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Abstract

:

This study aimed to evaluate the growth, mortality parameters, and exploitation rate of Pontic shad, Alosa immaculata Benett, 1835, in the Danube River, Romania (km 169–197). The sampling collection started with the first signs of Pontic shad migration, on 4 March 2023, and continued weekly until the beginning of June 2023, when the last specimens were caught in the nets. The estimation of the growth, mortality parameters, and exploitation rate was done in FiSAT (FAO-ICLARM Stock Assessment Tools). The von Bertalanffy growth equation was estimated at L∞ = 36.75 cm, the growth coefficient was k = 0.68 year−1, and the theoretical initial age was t0 = −0.67 year−1. The total mortality rate (Z) estimated was 2.76 year−1, with a natural mortality rate (M) and fishing mortality rate (F) of 0.89 year−1 and 1.87 year−1, respectively. The Z/k ratio was found to be 4.11 and the exploitation rate (E) was estimated at 0.68 year−1, indicating the overexploitation of Alosa immaculata stocks. In conclusion, this study provides valuable insights into the population dynamics of Pontic shad in the Danube River, Romania. The assessments of the growth parameters, mortality rates, and exploitation rates highlight a level of overexploitation of Alosa immaculata stocks. These findings underscore the importance of applying effective fishery management strategies to ensure the sustainability and conservation of this valuable fish species in the Danube River ecosystem.
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Key Contribution: This study regarding the Alosa immaculata stocks from the Danube River synthesizes important insights into the population dynamics, growth rates, mortality parameters, and environmental influences, contributing significantly to fishery science and providing a foundation for the informed conservation and management strategies of the species.










1. Introduction


The Danube River, the second-largest river in Europe, represents a vital aquatic ecosystem that passes through multiple countries in Europe and harbors a diverse range of fish species, each contributing to the intricate balance of its aquatic environment. Among these species, the Pontic shad (Alosa immaculata Bennet, 1835) plays a pivotal role in the ichthyofaunal diversity of the Danube River in Romania. Endemic to the Black Sea and the Sea of Azov, this species holds longstanding ecological and socio-economic significance in the region. For spawning, Pontic shad migrates in the Danube, Dnepr, Don, Dniester, and Bug [1].



The migratory pattern, reproductive biology, and population dynamics of Alosa immaculata are subjects of great interest for fishery management and the conservation of this unique species [2]. In Romania, Alosa immaculata undertakes migratory spawning journeys from south to north along the Black Sea coast of Bulgaria and Romania to the Danube River mouths, reaching up to “Iron Gate II” at kilometer 863.Before the construction of Iron Gate II’s hydroelectric power plants (in the year 1984), the fish exhibited spawning migrations extending as far as kilometers 1650, encompassing the region up to Budapest [3]. The construction of the hydroelectric power plant has limited the species’ historical spawning range, emphasizing the importance of comprehending the resulting impacts on the population dynamics and overall ecological health [4].



However, in addition to restricting the migration area, the Pontic shad population has encountered numerous challenges over the years, including habitat alterations, climate changes, pollution, and overfishing [5]. These pressures have raised concerns about the sustainability of this species and the need for effective management strategies.



Beyond its ecological importance, the Pontic shad carries cultural and economic impacts, serving as both a target species for local fisheries [2] and an integral component of Romania’s natural heritage. Pontic shad has great popularity among consumers due to the delicious taste of its meat and its nutritional benefits [6], being consumed by the Christian population during religious fasting periods.



In Romania, according to data provided by the National Agency for Fisheries and Aquaculture [7], the catches are not stable and vary considerably from year to year. In the last decade, the catchments varied significantly with a minimum of 174.6 tons in 2015 and a maximum of 634.5 tons in 2019. Mainly, these fluctuating catches are influenced by the dynamics of the hydrological regime of the Danube, but until now, there has been no comprehensive analysis available [8,9]. A forecast analysis published by Smederevac et al. 2018 [10], based on the Danube River water level and catches of Pontic shad over 94 years (1920–2013), has predicted a gradual increase in Alosa immaculata catches in the period of 2024–2027, reaching around 1000 tons. After the year 2033, authors have predicted a decrease in annual catches.



Following the assessment of the IUCN Red List, Alosa immaculata is categorized as a vulnerable species [11]. Within the European Union, the species receives protection under Annex II of [12]. Additionally, it is included in Annex IV, imposing an obligation on Member States to safeguard against exploitation that may compromise its conservation status. Furthermore, at the national level, Alosa immaculata is afforded protection in compliance with the Emergency Government Ordinance 57/2007 [13].



In this context, the vulnerability status of the species underlines the imperative need for conservation efforts and management strategies to mitigate the threats and ensure the survival of this species. The monitoring of Pontic shad populations, habitat protection, and collaborative efforts to address specific challenges faced by Alosa immaculata in its natural environment can be a successful plan for species protection. Therefore, to address these concerns, comprehensive knowledge of its population parameters, such as the age and sex structure of migratory populations, growth, mortality rates, and recruitment dynamics, can offer important information. Thus, data regarding the age of fish can serve as a valuable tool in fishery management, being used as general background information for management decisions [14].



Therefore, the main goal of this paper is to assess the age and size structure, condition factor, growth rate, and mortality of the Pontic shad populations in the Danube River, Romania, during migration of the year 2023. All these parameters significantly influence population dynamics and are crucial for forecasting population growth patterns, serving as fundamental information in the field of fishery management.




2. Materials and Methods


2.1. Study Area and Sample Collection


This study was carried out during scientific fishing from March to June 2023, in the area situated between km 169 (Brăila) and km 197 (Gropeni), along the Danube River, Romania (Figure 1).



The samples were collected from scientific catches. The gillnets used for Pontic shad fishing have a mesh size of 30 mm × 30 mm, height of 4.20 m, and length of 190 m (2 pieces). Random selection of the fish specimens was done while sampling. Fish were measured (±0.1 cm precision) for total length (Lt), standard length (Ls), fork length (Lf), and body depth (H) and weighed with an electronic scale (±0.01 g precision).




2.2. Determination of Sex and Age


The sex was determined by macroscopic examination of gonads, while the age determination was made from the scales collected from the anteromedial part of the body above the lateral line.



The age was determined by reading the rings’ annual growth on the scales using a stereo microscope with 1 × 10 magnification. Briefly, the scales were rinsed with distilled water and submerged in 96% ethanol for several minutes to eliminate residual water. Following this, ten scales from each fish were carefully mounted between two slides for preparation and read at microscope Kern OBN 135 (Kern and Sohn GmbH, Ziegelei, Balingen–Deutschland) [15,16].



The sex ratio was given as males: females (M:F), calculated using the formula: total number of males/total number of females [17]. The chi-square (χ2) was used to verify the existence of significant differences between the sex ratio of the study species and the commonly expected 1:1 sex ratio.




2.3. Length–Weight Relationship


To determine the length–weight relationship, the power function, W = a × Ltb, was used, where W is the weight of the fish (g), Lt is the total length of the fish (cm), “a” is the condition factor, and “b” is the allometric growth factor [18,19].




2.4. Estimation of Growth Parameters


The length frequency distribution data (1 cm length classes) were analyzed using the computer software package FiSAT II version 1.2.2. (FAO-ICLARM Stock Assessment Tool).



The growth parameters were estimated through the von Bertalanffy growth function (VBGF) using monthly length-frequency data for both sexes (1 cm class interval). The mathematical model of the von Bertalanffy equation is:


L(t) = L∞[1 − e−k(t−t0)]



(1)




where L(t) is the total length at t age (cm), L∞ is the asymptotic total length (cm), k is growth coefficient (year−1), t is the age of the sample (year), and t0 is the theoretical initial age at which the total length is zero (year).



The asymptotic length (L∞) and growth rate efficiency (k) were calculated using the ELEFAN I program in the FiSAT II program package, while the theoretical age at length zero (t0) was calculated using Pauly’s empirical equation [20]:


Log(−t0) = −0.392 − 0.275 LogL∞ − 1.038 Logk



(2)







The approximate longevity (tmax) was calculated according to Pauly and Munro, 1984 [21]:


tmax = 3/k



(3)







The growth performance index was estimated according to Pauly and Munro, 1984 [21]:


(φ’) = log k + 2 logL∞



(4)




where k and L∞ are parameters of von Bertalanffy.



According to Ragonese et al. (2012) [22], this parameter indicates the proportional growth of a fish to its length and it is applicable for comparing growth performances either across various species or within the same species.




2.5. Total Mortality, Fishing Mortality, and Exploitation Rate


The total mortality rate (Z) was estimated by constructing linearized length-converted catch curves [23].



The natural mortality (M) was calculated by the length–base empirical relationship by Pauly (1980) [24], using a mean annual water temperature (T) of 12 °C:


lnM = −0.0066 − 0.279 lnL∞ + 0.6543 lnk + 0.463 lnT °C



(5)







Also, the natural mortality (M) was estimated based on growth parameters, according to Then et al. (2015) [25]:


Estimation based on growth parameters: M = 4.118 K0.73 L∞−0.331



(6)







The fishing mortality (F) is obtained by subtracting the instantaneous rate of natural mortality (M) from the total mortality coefficient (Z):


F = Z − M



(7)







The exploitation rate (E) was calculated by dividing the fishing mortality (F) by the total mortality rate (Z) [26]:


E = F/Z



(8)








2.6. Probability of Capture, Relative Yield per Recruit (Y/R), Relative Biomass per Recruit (B`/R), and Virtual Population Analysis (VPA)


The probability of length at the first capture (Lc), as well as the lengths at the 25th and 75th captures, was estimated, representing cumulative probabilities at 25% and 75%, respectively. This approach provides valuable insights into estimating the actual size of fish caught in a particular fishing area using specific gear. The probability of capture serves as a crucial metric for fishery managers engaged in sustainable fishery management [27].



Relative yield per recruit (Y/R) and relative biomass per recruit (B`/R) were calculated based on the Berverton and Holt model [28], assuming a knife edge recruitment.



The length-structured Virtual Population Analysis (VPA) was conducted to estimate the mortality in each length class caused by fishing. For the VPA analysis, the length frequency classes, the coefficient “a” and “b” from the length–weight relationship, natural mortality (M), the asymptotic length (L∞), and the growth coefficient k were included.




2.7. Statistical Analyses


Statistical analyses were done in the FiSAT II (FAO-ICLARM Stock Assessment Tool), Microsoft Excel (Microsoft Office, 2019), and SPSS statistical software for Windows, Version 26.0, Chicago, IL, USA, SPSS Inc. The t-test was used to test whether the slopes (b) were significantly different or not.





3. Results


3.1. Sex Structure of Pontic Shad Population


The evaluation of growth parameters was made on 450 fish with a total biomass of 100.575 kg. From the measured fish, 238 were females (52.89%) and 212 were males (47.11%) (Table 1). The Males/Females sex ratio (M/F), calculated on 450 individuals, was 0.89. There were no significant differences between the number of females and males (p > 0.05), and the sex distribution is close to a 1:1 ratio (Chi-square test, X2 = 6.18, df = 4, p = 0.18).



The size and weight of females ranged between 26.00 ÷ 35.50 cm and 140.00 ÷ 380.00 g, and the males ranged between 24.70 ÷ 32.00 cm and 120.00 ÷ 270.00 g. The smallest female was 4 years old with a total length of 26.00 cm and a weight of 140.00 g, while the smallest male was 3 years old with a total length of 24.70 cm and a weight of 160.00 g.




3.2. Length–Weight Relationship (L-W)


The results of the L-W relationship of Pontic shad are presented in Table 2. The calculated length–weight equation for both sexes was: W = 0.0219 × Lt2.72. The L-W regression for males was W = 0.32 × Lt2.92, and for females was W = 0.0258 × Lt2.68. The regression statistics for the length–weight relationship of the Pontic shad recorded the regression slopes or growth coefficients, a “b” of 2.92 in males, 2.68 in females, and 2.72 for combined sexes, with values being significantly less than three (p < 0.05).




3.3. Growth and Mortality Parameters


The migratory Pontic shad population of 2023 was dominated by cohorts of 4 years of age (46.44%—from which 23.33% is represented by males and 23.11% by females), followed by cohorts of 5 years of age (38% from which 20.89% is represented by females and 17.11% by males), while the cohorts of 3 years of age represent only 8.67% (4.67% males, and 4% females). The cohorts of 6 and 7 years of age have a relatively small percentage compared to the harvested fish population (5.78% and 1.11%, respectively) (Figure 2).



From length-frequency data, the estimated von Bertalanffy growth constants for combined sexes are: L∞ = 36.75 cm, k = 0.68 year−1, and t0 = −0.67 year−1 (Figure 3). The growth performance index (φ’) was 2.96. The restructured length frequency of Alosa immaculata with superimposed growth curves (Figure 3) shows that the majority of the captured fish were within the size of 27–30 cm in total length.




3.4. Total Mortality, Fishing Mortality, and Exploitation Rate


The length-converted catch curve (Figure 4) showed that the total mortality (Z) estimated for Alosa immaculata was 2.76 year−1. The natural mortality (M) at 12 °C was 0.89 year−1, while according to the formulae of Then et al. (2015) [25], the estimated natural mortality (M) based on growth parameters was 0.91 year−1. The fishing mortality (F) was 1.87 year−1. The exploitation ratio (E) was estimated at 0.66 year−1.



Regarding the analysis of the growth parameters for separate sexes, it was found that the male’s natural mortality (M) and fishing mortality (F) (M = 1.08 year−1; F = 2.16 year−1) was higher than the females (M = 0.76 year−1; F = 1.43 year−1). Also, the total mortality (Z) was higher in males (3.24 year−1) than in females (2.19 year−1). The exploitation rate (E) is quite similar between males (E = 0.67 year−1) and females (E = 0.65 year−1), indicating the overfishing of both sexes.




3.5. Probability of Capture, Relative Yield per Recruit (Y`/R), and Relative Biomass per Recruit (B`/R)


The logistic regression of the probability of capture is presented in Figure 5. The selectivity pattern observed for Alosa immaculata captured between km 169–197 of the Danube River, Romania, indicates that gillnets successfully caught a minimum of 25% of fish measuring 27.59 cm, 50% of fish measuring 30.25 cm, and 75% of all fish with a total length of 32.06 cm.



The relative yield per recruit (Y`/R) and the relative biomass per recruit (B`/R) indicated values of Emax = 0.770, E10 = 0.656, and E50 = 0.392. The length-structured Virtual Population Analysis (VPA) was conducted to estimate the mortality of each length class caused by fishing (Figure 6a,b).



The length-based Virtual Population Analysis (Figure 7) showed that the natural losses were highest among individuals within the length range of 24 to 28 cm, while the highest fishing mortality was experienced by individuals within the interval of 27 to 32 cm.





4. Discussion


Research on fish communities has an important role in the sustainable management of fishing practices. The estimation of growth and mortality population parameters, such as asymptotic length (L∞), growth coefficient (k), mortality rates (Z, M, F), and exploitation levels (E), are important tools in understanding the biological characteristics of fish species, serving also as a basis for the good management and the preservation of aquatic resources [29,30,31].



Most spawning activities of Pontic shad are concentrated between 180 and 743 km of the Danube River [32,33], but the sections between km 169 and km 197 (Gropeni) represent an important point for reproduction [9]. In 2023, the first specimens of Pontic shad, at selected points were caught on March 4th, when the water temperature recorded a value of 6 °C [34], and the last specimens were caught in the nets at the end of June when the water temperature recorded a value of 23 °C [34]. However, the onset of Pontic shad migration varies annually based on the specific hydrometeorological conditions of each year. According to some authors [35,36], Pontic shad initiates migration when the water temperature reaches 4.5–6 °C, with the peak occurring between April and May when the water temperature ranges from 9–17 °C, and the migration completes in June–July when the water temperature reaches 22–26 °C.



Concerning the demographic structure of the Pontic shad population from the migration of the year 2023, there were five age groups reported, with predominant cohorts of 4 (46%) and 5 years of age(38%). The 3-year-old cohorts represented a smaller proportion (8.67%), while no cohorts of 2 years of age were identified. The findings align with the observations of Mocanu et al. (2021) [37], who reported, during the migration of Pontic shad from the year 2020, at the 169th km of the Danube River, dominant cohorts of 4 years of age (41.90%). The authors reported that the 6-, 5-, and 3-year-old cohorts represent 19.85%, 15.62%, and 13.14%, respectively, while individuals of 7 and 2 years represent a small part of the migratory population (8.32% and 1.17%, respectively). Other authors [38] report six age groups (from 2- to 7-year-old individuals) for Pontic shad in the Danube River, Romania. In a similar study, Leonov et al. (2023) [6] reported different structures of migratory Pontic shad (for the year 2022) at the Danube mouth (Sulina Branch Mm 34-18): the highest percentage of individuals captured were 3 years old (33.33%), followed by 4 years old (26.38%), while only a small percentage (11.11%) were 5 years old and 6 years old (6.94%).



According to some authors [35,36,39], sexual maturation occurs predominantly at the ages of 3 and 4 years. Moreover, the authors suggest that 2-year-old individuals (those with early sexual maturity) have a diminished role among breeders, while fish aged 7 years are seldom observed during the migration process.



In our study, we do not capture fish aged 2 years. However, the specific fishing gear we employed aligns with previous research methodologies and ensures consistency in sampling across different studies. For example, in a similar study [2] used for the fishing of Alosa immaculata on the Black Sea coast (Romania), fishing gears with a 32 mm mesh size were used and generations aged between 2 and 5 years old were reported. Also, with the same gillnets, the authors reported few catches of Alosa immaculata with a total length smaller than 25 cm [2]. Electrofishing, an alternative method, proves less suitable for capturing Alosa immaculata due to their behavioral tendencies and natural habitat. As migratory fish, Alosa immaculata exhibit an active swimming behavior and cover long distances within river systems like the Danube. The swift currents in their habitat render electrofishing less effective, as it struggles to capture fish in dynamic movement. Moreover, the equipment’s limited coverage area reduces its efficiency in capturing Alosa immaculata, further emphasizing the suitability of gillnets for our study’s objectives.



Năvodaru (1997) [7] conducted a comprehensive study regarding the demographic structure of the migratory population of Alosa immaculata in the Danube River, Romania, between the years 1987 and 1996. The author’s findings revealed distinctive age structures for each migration season. This differentiation was attributed to the pronounced impact of environmental variability on each generation during their initial year of life. Moreover, the study highlighted the significant influence of variable fattening durations among individuals within the same generation. This variable duration was identified as an important factor in initiating reproductive migration. The complex interaction between the environment and individual developmental timelines highlights the intricate nature of age-structure dynamics in the Pontic shad population.



Also, data relating to the sex ratio have a great significance in comprehending the relationship between fish and the reproductive capacity of a population [40]. The sex ratio of the population in terms of gender can fluctuate based on seasonal changes and migration patterns. According to Năvodaru (1997) [7], males are more predominant in the initial phases of migration, reaching a balance at the migration peak. As the migration concludes, there is a transition in dominance, with females taking a more prominent role.



In our research, the ratio of sexes (M/F) indicates a slight domination of females (M/F = 0.89), which are prevailing in stocks in the examined period. The sex ratio is quite similar to those reported by our similar study conducted for migration in the year 2020 in the same fishing area [41]. However, our observed sex ratio is lower than those presented by Năstase et al. (2018) [42] and Mocanu et al. (2021) [37], who reported sex ratios of 0.51 and 0.34, respectively, for the Danube River. For the Black Sea Coast in Romania, ref. [39] reported a sex ratio of 0.62.



Our findings indicate that Pontic shad exhibits a negative allometric growth pattern, characterized by b-values under 3.00. This suggests that the fish experience more pronounced length growth than their weight [17]. According to Battes et al. 2008 [43], the value of “b” is a measure of the living conditions that the environment provides to fish.



The observed trend aligns with the expected characteristics of the Alosa immaculata species, given its typically elongated body structure. Notably, the coefficient “b” obtained in our research is higher compared to values reported by other authors (b = 2.45; b = 2.487; b = 2.19; b = 2.31) for Pontic shad in their studies in the Danube River, Romania [6,9,37,44]. For the Black Sea coast of Romania, there were reported higher values of “b” (3.134 and 2.879, respectively) [2,45]. On the contrary, some authors have noted a positive allometric growth pattern in Pontic shad (b = 3.435; b = 3.085; b = 3.134) [40,45]. However, the L-W relationship can be influenced by several factors, such as biological factors [46], the environmental temperature [47], geographic area [48], and even human activities [49].



The determination of the growth parameter constants, such as L∞, k, and t0, can help in predicting the fish’s body size when it reaches a certain age. In our research, the asymptotic length was found to be L∞ = 36.75 cm, the growth coefficient k was 0.68 year−1, and the calculated growth performance index (φ’) was 0.67 year−1.



The obtained values are comparable to those obtained by other authors. (Table 3). For example, ref. [6] found the same value for the asymptotic length of Pontic shad, with data provided from commercial fishing from the year 2022 in the Danube Delta, Sulina Branch Mm 34–18, Romania (Table 3).



The estimated instantaneous growth coefficient (k = 0.68 year−1) suggests favorable growth conditions for the species. This finding aligns closely with a comparable value of 0.66 year−1 [6], suggesting an accelerated growth pattern for the species. On the contrary, earlier studies for Alosa immaculata at the Bulgarian part of the Danube River [50,51] indicated a contrasting perspective, revealing slow growth rates for the species (k = 0.27 year−1 and k = 0.10 year−1, respectively). However, differences in the growth rates between the Romanian and Bulgarian populations may be attributed to varying environmental conditions along different stretches of the Danube River.





 





Table 3. Growth parameters, mortality, and exploitation rates for Alosa immaculata in the Danube River.






Table 3. Growth parameters, mortality, and exploitation rates for Alosa immaculata in the Danube River.





	
Growth Parameters

	
Mortality and Exploitation Rates

	
Area

	
Reference




	
L∞

	
k

	
t0

	
Z

	
M

	
F

	
E






	
36.75

	
0.68

	
−0.67

	
2.76

	
0.89

	
1.87

	
0.68

	
Danube River, Romania

	
Our study




	
48.10

	
0.2

	
−1.58

	
-

	
-

	
-

	
-

	
Danube River, Romania

	
[9]




	
43.05

	
0.51

	
−0.53

	
2.32

	
0.77

	
1.55

	
0.67

	
Danube River, Romania

	
[37]




	
36.75

	
0.66

	
-

	
1.83

	
0.87

	
0.96

	
0.53

	
Danube River, Romania

	
[6]




	
40.43

	
0.38

	
−0.08

	
1.54

	
0.58

	
0.95

	
0.61

	
Danube River, Romania

	
[44]




	
35.74

	
0.49

	
0.341

	
-

	
-

	
-

	
-

	
Danube River, Bulgaria

	
[1]




	
40.43

	
0.27

	
−0.218

	
-

	
-

	
-

	
-

	
Danube River

	
[51]




	
57.38

	
0.10

	
1727

	
-

	
-

	
-

	
-

	
Danube River

	
[50]




	
41.5

	
0.38

	
−0.35

	
1.71

	
0.58

	
1.13

	
0.66

	
Black Sea, Romania

	
[45]




	
41.5

	
0.38

	
−0.34

	
1.71

	
0.63

	
1.07

	
0.625

	
Black Sea, Romania

	
[45]




	
37.8

	
0.87

	
−0.69

	
3.03

	
1.12

	
1.01

	
-

	
Black Sea

	
[2]









The natural mortality (M), calculated with Pauly’s equation [24], was 0.89 year−1, while the estimated natural mortality derived from growth parameters showed a higher moratlity rate (0.92 year−1). Overall, the values reported by our study are almost similar to those reported by Leonov et al. (2023) [6], and much higher than those reported by Ibănescu et al. (2017) [44] for the same research area, or by Tiganov et al. (2018) [45] for the Black Sea Coast.



The total mortality (Z), mortality by fishing (F), and exploitation rates (E) were estimated as 2.76 year−1, 1.87 year−1, and 0.68 year−1, respectively.



The natural mortality (M) together with the fishing mortality (F) contribute to the total mortality (Z) of a fish stock and play a crucial role in population biology, providing valuable insights into the intricate dynamics of populations [52,53]. According to Gulland, 1983 [54], the most favorable situation for a population is when the rate of the fishing mortality matches the rate of natural mortality. In this scenario, fishing activities target the segment of the population that would otherwise be lost due to natural mortality.



From the estimated parameters of M and F, it can be observed that the fishing mortality is greater than that reported by other authors [6,37,44,45]. Ibănescu et al. (2017) [44] reported a value of F of 0.95 year−1 in 2017 for the same fishing area, while Mocanu et al. (2021) [37] reported a value of F of 1.55 year−1, having observed a high increase over recent years.



The findings from our study highlight a concerning pattern of overexploitation in Pontic shad stocks. Our results show that fishing mortality surpasses natural mortality, indicating an intense exploitation of the species. Additionally, the calculated exploitation rate (E = 0.68 year−1) exceeds the optimum reference (E = 0.5) proposed by Gulland and Holt (1959) [55], further pointing towards an unsustainable level of exploitation. Moreover, when the ratio Z/k exceeds one, this indicates that the stock is in a state of collapse. If the ratio equals one, the population is in a steady state, and the dominance of growth over mortality is evident when the ratio Z/k is below one [56]. On the other hand, if the proportion is significantly greater than two, it signifies the overexploitation of the stock. In our study, the Z/k ratio was determined to be 4.05, well beyond the critical threshold of two. The coherence between our observed exploitation rate and the Z/k ratio reinforces the evidence that the Pontic shad stocks are in an overexploited state, emphasizing the necessity for conservation and sustainable management measures.



The size of the first capture (Lc50) of Alosa immaculata in this study was estimated at 30.25 cm. The Lc50 of the present study is lower than that determined in Pontic shad stocks by Tiganov et al. (2023) [2] in the Black Sea Coast, Romania. The differences in estimations could be linked to environmental factors and prolonged fishing pressure over an extended timeframe [57,58]. This situation might have a significant impact on the size at maturity, forcing the population to mature at a smaller size as a strategy to ensure the species’ survival.



The length-based virtual population analysis (Figure 7) showed that the natural losses were highest among individuals within the length range of 24 to 28 cm, while the highest fishing mortality was experienced by individuals within the interval of 28 to 35 cm.



Calculating mortality rates is important to sustain fish stocks at the desired levels and prevent the overexploitation of fisheries. In the current study, the analysis revealed an Emax value of 0.77 in comparison to the current exploitation rate (E) of 0.68 year−1. This suggests that the fish stock in the Danube River, Romania, is experiencing fishing pressure.



The Virtual Population Analysis (VPA) shows that the size class of 27 to 32 cm was affected by fishing mortality, while the highest natural losses were recorded at the length range of 24 to 28 cm. In this context, fish species of a smaller size undergo a lower rate of mortality due to fishing, while larger-sized fish species face a higher fishing mortality rate. When we assess the harvesting rate, it becomes apparent that fish species belonging to smaller mid-length groups have relatively higher rates of catches compared to fish species found in larger mid-length groups.




5. Conclusions


The exploitation rate (E = 0.66) was over the optimum level of 0.5, indicating that the Alosa immaculata species is overexploited in the Danube River, Romania. In this context, the long-term monitoring of Pontic shad populations, considering various factors such as age and sex distribution, is essential for making informed management and conservation decisions. Consistent and comprehensive data collection over the years enables researchers to identify trends, understand population dynamics, and implement effective conservation measures if it is necessary.
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Figure 1. Sampling locations of Alosa immaculata in Danube River (169–197 km), Romania. 
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Figure 2. (a) The age structure of Alosa immaculata’s ages fished in the Danube River, km 169–197; (b) the percentages of females and males of each age of Alosa immaculata fished in the Danube River, km 169–197. 
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Figure 3. Length-frequency distribution output from FISAT II with growth curves for Alosa immaculata, fished in Danube River, km 169–197. 
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Figure 4. Length-converted catch curve for Alosa immaculata fished in Danube River, km 169–197. 
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Figure 5. Estimated probability of capture by the length of Alosa immaculata, fished in Danube River, km 169–197. 






Figure 5. Estimated probability of capture by the length of Alosa immaculata, fished in Danube River, km 169–197.



[image: Fishes 09 00128 g005]







[image: Fishes 09 00128 g006] 





Figure 6. Two-dimensional (a) and three-dimensional (b) representation of the relative production model per recruit for Alosa immaculata, fished in Danube River, km 169–197, based on knife-edge selection. 
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Figure 7. Histogram of the Virtual population of Alosa immaculata fished in the Danube River, km 169–197. 
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Table 1. Somatic measurements of Pontic shad catch for the year 2023, in the area situated between km 169 (Brăila) and km 197 (Gropeni), along the Danube River, Romania.
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	Sex
	N
	Mean W

(g)
	Mean Lt

(cm)
	Mean Ls

(cm)
	Mean Lf

(cm)
	Mean H

(cm)





	Females
	238
	247.88 ± 45.30
	30.47 ± 1.76
	26.97 ± 1.63
	27.25 ± 1.68
	6.15 ± 0.53



	Males
	212
	196.13 ± 23.90
	28.46 ± 1.09
	25.21 ± 1.07
	25.34 ± 1.06
	5.55 ± 0.49



	Both sexes
	450
	223.5 ± 44.95
	29.53 ± 1.79
	26.14 ± 1.65
	26.35 ± 1.71
	5.87 ± 0.59







N—number of specimens; Mean W—mean weight (g); Mean Lt—mean total weight (cm); Mean Ls—mean standard length (cm); Mean Lf—mean fork length (cm); Mean H—body depth (cm).













 





Table 2. Length–weight relationship parameters for Alosa immaculata.
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	Sex
	Number of Fish
	Equation
	R2





	Males
	212
	W = 0.32 × Lt2.92
	0.63



	Females
	238
	W = 0.0258 × Lt 2.68
	0.74



	Males + Females
	450
	W = 0.021 × Lt2.72
	0.72
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