30 nautical miles (CONANP, 2004). 

This designation recognizes the critical importance of this site for the nesting of the Kemp's ridley sea 

turtle (L. kempii), an endemic species of the Gulf of Mexico and critically endangered. 

The Gulf of Mexico and Caribbean Sea Marine and Regional Ecological Zoning Program (DOF, 

2012) classifies these regions within the Conservation Sector, whose objective includes "the promotion 

of protection, restoration, and conservation of ecosystems, natural resources, environmental goods 

and services, aimed at fostering their use while guaranteeing sustainable development." This 

instrument recognizes the need to reconcile productive activities, such as artisanal fisheries, with 

conservation objectives. 

Sea surface temperature in the region has a mean annual average of 24°C, with summer maxima 

(29-30°C) and winter minima (18-20°C) (INAPESCA, 2013). The Kemp's ridley sea turtle nesting 

season extends from April to August, with the hatching and hatchling emergence season occurring 

between August and November (CONANP, 2014). 

Artisanal and coastal fisheries constitute the main economic activity of La Barra del Tordo and 

other surrounding communities such as Tepehuajes and Carbonera. Small fiberglass vessels 

("pangas") with outboard motors operate from the shoreline up to 30 nautical miles, employing 

various fishing gears: gillnets (anchored), bottom longlines (1000-1200 hooks), and handlines for 

shark fishing (SEMARNAT, 2014; CONANP, 2014). The fleet operates year-round, with higher 

landings in spring-summer. The main target species are spotted seatrout (Cynoscion nebulosus), red 

snapper (Lutjanus campechanus), robalo, corvina, and various small shark species, including R. 

terraenovae, locally known as "cazón" (DOF, 2012; CONANP, 2014). According to the characterization 

of the Marine Priority Regions, "artisanal fisheries (oyster, crab, scale fish)" of low impact occur in 

this area, although without previous quantitative assessments (Arriaga et al., 1998). 

2.2. Biological Sampling 

Monthly samplings were conducted during the period from November 2018 to February 2020. 

Organisms were obtained directly from artisanal fishery landings in La Barra del Tordo, with the 

collaboration of local fishermen. The following data were recorded for each specimen: (1) total length 

(TL) with 1 mm precision, measured from the tip of the snout to the end of the caudal fin in natural 

position; (2) eviscerated weight (EW) with 1 g precision using a Royal Universal digital scale (10 kg 

capacity); and (3) sex determined by the presence (male) or absence (female) of claspers. 

2.3. Data Analysis 
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Given that this fishery is classified as data-limited, without historical catch and effort time series 

or previous assessments, analysis methods based exclusively on length frequencies were selected, 

which have been widely validated for such contexts (Sparre & Venema, 1998; Hordyk et al., 2015). 

2.3.1. Sex Ratio and Size Structure 

The observed sex ratio (females:males) was compared with the expected 1:1 ratio using a Chi-

square test (X²) with a significance level of α = 0.05 (Zar, 2010). A Student's t-test for independent 

samples was applied to evaluate significant differences in mean total lengths between sexes (Zar, 

2010). 

2.3.2. Total Length-Eviscerated Weight Relationship 

The relationship between total length (L, cm) and eviscerated weight (P, g) was modeled using 

the power function P = a·Lᵇ (Ricker, 1975), where "a" is the condition factor and "b" is the allometry 

coefficient. Parameters were estimated by linear regression of logarithmically transformed data: 

log(P) = log(a) + b·log(L). Growth type was evaluated using a Student's t-test to determine whether 

the b value differed significantly from 3 (isometric growth), with H₀: b = 3 and Hₐ: b ≠ 3 (Walpole et 

al., 2012). Curves for females and males were compared using the coincident curves analysis 

proposed by Chen et al. (1992). 

2.3.3. Growth Parameters 

Length growth was modeled using the von Bertalanffy equation (1938): Lₜ = L∞[1 - exp{-k(t - t₀)}]. 

The parameters L∞ and k were estimated using three length-frequency based methods included in 

the FISAT II software package (Gayanilo et al., 2005): (1) ELEFAN I routine (Electronic Length 

Frequency Analysis); (2) Shepherd's method; and (3) Powell-Wetherall method. These methods are 

particularly appropriate for data-limited fisheries, as they require only length information and do not 

depend on chronological age data (Pauly, 1984). 

The parameter t₀ was estimated using Pauly's empirical equation (1984). To assess uncertainty 

in L∞ and k estimates, a non-parametric bootstrap procedure (Efron & Tibshirani, 1993) was applied 

with 3000 replicates, using the resampling module of SPSS software (PASW Statistics 18, IBM Corp., 

Armonk, NY, USA). Medians of bootstrap distributions are reported as point estimates, and the 2.5 

and 97.5 percentiles as 95% confidence intervals. 

The quality of growth estimates was evaluated using the Phi prime growth performance index 

(Ø' = log₁₀k + 2·log₁₀L∞) proposed by Pauly & Munro (1984). This index allows comparison of 

estimates from this study with those reported in the literature, under the assumption that 

phylogenetically close species exhibit similar Ø' values (Pauly, 1991). 

2.3.4. Total Mortality (Z) 

Total mortality (Z, yr⁻¹) was estimated using two methods appropriate for data-limited contexts: 

(1) linearized catch curve (Sparre & Venema, 1998); and (2) the Jones and van Zalinge method (Jones 

& van Zalinge, 1981), which is an extension of the catch curve method that uses grouped length-

frequency data and does not require complete age conversion. 

Since Z estimates are sensitive to the k value used in length-age conversion (Pauly, 1984), two k 

values were employed: that obtained by ELEFAN I (k = 0.59) and that obtained by Shepherd's method 

(k = 0.78). This generated four Z estimates: Z₁ (catch curve with kELEFAN), Z₂ (catch curve with 

kShepherd), Z₃ (Jones-van Zalinge with kELEFAN), and Z₄ (Jones-van Zalinge with kShepherd). 

2.3.5. Natural Mortality (M) 

Natural mortality (M, yr⁻¹) was estimated using Pauly's empirical equation (1980) for fish, which 

relates M to growth parameters and environmental temperature: log₁₀M = -0.0066 - 0.279·log₁₀L∞ + 

0.6543·log₁₀k + 0.4634·log₁₀T, where T is the mean annual water temperature (24°C for the study area; 
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INAPESCA, 2013). Two M estimates were obtained using the two k values: M₁ (with kELEFAN) and 

M₂ (with kShepherd). 

2.3.6. Fishing Mortality (F) and Exploitation Rate (E) 

Fishing mortality (F, yr⁻¹) was calculated by subtraction: F = Z - M (Ricker, 1975). Using the four 

Z estimates and the two M estimates, eight F values were generated. The exploitation rate (E) was 

calculated as E = F/Z (Ricker, 1975), obtaining 32 estimates. Following Gulland's criterion (1971), E = 

0.5 was considered as the target reference point (maximum sustainable yield), where F = M. 

2.3.7. Uncertainty Analysis and Selection of Robust Estimates 

To identify E estimates with lower uncertainty, the confidence interval length (CIL = upper limit 

- lower limit) was calculated for each combination. Those with the smallest CIL were selected as the 

most robust estimates. Two-way ANOVA was applied to evaluate the effect of the factors "Z 

estimation method" and "F estimation method" on E, and one-way ANOVA to compare estimates 

with lower variability (α = 0.05). 

2.3.8. Declaration on the Use of Artificial Intelligence 

During the preparation of this manuscript, no generative artificial intelligence tools were used 

for the generation of text, data, graphics, or for study design, data collection, analysis, or 

interpretation of results. Statistical and length-frequency analysis software (SPSS, FISAT II) were 

used in a conventional manner. 

3. Results 

3.1. Sample Composition and Population Structure 

A total of 541 R. terraenovae organisms caught by artisanal fisheries in Marine Priority Regions 

45-46 and the influence area of the Playa Tortuguera Rancho Nuevo Wetland of International 

Importance, Tamaulipas, Mexico, were analyzed during the period November 2018 - February 2020. 

The sample consisted of 260 females (48.1%) and 281 males (51.9%). The female:male sex ratio (0.93:1) 

did not differ significantly from the expected 1:1 ratio (X² = 0.642, df = 1, p = 0.423), indicating sexual 

balance in the exploited population. 

The total length frequency distribution showed a similar unimodal pattern for both sexes (Figure 

2). Females exhibited a length range of 40 to 100 cm, with a mean of 66.99 ± 12.3 cm SD and a mode 

in the 66-68 cm class (Figure 2a). Males showed a slightly smaller range (40-97 cm), with a mean of 

66.98 ± 11.9 cm SD and the highest concentration of individuals in the 64-70 cm classes (Figure 2b). 

For combined sexes (n=541), the range was 40 to 100 cm with a mean of 66.99 ± 12.1 cm SD, showing 

a pronounced mode in the 64-68 cm interval, where approximately 25% of individuals were 

concentrated, with a gradual decrease towards larger (>85 cm) and smaller (<50 cm) sizes (Figure 2c). 
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Figure 2.  Frequency distribution of total lengths of Rhizoprionodon terraenovae caught by artisanal fisheries 

in Marine Priority Regions 45-46 and the influence area of the Playa Tortuguera Rancho Nuevo Wetland of 

International Importance, Tamaulipas, Mexico (November 2018 - February 2020): (a) females (n=260), (b) males 

(n=281), and (c) combined sexes (n=541). Bars represent the relative frequency (%) per 2 cm length interval. 

No significant differences were found in mean total length between sexes (t = 0.005, df = 539, p = 

0.996). Sizes smaller than 50 cm and larger than 85 cm were scarcely represented (<5% of the total), 

suggesting a low proportion of hatchlings and long-lived organisms in the catches, with a higher 

percentage of individuals in juvenile and young adult stages. 

3.2. Length-Weight Relationship 

Length-weight relationship parameters are presented in Table 1. The b values were close to 3 for 

both sexes and combined sexes, and the t-test did not reject the isometry hypothesis (p > 0.05). The 

coincident curves analysis (Chen et al., 1992) detected no significant differences between sexes (F = -

12.39, df = 2,537, p < 0.05), justifying the combined analysis. 

Table 1.  Estimated parameters of the total length-eviscerated weight relationship for Rhizoprionodon 

terraenovae in Marine Priority Regions 45-46, Tamaulipas, Mexico. Coefficients of the model W = a·Lb are 

presented with their standard errors (SE), coefficient of determination (r²), and t-test results for the isometry 

hypothesis (H₀: b = 3). 

Group n a 

(×10⁻³) 

SE(a) b SE(b) r² t (b vs 

3) 

dl p Growth 

Type 

Females 260 6.2 0.2013 2.86 0.1105 0.9056 1.230 258 0.219 Isometric 

Males 281 5.0 0.1974 2.92 0.1083 0.9054 0.716 279 0.474 Isometric 

Combined 

sexes 

541 5.6 0.1404 2.89 0.0770 0.9050 1.382 539 0.167 Isometric 

The total length-eviscerated weight relationship for R. terraenovae showed a solid fit to the power 

model in all analyzed groups (r² ≥ 0.905; Figure 3). Regression parameters and associated statistical 

tests are detailed in Table 1. The allometry coefficient (b) values were close to 3 for females (b = 2.86), 

males (b = 2.92), and combined sexes (b = 2.89). Student's t-test showed no significant differences from 

theoretical isometry (p > 0.05 in all cases), confirming isometric growth type for the species in the 

study area. Likewise, the coincident curves analysis detected no significant differences between sexes 
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(F = -12.39, df = 2,537, p < 0.05), which justifies the use of combined analysis to describe the population 

biometry in Marine Priority Regions 45 and 46 of Tamaulipas. 
a 

 
b 

 
c 

 

Figure 3.  Power model fitting of the total length-eviscerated weight relationship for Rhizoprionodon 

terraenovae in Marine Priority Regions 45-46, Tamaulipas, Mexico (n=541). Panels show data distribution for 

females (a), males (b), and combined sexes (c). Dashed lines represent the model W = aLb (parameters in Table 

1). 

3.3. Growth Parameters 

The von Bertalanffy growth curve in length for combined sexes of R. terraenovae showed a 

pattern of rapid growth during the first years of life, with subsequent gradual deceleration when 

approaching the asymptotic length (Figure 4). The observed points, corresponding to lengths 

converted to age (n=541), were adequately distributed around the fitted curve, indicating a good fit 

of the model to the data. 
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Figure 4.  Von Bertalanffy growth curve in length for combined sexes of Rhizoprionodon terraenovae in Marine 

Priority Regions 45-46, Tamaulipas, Mexico. Squares represent observed lengths converted to age (n=541). The 

continuous line shows the fitted model (parameters in Table 2). 

During the first 3-4 years, individuals reached approximately 60-70% of their asymptotic length 

(L∞ = 105 cm), evidencing accelerated growth characteristic of species with a "fast" life history 

strategy. At 5 years, the mean length was approximately 85 cm, and at 8 years it exceeded 95 cm, with 

a marked reduction in annual growth rate observed after 6-7 years. The asymptote of 105 cm 

represents the theoretical maximum length that individuals can reach in the region, although the low 

representation of organisms >90 cm in the catches (Figure 2) suggests that few individuals fully 

express their growth potential due to fishing pressure. 

Growth parameter estimates are presented in Table 2. ANOVA detected no significant 

differences between sexes for L∞ (F = 0.144, p = 0.714) nor for k (F = 0.319, p = 0.585); therefore, 

combined sex parameters were used for mortality analyses. The growth performance index (Ø' = 3.81) 

falls within the range reported for the species (3.34-3.86; Table 5). 

Table 2.  Von Bertalanffy growth model parameters for R. terraenovae in Marine Priority Regions 45 and 46 and 

the influence area of the Playa Tortuguera Rancho Nuevo Wetland of International Importance. 

Group Method L∞ (cm) 95% CI L∞ k (yr⁻¹) 95% CI 

k 

t₀ (yr) 95% CI t₀ Ø' 

Females ELEFAN I 97.9 94.2-101.6 0.38 0.28-0.48 -0.313 -0.440 a -0.242 3.56 

Males ELEFAN I 100.8 94.8-106.8 0.45 0.40-0.50 -0.261 -0.302 a -0.229 3.66 

Combined 

sexes 

ELEFAN I 105.0 100.0-110.0 0.59 0.53-0.65 -0.195 -0.221 a -0.174 3.81 

Combined 

sexes 

Shepherd 105.0 - 0.78 - -0.152 - 3.93 

3.4. Mortality 

Mortality estimates for combined sexes are presented in Table 3. The Z values obtained by Jones-

van Zalinge (Z₃ = Z₄ = 4.13 yr⁻¹) were higher than those from catch curve and presented lower 

uncertainty (CIL = 1.05). Mean natural mortality was M = 0.467 yr⁻¹ (M₁ = 0.461, M₂ = 0.473). Mean 

fishing mortality with lower uncertainty was F = 3.22 yr⁻¹ (95% CI: 2.69-3.74). 

Table 3.  Estimates of total (Z), natural (M), and fishing (F) mortality for R. terraenovae (combined sexes) in 

Marine Priority Regions 45 and 46 and the influence area of the Playa Tortuguera Rancho Nuevo Wetland of 

International Importance. 

Parameter Method / Combination Value 95% CI r² CIL 

Z₁ Curva captura (kELEFAN) 2.72 1.86-3.59 0.95 1.73 

Z₂ Curva captura (kShepherd) 3.60 2.46-4.74 0.95 2.28 

Z₃ Jones-van Zalinge (kELEFAN) 4.13 3.60-4.65 0.98 1.05 
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Z₄ Jones-van Zalinge (kShepherd) 4.13 3.60-4.65 0.98 1.05 

M₁ Pauly (kELEFAN) 0.46 - - - 

M₂ Pauly (kShepherd) 0.47 - - - 

F₅ Z₃ - M₁ 3.30 2.77-3.82 - 1.05 

F₆ Z₃ - M₂ 3.13 2.61-3.65 - 1.05 

F₇ Z₄ - M₁ 3.30 2.77-3.82 - 1.05 

F₈ Z₄ - M₂ 3.13 2.61-3.65 - 1.05 

3.5. Exploitation Rate 

The 32 E estimates ranged from 0.42 to 1.21. Two-way ANOVA revealed significant effects of the 

Z method (F = 6.56, p = 0.002) and F method (F = 4.52, p = 0.001) (Table 4). 

Table 4.  Point estimates and confidence intervals of the exploitation rate for the sharpnose shark 

(Rhizoprionodon terraenovae) in Aldama, Tamaulipas, estimated by the quotient between fishing mortality (F) and 

total mortality (Z) parameter values, obtained by various methods. 

F 

Z1 (r2 = 0.95) Z2 (r2 = 0.95) Z3 y Z4 (r2 = 0.98) 

𝜃 
CI 

𝜃 
CI 

𝜃 
CI 

LL UL LL UL LL UL 

F1 0.70 0.55 0.77 0.53 0.42 0.58 0.46 0.29 0.59 

F2 0.63 0.46 0.72 0.48 0.35 0.55 0.42 0.24 0.56 

F3 1.02 0.88 1.09 0.77 0.66 0.83 0.67 0.45 0.84 

F4 0.96 0.79 1.04 0.72 0.60 0.79 0.63 0.41 0.81 

F5 1.21 1.49 1.06 0.92 1.13 0.81 0.8 0.77 0.82 

F6 1.15 1.4 1.02 0.87 1.06 0.77 0.76 0.72 0.79 

F7 1.21 1.49 1.06 0.92 1.13 0.81 0.8 0.77 0.82 

F8 1.15 1.4 1.02 0.87 1.06 0.77 0.76 0.72 0.79 

𝜃̂= Point estimate; CI = Confidence interval; LL = Lower limit; UL = Upper limit;. 

The estimates with lowest uncertainty corresponded to combinations with Z₃-Z₄ and F₅-F₈ (Table 

5), with E values ranging from 0.76 to 0.80 and CIL between 0.05-0.07. One-way ANOVA detected no 

significant differences among these four estimates (F = 2.57, p = 0.089), yielding a mean value: E = 0.78 

(95% CI: 0.745 - 0.805). 

This value significantly exceeds the reference point of E = 0.5 (Gulland, 1971), indicating that the 

population of R. terraenovae in Marine Priority Regions 45 and 46 and in the influence area of the 

Playa Tortuguera Rancho Nuevo Wetland of International Importance is in a state of severe 

overexploitation. 

Table 5.  Selected exploitation rate (E) estimates with lowest uncertainty. 

Combination Z F E 95% CI E CIL 

E₍₅,₃₎ Z₃ (4.13) F₅ (3.30) 0.80 0.77-0.82 0.05 

E₍₆,₃₎ Z₃ (4.13) F₆ (3.13) 0.76 0.72-0.79 0.07 

E₍₇,₄₎ Z₄ (4.13) F₇ (3.30) 0.80 0.77-0.82 0.05 

E₍₈,₄₎ Z₄ (4.13) F₈ (3.13) 0.76 0.72-0.79 0.07 

Mean - - 0.78 0.745-0.805 0.06 

4. Discussion 

The main objective of this study was to estimate growth and mortality parameters, and to 

determine the exploitation rate of R. terraenovae in the Aldama region, within Marine Priority Regions 
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45 "La Pesca-Rancho Nuevo" and 46 "Laguna de San Andrés" and in the influence area of the Playa 

Tortuguera Rancho Nuevo Wetland of International Importance (Ramsar Site No. 1326), in the State 

of Tamaulipas, Mexico; to assess its population status and analyze the implications of its exploitation 

for sea turtle conservation and for fulfillment of the objectives of the Conservation Sector of the Gulf 

of Mexico and Caribbean Sea Marine and Regional Ecological Zoning Program (DOF, 2012). This 

work constitutes the first quantitative assessment for the species on the Tamaulipas coast and, more 

broadly, represents a case study on how to approach artisanal fishery assessment in data-limited 

contexts operating in high-priority conservation areas. 

The main finding of this study is the documentation of a state of severe overexploitation (E = 

0.78) of R. terraenovae in this high-priority conservation region. This result acquires particular 

relevance not only for its significance in terms of fisheries management, but also for its potential 

ecological implications in predator-prey dynamics with sea turtle hatchlings, an interaction explicitly 

recognized in the Management Program of the Playa Rancho Nuevo Sanctuary (CONANP, 2014) and 

in the characterization of Marine Priority Region 45, which identifies "pressure on turtle species" as a 

problem (Arriaga et al., 1998). These findings are discussed below in the context of previous studies, 

implications for turtle conservation and fulfillment of Conservation Sector objectives, ecosystem-

based management, and lessons learned for data-limited fishery assessment in priority conservation 

areas. 

4.1. Overexploitation of Rhizoprionodon terraenovae in Marine Priority Regions 45 and 46 

The estimated exploitation rate (E = 0.78) is comparable to the value of 0.77 reported by Aguirre-

García et al. (2004) for Campeche, but substantially higher than the values of 0.37-0.39 reported by 

Worm et al. (2013) and Zea-de-la-Cruz (2012) for the southern Gulf of Mexico and Veracruz, 

respectively (Table 6). The estimated fishing mortality (F = 3.22 yr⁻¹) is the highest documented for 

the species in the Gulf of Mexico, reflecting intense fishing pressure in the region. These regional 

differences could be explained by variations in fishing intensity, selectivity of the fishing gears used, 

and local oceanographic characteristics affecting population productivity (Loefer & Sedberry, 2003). 

Particularly notable is the difference with the study by Bada-Sánchez et al. (2016), who reported 

an exploitation rate of only 0.14 for the Campeche Bank, suggesting an underexploited population. 

This discrepancy could be due to methodological differences: Bada-Sánchez et al. (2016) used the 

Hoenig model (1983) modified by Then et al. (2014) to estimate M, while we employed Pauly's 

method (1980). Additionally, the natural mortality estimated in this study (M = 0.46 yr⁻¹) is slightly 

lower than that reported by Bada-Sánchez et al. (2016) (M = 0.50 yr⁻¹), but similar to values 

documented by other authors for the species in the Gulf of Mexico (Márquez-Farías & Castillo-Géniz, 

1998: M = 0.39 yr⁻¹; Aguirre-García et al., 2004: M = 0.39 yr⁻¹; Zea-de-la-Cruz, 2012: M = 0.27-0.70 yr⁻¹). 

The main difference lies in fishing mortality (F), which in our study (F = 3.22 yr⁻¹) is considerably 

higher than that reported by Bada-Sánchez et al. (2016) (F = 0.19 yr⁻¹), reflecting substantially greater 

fishing pressure in Marine Priority Regions 45-46 of Tamaulipas compared to the Campeche Bank. 

It is possible that real differences exist in population status between regions, which would 

support the hypothesis of multiple fishery stocks in the Gulf of Mexico (Heist et al., 1996). While the 

Campeche Bank could harbor a population with lower fishing pressure, our results indicate that 

the R. terraenovae population in Marine Priority Regions 45-46 is overexploited (E = 0.78) as a result 

of intense artisanal fishing pressure in this high-priority conservation region, confirming hypothesis 

H₁. 

Table 6.  Comparison of R. terraenovae parameters reported in this study and the literature. 

Author Year Region L∞ 

(cm) 

k 

(year⁻¹) 

Z M F E 

This study 2026 RMP 45-46, Tamps. 

(Conservation Sector) 

105.0 0.59 4.13 0.46 3.22 0.78 
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Bada-Sánchez 

et al. 

2016 Campeche Bank - - 0.70 0.50 0.19 0.14 

Worm et al. 2013 Southern Gulf of México - - - - - 0.37 

Zea de la Cruz 2012 Veracruz Central 104.3 0.44 1.09 0.27-

0.70 

0.43 0.39 

Aguirre-García 

et al. 

2004 Campeche 114.9 0.18 1.67 0.39 1.28 0.77 

4.2. Implications for Sea Turtle Conservation and Fulfillment of Conservation Sector Objectives 

The overexploitation of R. terraenovae in Marine Priority Regions 45 and 46 acquires a 

particularly relevant dimension due to the ecological role of this species as a predator of sea turtle 

hatchlings, and due to the conservation status of these areas. The Gulf of Mexico and Caribbean Sea 

Marine and Regional Ecological Zoning Program (DOF, 2012) classifies these regions within the 

Conservation Sector, whose objective is "the promotion of protection, restoration, and conservation 

of ecosystems, natural resources, environmental goods and services, aimed at fostering their use 

while guaranteeing sustainable development." Additionally, the Ramsar designation of the Playa 

Tortuguera Rancho Nuevo site (CONANP, 2004) implies international commitments for the 

conservation of wetlands and their associated biodiversity. 

The characterization of Marine Priority Region 45 (Arriaga et al., 1998) explicitly identifies sea 

turtles as part of its biodiversity, highlighting the endemism of Lepidochelys kempii and the importance 

of the area as a nesting and reproduction zone. Likewise, it identifies "pressure on turtle species" as 

part of the environmental problems and the need for "expansion of the conservation area to 120 km, 

between La Pesca and Barra de Chavarría, to cover the entire nesting zone." Our results, by 

documenting the overexploitation of a turtle hatchling predator, provide relevant information for 

managing this problem. 

From a sea turtle conservation perspective, the reduction of a natural predator could initially be 

interpreted as a benefit, by reducing hatchling mortality in their first moments of life, which is 

critically high (Witherington et al., 2012; Pilcher et al., 2021). Sea turtle hatchling survival rates during 

the first hours at sea are extremely low, with estimates of less than 1% survival to adulthood (Bjorndal 

et al., 2011). Therefore, the reduction of predation pressure could, theoretically, increase recruitment 

and benefit the recovery of L. kempii, thus contributing to the objectives of the Conservation Sector. 

However, this simplistic interpretation ignores the complex trophic interactions in which top 

predators participate (Heithaus et al., 2008). Sharks, as mid-to-high trophic level predators, fulfill 

fundamental ecological functions in coastal ecosystems, including regulation of mesopredator 

populations and maintenance of food web structure (Cortés, 1999; Estes et al., 2011). The elimination 

of native predators can trigger trophic cascade effects, with unpredictable consequences for the 

ecosystem (Myers et al., 2007; Ferretti et al., 2010). These effects could compromise other conservation 

objectives of the Conservation Sector, such as protection of biodiversity in general and maintenance 

of ecosystem services. 

In the specific case of Marine Priority Regions 45 and 46, the overexploitation of R. 

terraenovae could have at least three potential ecological effects: (1) direct effect on turtle hatchlings 

(reduction of predation mortality); (2) effect on mesopredators (release of medium-sized fish 

populations that are prey of R. terraenovae); and (3) effect on ecosystem structure (alteration of trophic 

interactions in the coastal lagoons, beaches, dunes, marshes, and estuaries that characterize these 

regions). These possible ecological consequences, not yet empirically evaluated in the study area, 

represent a source of uncertainty for the management of these priority areas and confirm the 

relevance of our hypothesis H₂. 

4.3. Biological Consistency of Estimates 

Despite the high fishing mortality rates, our growth and natural mortality parameters show 

biological consistency with those reported for the species in other regions. The growth performance 

index (Ø' = 3.81) falls within the range of 3.34-3.86 documented for R. terraenovae in the Gulf of 
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Mexico (Pauly & Munro, 1984; Loefer & Sedberry, 2003; SEDAR, 2007). The M/k ratio = 0.79 (using M 

= 0.467 yr⁻¹ and k = 0.59 yr⁻¹ from ELEFAN) approximates the range of 0.5-1.0 typically observed in 

exploited elasmobranch populations (Prince et al., 2014; Cortés, 2016), and is consistent with values 

reported for the species in other Gulf of Mexico localities (Márquez-Farías & Castillo-Géniz, 1998: 

M/k = 0.65; Aguirre-García et al., 2004: M/k = 0.46-0.57). The estimated asymptotic length (L∞ = 105 

cm) is similar to that reported by Zea-de-la-Cruz (2012) for Veracruz (104.3 cm) and by Branstetter 

(1987) for Galveston Bay (108 cm). This consistency suggests that, although our fishing mortality 

values (F = 3.22 yr⁻¹) are the highest documented for the species, the growth and natural mortality 

parameters are biologically plausible and reflect exceptionally intense fishing pressure in Marine 

Priority Regions 45-46 of Tamaulipas. 

4.4. Implications for Ecosystem-Based Management in the Conservation Sector 

Our results have direct implications for the management of Marine Priority Regions 45 and 46 

and the Playa Tortuguera Rancho Nuevo Wetland of International Importance, in line with the 

objectives of the Conservation Sector of the Marine Ecological Zoning Program (DOF, 2012) and with 

the strategies established in the Sanctuary Management Program (CONANP, 2014). Specifically, the 

latter establishes as a priority action: "Promote with the competent authority the best commercial, 

coastal, and artisanal fishing practices for those fisheries that have any negative impact on sea turtle 

populations" (CONANP, 2014, p. 125). The R. terraenovae fishery, due to its trophic interaction with 

hatchlings, qualifies as a fishery with potential impact on turtles, although the direction and 

magnitude of this impact requires further research. 

The Ecosystem-Based Fisheries Management (EBFM) approach explicitly recognizes the need to 

consider interactions between target and non-target species, as well as the trophic effects of fishing 

(Pikitch et al., 2004; Link, 2010). Within the framework of the Conservation Sector, which seeks to 

reconcile ecosystem protection with sustainable resource use, we propose the following integrated 

management measures for the area: 

Establishment of a minimum legal size (70 cm TL) based on the species' size at first sexual 

maturity (Márquez-Farías & Castillo-Géniz, 1998; Oviedo-Pérez et al., 2014). 

Temporary closure during the reproductive period of R. terraenovae (spring-summer), which 

partially coincides with the turtle nesting season. 

Fishing zoning establishing temporary or permanent exclusion areas for gillnet fishing during 

the turtle hatching season (August-November), particularly in zones near nesting beaches. This 

measure would address the recommendation to expand the conservation area to cover the entire 

nesting zone (Arriaga et al., 1998). 

Participatory monitoring with local fishermen to obtain catch time series and evaluate the effect 

of management measures, within the framework of recommendations for Marine Priority Region 46, 

which suggests evaluating pressure on crab, shrimp, and fish species (Arriaga et al., 1998). 

Interdisciplinary research to evaluate the real impact of R. terraenovae predation on turtle 

hatchlings, through stomach content analysis, telemetry studies, and trophic network models. 

Implementation of best fishing practices as established by the Sanctuary Management Program, 

including training fishermen in techniques for releasing incidentally caught turtles and adopting 

selective fishing gears. 

Strengthening surveillance at Rancho Nuevo for turtle protection, addressing the identified 

problem of "lack of surveillance at Rancho Nuevo for turtle (Kemp's ridley) protection" (Arriaga et 

al., 1998). 

These measures should be implemented through a participatory process involving fishermen, 

fisheries authorities (CONAPESCA), and environmental authorities (CONANP), within the 

framework of the Protected Area advisory councils and environmental policy instruments such as 

the Marine Ecological Zoning Program. 
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4.5. Lessons for Data-Limited Fishery Assessment in Priority Conservation Areas 

This study constitutes a case of successful application of length-frequency based methods for 

assessing an artisanal data-limited fishery in a context of high conservation relevance (Marine 

Priority Regions and Wetland of International Importance). Several lessons can be drawn from this 

experience: 

Methodological uncertainty can and should be explicitly quantified. By generating multiple 

estimates using different methods and k values, and by applying bootstrap to estimate confidence 

intervals, we were able to identify the most robust combinations (lowest CIL) and obtain a point 

estimate with its corresponding uncertainty. This approach is recommended for all data-limited 

fishery assessments (Hilborn & Walters, 1992; Punt et al., 2016). 

Consistency with comparative indices (Ø') and theoretical relationships (M/k) provides indirect 

validation. Despite the absence of independent age validation, the consistency of our growth 

parameters with those reported in the literature and with Beverton-Holt invariants suggests that the 

estimates are biologically plausible. 

Participatory monitoring with fishermen is viable and generates quality data. Collaboration with 

local fishermen allowed obtaining a sample of 541 organisms over 16 months, demonstrating that it 

is possible to generate valuable information even without large investments in monitoring 

infrastructure. 

Length-based methods are appropriate for artisanal fisheries in priority conservation 

areas. Since these methods do not require sacrificing organisms or sophisticated equipment, they are 

particularly suitable for protected natural areas and priority regions where minimizing research 

impact is sought. 

Integration of fisheries management and conservation objectives is possible even with limited 

information. Our study demonstrates that, even in data-limited contexts, it is possible to generate 

relevant information for decision-making that integrates both fisheries sustainability and priority 

species conservation, as well as fulfillment of Conservation Sector objectives (confirming H₃). 

4.6. Study Limitations and Future Perspectives 

We acknowledge the limitations inherent to the length-frequency based methods used in this 

study. These methods assume that the population is in a steady state, that recruitment is constant, 

and that the sample is representative of the population (Sparre & Venema, 1998). Although we sought 

to minimize biases through systematic sampling over 16 months, we cannot rule out partial violations 

of these assumptions. The absence of independent age validation (through vertebral reading) 

constitutes another limitation, as growth estimates could be influenced by data grouping into size 

classes (Campana, 2001). Additionally, the estimation of M using Pauly's empirical formula (1980) 

introduces uncertainty, as this equation was developed for teleost fish and its application to 

elasmobranchs should be interpreted with caution. 

Future research should focus on: (1) validating age and growth through vertebral reading and 

microchemistry analysis to determine population connectivity; (2) quantifying R. 

terraenovae predation on turtle hatchlings through stable isotope analysis and stomach contents; (3) 

evaluating the movement and residency of the species in the Marine Priority Regions through 

acoustic telemetry; (4) modeling trophic interactions in the coastal ecosystem using Ecopath or 

Ecosim models; (5) applying ecological risk assessment (ERA) models that integrate uncertainty in 

biological and fishery parameters (Cortés et al., 2010; Hobday et al., 2011); and (6) assessing the status 

of other elasmobranch species caught in the region, such as Sphyrna tiburo and Carcharhinus 

acronotus, to determine if they face similar pressures. 

5. Conclusions 

This study provides the first quantitative assessment of the population status of R. terraenovae in 

Marine Priority Regions 45 "La Pesca-Rancho Nuevo" and 46 "Laguna de San Andrés", and in the 
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influence area of the Playa Tortuguera Rancho Nuevo Wetland of International Importance (Ramsar 

Site No. 1326), Tamaulipas, demonstrating that it is possible to obtain robust estimates in data-limited 

fishery contexts in high-priority conservation areas. 

The estimated exploitation rate (E = 0.78; 95% CI: 0.745-0.805) significantly exceeds the reference 

point of E = 0.5, indicating that the population is in a state of severe overexploitation (confirming H₁). 

The high fishing mortality rates (F = 3.22 yr⁻¹) reflect the intense artisanal fishing pressure in 

these priority regions, where fishermen from communities such as La Barra del Tordo, Tepehuajes, 

and Carbonera operate, within the framework of the Conservation Sector of the Marine Ecological 

Zoning Program. 

The overexploitation of R. terraenovae has potential implications for sea turtle conservation, 

given that this species acts as a natural predator of hatchlings during the hatching season (August-

November). The ecological effects of this population reduction could be positive (reduced predation) 

or negative (food web alteration), which requires specific research for fulfillment of Conservation 

Sector objectives (confirming the relevance of H₂). 

This study demonstrates that, despite the limitations inherent to data-limited fisheries, it is 

possible to generate quantitative information relevant for decision-making through length-frequency 

based methods, uncertainty analysis, and validation through comparative indices (confirming H₃). 

Urgent implementation of ecosystem-based fisheries management in Marine Priority Regions 45 

and 46 is required, considering the interactions between the R. terraenovae fishery and sea turtle 

conservation, including minimum legal sizes (70 cm TL), temporary closures coordinated with the 

hatching season, fishing zoning, participatory monitoring, and strengthening of surveillance, 

addressing the specific recommendations of environmental policy instruments. 

This study contributes to fulfillment of the objectives of the Conservation Sector of the Gulf of 

Mexico and Caribbean Sea Marine and Regional Ecological Zoning Program (DOF, 2012) and of the 

commitments derived from the Ramsar designation of the Playa Tortuguera Rancho Nuevo site, by 

providing scientific bases to reconcile fisheries exploitation with biodiversity conservation in these 

priority areas. 
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