

[image: Capture-based hatchery of black tiger shrimp (Penaeus monodon) in Vietnam: an analysis of resource utilisation and challenges]
Capture-based hatchery of black tiger shrimp (Penaeus monodon) in Vietnam: an analysis of resource utilisation and challenges





ORIGINAL RESEARCH

published: 03 September 2024

doi: 10.3389/fmars.2024.1434255

[image: image2]


Capture-based hatchery of black tiger shrimp (Penaeus monodon) in Vietnam: an analysis of resource utilisation and challenges


Son Nam Vo 1, Thuy Thi Le Cu 2, Tao Tai Chau 1, Long Thanh Nguyen 1, Tinh Thien Tang 1, Hoa Van Au 1, Khoa Nguyen Duy Tran 1, Quynh Do Nguyen 1, Viet Van Ho 3, Tu Quang Trinh 4, Tran Bao Phan 3, Wendy Norden 2 and Phuong Thanh Nguyen 1*


1 College of Aquaculture and Fisheries, Can Tho University, Can Tho, Vietnam, 2 Monterey Bay Aquarium, Monterey, CA, United States, 3 Division of Fisheries, Department of Agriculture and Rural Development, Ca Mau, Vietnam, 4 Vietnam Institute of Fisheries Economics and Planning, Ministry of Agriculture and Rural Development, Ha Noi, Vietnam




Edited by: 

Mhd Ikhwanuddin, University of Malaysia Terengganu, Malaysia

Reviewed by: 

Dharmendra Kumar Meena, Central Inland Fisheries Research Institute (ICAR), India

Aparna Chaudhari, Central Institute of Fisheries Education (ICAR), India

*Correspondence: 

Phuong Thanh Nguyen
 ntphuong@ctu.edu.vn


Received: 17 May 2024

Accepted: 29 July 2024

Published: 03 September 2024

Citation:
Vo SN, Cu TTL, Chau TT, Nguyen LT, Tang TT, Au HV, Tran KND, Nguyen QD, Ho VV, Trinh TQ, Phan TB, Norden W and Nguyen PT (2024) Capture-based hatchery of black tiger shrimp (Penaeus monodon) in Vietnam: an analysis of resource utilisation and challenges. Front. Mar. Sci. 11:1434255. doi: 10.3389/fmars.2024.1434255






Introduction

This study aimed to evaluate the status, resource use, and challenges of the capture-based hatchery of black tiger shrimp (Penaeus monodon) (BTS).





Methods

Data was obtained through the investigation of 15 broodstock fishing boats and 60 capture-based BTS broodstock hatcheries. Resource use index (RUI) of the capture-based BTS hatchery, calculated from 1,000 female brooders to produce 15-day-old post-larvae (PL15) (production efficiency of PL15, or PE-PL15), was analysed.





Results

The results indicated that the fishing boats captured an average of 5,900 brooders.boat-1.year-1, 20,856 kg of by catch.boat-1.year-1, and the PE-PL15 production of 937 million for 1,000 female brooders. In the hatchery stage, the use of larger body weight female brooders had benefits in terms of higher survival rate and better efficiency of labour use, Artemia cyst, and probiotic products, but it reduced the efficiency use of chemicals, pellets, and total tank volume of the hatchery.





Discussion

There is increasing use of domesticated brooder sources, but wild-caught brooders still play an important role in producing low-cost PL15 for traditional shrimp farming systems, accounting for most farmed BTS production. Therefore, the certification of good practices should be implemented to capture-based BTS hatcheries for the reasonable use of this brooder resource to sustain BTS farming in Vietnam.
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1 Introduction

Black tiger shrimp (Penaeus monodon) (BTS) are distributed from East and Southeast Africa and Pakistan to Japan, the Malay Archipelago, and Northern Australia (Indo-West Pacific region) (Holthuis, 1980). This is an important species of capture fishery and aquaculture due to its large size as well as high market value and demand. Wild BTS is captured in the offshore waters of some countries such as Malaysia and Thailand (Mohamed, 1970). In Vietnam, wild-caught BTS brooders used for hatcheries to produce post-larvae (PL) were started in 1997 (Hai et al., 2003). During the first developmental phase of Vietnam’s BTS hatcheries, the brooder supply was mainly from wild-caught sources as the domestication works of BTS had not yet begun. The wild brooders were mainly caught in Vietnam’s Central region (Khanh Hoa and Ninh Thuan provinces) and Southern region (Ca Mau province). The intensive capture of BTS brooders in Vietnam’s Central region led to overexploitation, after which Ca Mau province became the main BTS brooder fishing ground (Phuong et al., 2006), especially ‘Bai Can’ ground which is located at 7°00’–8°45’ N latitude and 103°00’–105°00’ E longitude (Tao et al., 2008).

The total area of BTS farming in Vietnam reached 630,409 ha in 2022 (Shrimp Farmer Magazine, 2023). Of these, 96.7% operated as extensive, improved extensive, alternative rice shrimp, and integrated mangrove shrimp farming models (known as ‘traditional’ farming models). These farming models have used hatchery-reared PLs produced from wild-caught brooders. The PLs of BTS are characterized by low prices, high survival rates, and good tolerance to the natural water environment. The remaining area (about 3.3% of the total) applied semi-intensive and intensive farming models. These models mostly employed PLs produced from domesticated brooders with fast growth and specific pathogen-free (SPF) characteristics. Thus, the demand for domesticated brooders has increased to an estimated 60,000 individuals in 2022 (Vietnam Fisheries Magazine, 2023) and is expected to reach 150,000–200,000 individuals in 2030 (MARD, 2018). In contrast, as previously mentioned, wild-caught brooders have remained in high demand for PL production to meet the demand of large areas currently used for traditional shrimp farming.

Wild-caught brooder exploitation has benefited fishermen. Notably, PL quality depends greatly on the genetic diversity and population structure of the wild brooders. The quality of brooder varies among water regions; this high genetic diversity indicates a possibility to use wild brooder populations for seed production as well as to improve genetics for growth and economic traits (Kumar et al., 2007; Khedkar et al., 2013). However, this leads to the excessive exploitation of wild brooders and places resources under increased pressure. The over-exploitation of brooder also negatively affects the marine ecosystem as well as the sustainability and biodiversity of fishery resources (Klinbunga et al., 2001; Kumar et al., 2007). On the other hand, there is an increased dependence on PLs produced by domesticated brooders (Klinbunga et al., 2001), which may reduce domesticated brooders’ adaptability to changes in environmental conditions (Dixon et al., 2008; Liu et al., 2013). Therefore, domesticated brooders’ genetic diversity is crucial to maintaining good traits in farmed shrimp (Rezaee et al., 2015). Wong et al. (2021) stated that wild brooders’ genetic diversity is high compared to that of domesticated populations, and that wild brooder sourcing is also essential for genetic improvement and maintaining diversity.

The source of wild-caught brooders in the studied area (Ca Mau fishing ground) is highly important not only for PL production but also for the conservation of genetic resources and fishermen’s incomes. However, there is a lack of data on the exploitation and use of wild-caught brooders captured for shrimp hatcheries. This paper presents the current status, resource consumption, and challenges of capture-based BTS hatcheries in Vietnam.




2 Materials and methods

The study was carried out from March to December 2022 in the brooder fishing ground and hatcheries in Ca Mau province. Secondary data comprised reports from governmental agencies regarding the number of brooder captures, annual wild-caught brooder collection from 2009 to 2022, as well as regulations and plans related to brooder capture and aquaculture. Primary data was collected by face-to-face interviews using a semi-structured questionnaire.

Fifteen owners of BTS fishing boats (out of 16 fishing boats in total), of which five fishing boats and one brooder collecting boat in the fishing ground at sites 1 and 2 (site 1: 8°17’00” N latitude, 104°54’00” E longitude and site 2: 8°24’00” N latitude, 104°30’00” E longitude; Figure 1) were selected to be interviewed on boat and fishing gear characteristics. Samples of caught BTS and fishes on board were recorded based on direct observation (on board), and photo camera records to identify species composition (using guidebooks of Carpenter and Niem, 1998, 1999a, b, 2001a, b). Fishing gear characteristics were recorded, such as the coordinates of the fishing ground; length of boat (m); and net mesh size (cm), width (m), and length (m). The fishing production variables were clarified, such as collected brooders (number of brooders per month, year, and boat), weight of brooders (g. brooder-1), number of brooders per total captured shrimps (%), number of by-catch species and production (kg.year-1.boat-1).




Figure 1 | Sites of ground survey and fishing ground of brooder in Ca Mau province.



All six distributors of wild-caught brooders in Ngoc Hien district were selected to identify brooder acclimation and landing methods. Sixty (60) hatcheries (in Dam Doi, Nam Can, Ngoc Hien and Phu Tan districts, Ca Mau province) using wild-caught brooders were randomly selected from a whole capture-based hatcheries (523 hatcheries, Table 1) for interviews to clarify technical characteristics (individual female brooder sizes, g), efficiency of PL15 production (number PL.female brooder-1), rearing densities (nauplius.L-1), and survival rates (%). Cost and benefit variables of fishermen, distributors, and hatchery owners were identified such as total costs, total gross income and net income (net income = total gross income – total cost), production costs of wild-caught brooders, and produced PL from wild-caught brooders. Resource use index (RUI) in capture-based hatchery production of 1,000 wild-caught female brooder was identified in terms of labour, diesel oil, electricity, surface and groundwater, feeds (hermit crab, polychaeta worm, artemia), and other chemical compounds.


Table 1 | Sample size of capture-based hatchery in Ca Mau province.





2.1 Data analysis

Data were analysed by descriptive statistics (mean, standard error of mean (SE), and frequency). Capture-based hatchery efficiency was analysed using material flow analysis (MFA), and the functional unit of input utilisation was calculated based on 1,000 brooders caught in the wild to produce a quantity of 15-day-old PL (PL15) (called ‘production efficiency of PL15’ or PE-PL15).

In the capture stage, the relationship between RUIs, net income and fishing effort parameters of fishing boats were determined using bivariate correlation (Pearson, p < 0.05) and multiple linear regression (Enter method). Multiple linear regression functions had predictors which are deadweight tonnage (DWT), engine power, and total length of net (m) (catching efforts), and dependent parameters are RUIs (p < 0.05). Meanwhile, in the hatchery stage, multiple correlations between RUIs, technical and benefits parameters were subjected to principal component analysis (PCA, eigenvalue exceeding 1 selected for analysis) using a rotation method such as Varimax with Kaiser Normalization (Johnson and Wichern, 1992). The surveyed hatcheries were sorted according to the increasing body weight of the female brooders to account for the fluctuations in the values factor scores ​​of each component along with the fluctuations in the body weight of the brooders. Data were analysed using SPSS software, version 2016.





3 Results



3.1 Brooders’ capture, collection, and distribution



3.1.1 Fishing ground characteristics

The brooder fishing ground, located 30 km or farther from the coastline of Ca Mau province, spans about 15,000 km2 (see the delimited area with the yellow polygon in Figure 1). The fishing grounds of BTS brooder are in the contiguous zone (from coastal line [red] to contiguous line [blue]) and the high sea zone (beyond the orange line, Figure 1) according to the Decree 33/2010/ND-CP. The water is 45–55 m deep, with the bottom being sandy, muddy, and rocky; however, trammel nets can operate only in flat-bottom areas without reefs. Brooders are captured year-round, with a production peak from September to February.




3.1.2 Fishing gear

Fishing boats ranged from 14 to 22 m in length and from 15 to 50 tons in deadweight tonnage (DWT). These boats are equipped with engines of 128 to 460 CV and accommodate 10 to 16 fishermen onboard. Fishing gear is sweeping trammel nets with three overlapping net panels; the average net length is 13.2 km, and the average net height is 5.8 m. The mesh size of two outer nettings ranged from 30 to 40 cm (i.e. 2a = 30–40 cm, a: distance between two adjacent knots). Each mesh of outer netting can create a net frame (as ‘a bag’) when combing inner netting to capture brooder. The inner netting has a smaller mesh size compared to the outer ones, where there were three different mesh sizes, the upper selvage having the biggest mesh size (2a = 11–15 cm), next to the middle one (2a = 8–9 cm), and lower selvage (2a = 5–8 cm). Brooders are usually caught at the lower selvage of the net panel. The headline is raised by floaters such that there is enough force to lift the netting panel open wide vertically, and sinkers keep the footrope sweeping on the seabed to shoo brooders into the nets (Table 2; Figures 2A, B).


Table 2 | Characteristics of the fishing boat.






Figure 2 | Side view of shrimp brooder trammel net (A) and operation of gill net in the fishing ground (B).






3.1.3 Fishing operation

Sweeping nets are shot crossing the direction of the water current to catch brooders on the seabed. During the fishing time, the net panel drifts due to the water current. The caught brooder production depends on the size of the seabed where the nets swept on; thus, faster water current and longer drifting time will result in higher production. Average fishing time per day (ranging from one to two) varied depending on water currents. Brooder fishing was conducted during the day; the first catching batch lasted from sunrise to noon and the second ended at sunset. After four to six hours of drifting with water currents, fishermen pulled the nets onto the boat using an electrical rotating drum. Fishermen usually worked about 305 days per year.




3.1.4 Wild-caught brooder

Fishing boats had a catch production of 2,400 to 21,840 brooder.boat-1.year-1. Of these, 69% of wild-caught brooders met standard criteria for hatchery production. The female to male ratio was 52.1%, and the average sizes of brooders were 208 g for females and 121 g for males.




3.1.5 Collection and distribution of brooders

Distributors play an essential role in collecting from fishermen (at fishing grounds) and distributing brooders to shrimp hatcheries. The collecting brooder boat had a DWT of 25–30 tons, and one collection boat can collect wild-caught brooders from two to three fishing boats. About five to eight brooders were acclimated in 100-L aerated styrofoam containers without feeding in the landing period of two to three days. After landing, the wild-caught brooders were sold to hatcheries within 24 hours with an average survival rate of 98%. Annually, one distributor collected and distributed an average of 23,000 ± 4,045 wild-caught brooders, of which approximately 48% were females.





3.2 Hatchery production

The hatchery uses wild-caught females that are ready to spawn after being caught from the sea. This analysis did not consider the unqualified female and male brooders (normally used for the re-maturation culture). The survey results showed that hatcheries were established during the period from 1997 to 2014. These hatcheries applied water exchange techniques in combination with the use of beneficial micro-organisms (probiotics). Hatcheries produced between four and five crops per year, for an average of 4.1 annual crops.



3.2.1 Hatchery construction

Hatcheries had an average total tank volume of 460 ± 400 m3, in which the volume of larval rearing tanks accounted for 41%, followed by treatment tanks (40%), wastewater treatment tanks (13%), spawning tanks (3%), and hatching containers (1%). The treatment, larval rearing, and spawning tanks were made of concrete for high-temperature stability. Meanwhile, wastewater treatment tanks or ponds were mainly concrete (93.3% of the surveyed hatcheries), earth ponds (5%), and HDPE (high-density polyethylene)-lined (1.7%). The use of earthen ponds for wastewater treatment can reduce construction costs, but water was not thoroughly sterilised or treated before being discharged to the external environment. The details of technical and cost-benefit parameters are presented in Table 3.


Table 3 | Characteristics of technical and cost-benefit of capture-based hatcheries.






3.2.2 Female brooders

Wild-caught female brooders were delivered to hatchery gates by distribution agencies. The surveyed hatcheries used only wild-caught female brooders, averaging 48 individual.hatchery-1.year-1. After eye stalk ablation (eye removal), female survival rates were about 95% and were able to reproduce eggs (spawn) at least three times continuously.




3.2.3 Water sources

Water sources commonly used in hatcheries include surface saline water (from rivers and seawater) and ground freshwater. The survey results showed that surface saline water accounted for 74% the total volume (of which 19% was from river and 55% from the sea), and 26% was ground freshwater. Ground freshwater was used mainly to adjust water salinity for larval rearing and acclimating PL to low salinity before stocking in grow-out farms.




3.2.4 Chemicals and probiotics

Hatchery water was treated by alluvium settlement and sterilised using chlorine (CaOCl2), potassium permanganate (KMnO4), iodine, formal, and copper sulphate (CuSO4). Ethylenediaminetetraacetic acid (EDTA) and sodium thiosulfate (Na2S2O3) were also used to remove heavy metal toxicity and neutralise chlorine, respectively. Additionally, during the rearing stages from larvae to PL15, probiotic products (containing beneficial microorganisms such as Bacillus spp., Lactobacillus spp., and enzymes of protease, amylase, cellulase, and lipase) were also used to maintain water quality in rearing tanks.




3.2.5 Natural food and feeds

Wild-caught female brooders were fed live foods such as wild-caught hermit crabs (Pagurus) and polychaete worms. Live algae (Chaetoceros and Thalassiosira) and dried algae (Spirulina) were used for the zoeal stage, while Artemia nauplii and compound feeds were used for the mysis and PL stages.





3.3 Resource utilisation



3.3.1 Material flows and cost-benefit



3.3.1.1 Material flows

RUIs for the capture, distribution and hatchery stages, based on 1,000 wild-caught brooders, are presented in Figure 3. The RUIs are higher, resulting in poorer resource utilisation efficiency. With the brooder fishing ground of about 15,000 km2, the resources used for the capture of brooders can be divided into various groups including fishing effort (boat capacity and fishing gear), human labour, energy (diesel oil), and by-catch products as a natural resource used (by-catch product sold and considered as an income source to compensate of expenses). The quantity of input materials was calculated based on initially captured wild-caught brooders at fishing sites (with a function unit of 1,000 wild-caught brooder). Because hatcheries used only ready-to-spawn wild-caught female brooders, the material flow analysis focuses mainly on female brooder for capture-based hatcheries. The boundary of material flow spans from the capture of wild female brooders until spawning and rearing to PL15 at hatcheries.




Figure 3 | Material follows with RUIs of capture-based hatcheries in Vietnam.



The use of 1,000 wild-caught female brooders produced an average of 937 ± 29 million PL15. The production of PL15 consumed various resources such as boat capacity, net panels, energy (diesel oil/or DO and electricity), labour, and other inputs. Based on 1,000 wild-caught female brooders, PL15 production consumed 70.1 labour and is critical for three exploitation, distribution, and hatchery operation. DO consumption for capture and distribution was 7,758 L; electricity consumption was 200,821 kW.h, 99.9% of which was used for hatchery.

In PL15 rearing or nursery, in addition to the wild-caught female brooders, input resources also include concrete tanks, water quantity (surface and groundwater), feeds (natural food and artificial feeds), chemicals, and probiotics. Because the amounts of ethylenediamine tetra-acetic acid (EDTA), sodium bicarbonate, and sodium thiosulfate are small, they are not estimated.




3.3.1.2 Cost-benefit



3.3.1.2.1 Capture stage

The production cost of a wild-caught brooder averaged US$ 14.6 ± 1.45, while the average onboard selling prices of brooders were US$ 32.6 and US$ 6.9 for each female and male, respectively. Meanwhile, the price of by-catch products was low, with an average of US$ 0.9 kg-1, which was simply considered a contribution to cost reduction. Labour and DO costs accounted for a high proportion (68.1% and 21.1%, respectively). Annually, a fishing boat owner earned US$ 36,447 ± 10,785.




3.3.1.2.2 Distribution stage

The net income of the distributor had an average of US$ 750,782 ± 131,615 per year. Females ready to spawn were sold to hatchery operators at an average price of US$ 106 each. The total production costs were only US$ 59.5 ± 8.70 each, of which the cost of brooder was 80.5%.




3.3.1.2.3 PL15 production stage

The production cost averaged US$ 0.87 ± 0.03 for 1,000 PL15, in which the cost share of female brooder was 18.5%. The hatchery gate price of PL15 was about US$ 1.14 for 1,000 PL15, resulting in an average net income of US$ 89.3 ± 10.7 per m3 of rearing tank (Figure 4).




Figure 4 | Distribution of production costs in capture-based hatchery.








3.3.2 Resource use index analysis



3.3.2.1 Capture and distribution of brooders

The size and capacity of fishing boats using drift trammel net depend mainly on specific hydro-meteorological conditions. Wild-caught brooders were sold onboard daily to collecting boats. The fishing boats do not have large space for brooder acclimation. In addition, the size of fishing boats also depends on operating time at the sea and living space for workers. The distribution activities did not have any effects on fishing boats’ productivity. The results indicated that there was no significant correlation (p > 0.05) among fishing effort parameters such as DWT, engine power, length of the boat, and length of the net. This implies that there is no regular variation among these factors to enhance brooder catches (e.g. a stronger engine capacity has longer net lengths). The drift trammel net depends greatly on the fishing grounds’ water current velocity and seabed characteristics.

The correlations among RUIs and parameters of fishing effort were evaluated to determine resource expenses in fishing brooders (for 1,000 brooders captured). Excluding the RUI of by-catch, the engine power had a significant positive correlation (p < 0.05) with RUIs such as engine power (0.88), DWT (0.84), area of the net panel (0.78), number of labour (0.73), and DO (0.76). While the RUI of DWT has positively and significantly correlated (p < 0.05) with DWT (0.77) (Table 4).


Table 4 | Coefficients of correlation between characteristics of the fishing boat and RUIs.



Therefore, the RUIs of engine power, DWT, net panel area, number of labour and DO were predicted by catching efforts parameters such as DWT (ton), engine power (CV) and total length of net (m) through 5 regression functions. Meanwhile, the RUI of by-catch and net income were not regressed because the significant correlation of these catching effort parameters was not found (p > 0.05).

Table 5 indicates that (in bold letters, from function 1 to 5) an increase of 10 CV engine power will increase RUIs of 4.90 CV of engine power, 0.30 tons of DWT, 665 m2 of net panel area, 0.10 person and 106 L of DO. Meanwhile, function 2, if an increase of 10 tons of DWT fishing boat will increase 2.00 tons of DWT’s RUI. These above-mentioned issues indicated that the RUIs would be poorer if fishing efforts, such as engine power, DWT, and total net length increased.


Table 5 | Coefficients of prediction parameters in five regression functions of RUIs.



At the distribution stage, DO consumption accounts for 47.7%, electricity 0.03% and labour 0.30% of the total amount of resources used through the hatchery production (from capture to hatchery that only use female brooders). With a frequency of 2-3 days per trip of collecting boats, (the best time for maintaining good health of brooders), and the effectiveness of collecting brooders depends on the fishing productivity and weather conditions. The influence of engine power, DWT of collecting boat on the RUIs was not appropriated for analysis.




3.3.2.2 Hatchery production efficiency

Only wild-catch female brooders are used in the breeding process, RUIs were analysed based on only 1,000 female brooders. For inheritance and related to the exploitation and use of female brooders, the body weight of female brooders is related to both the exploitation results and the hatchery’s method of brooder selection. In addition, rearing density of nauplius and PE-PL15 (millions of PL15 produced using 1,000 female brooders) and net income are also evaluated in this section.

PCA discovered that there are six components having eigenvalues exceeding 1 explains 81.8% of the total variability, and all parameters are loaded into 6 components with coefficients greater than 0.50 (bold numbers, Table 6).


Table 6 | Rotated component matrix of technical, PE-PL15, benefit and RUIs parameters in hatchery stages.



The first component (C1) explains 21.7% of the total variance. This component has a high positive coefficient loading of RUI of CaOCl2 (0.91), iodine (0.97), KMnO4 (0.90), formol (0.98) and CuSO4 (0.97), and represents chemical RUI for water quality management. With 55.6% of the frequency of positive values ​​of the factor score of the hatchery group using female brooders from >200-260 g of body weight, it indicates that the group using the greater body weight of female brooders tended to use more amount of chemicals than hatchery groups using smaller female brooder (Figure 5).




Figure 5 | The value scores of chemical RUI component from 60 capture-based hatcheries.



Component 2 (C2) explains 16.3% of the total variance and showed high positive coefficients of PE-PL15 (0.80), net income (0.78), rearing density (0.74), followed by the RUIs of polychaete worm (0.70), groundwater (0.68), surface water (0.66), and hermit crabs (0.53). The C2 represents PL15 production efficiency, profit, and natural resource use efficiency. However, the frequencies of positive value factor score of the C2 are relatively evenly distributed along the horizontal axis at 47.6, 47.6 and 50.0% in female brooder groups with a body weight of 150-190 g, >190-200 g and >200 -260 g, respectively, indicating that the use of female brooders with different body weights does not greatly affect the C2 (Figure 6).




Figure 6 | The value scores of PL production efficiency, profit and natural resource use efficiency component from 60 capture-based hatcheries.



Component 3 (C3) explains 12.3% of the total variance and with high positive loading coefficients of female brooder body weight (0.86), female brooder survival rate (0.80), the RUIs of pellet feed (0.69), and total rearing tank volume (0.63). In the group of hatcheries used female brooders with body weight of >200-260 g, positive values ​​factor scores of the C3 accounts for 94.4%, greater than 38.1% and 0.0% in the group of >190-200 g and 150-190 g, respectively. This shows that the C3 represents the body weight and survival rate of female brooders. Large size female brooders have a higher survival rate, but it leads to increasing RUIs of pellet feed and total rearing tank volume (Figure 7).




Figure 7 | The value scores of body weight and survival rate of female brooders component from 60 capture-based hatcheries.



Component 4 (C4) explains 11.6% of the total variance and shows positive coefficient loadings for RUIs of labour (0.88) and Artemia cyst (0.87), but a negative coefficient loading for total rearing tank volume (-0.54). The C4 is considered to represent the efficiency of using labour and Artemia cyst as well as the hatchery’s larval rearing capacity. In the hatchery group used female brooders >200-260 g of body weight had 33.3% positive factor scores, which is lower than 47.6 and 52.4% of hatchery groups used 150-190 g and >190-200 g female brooders. Therefore, the hatchery groups used larger female brooders (body weight) tend to have lower RUI values of labour and artemia cyst (Figure 8).




Figure 8 | The value scores of efficiency of using labour and artemia cyst component from 60 capture-based hatcheries.



Component 5 (C5) explains 10.2% of the total variance and is positively related to the total tank volume of hatchery via 0.85 loading coefficient, RUIs of total tank volume (0.90), and electricity (0.74). The C5 implies the scale level of the hatchery (in total volume of all tanks in the hatchery), and with positive loading coefficients show that larger scale hatchery leads to larger values ​​of RUIs of total tank volume and electricity. However, Figure 9 indicates that the frequency of positive value factor scores did not differ among three hatchery groups using different body weights of female brooders, indicating the use of female brooders with different body weights did not result in a difference in the RUIs of total tank volume and electricity.




Figure 9 | The value scores of scale level of hatchery component from 60 capture-based hatcheries.



Component 6 explains 9.7% of the total variance, is considered as consuming probiotics for larvae rearing activity. The C6 had high positive loading for RUIs of probiotics (0.87), total rearing tank (0.52), and total rearing tank volume of hatchery (0.54). the hatchery group using female brooders with the body weight of 150-190 g, the frequency of positive value factor scores of the C6 was 52.4%, higher than 33.3 and 38.9% of groups >190-200 g and >200-260 g, respectively (Figure 10). This suggests that hatcheries using female brooders with larger body weights had lower total rearing tank volume and spent fewer resources on probiotics than groups using female brooders with smaller body weights.




Figure 10 | The value scores of consuming probiotics component from 60 capture-based hatcheries.



The results of the PCA analysis have shown that although the use of greater body weight female brooders resulted in higher RUI of chemicals, pellets, and total tank volume (i.e. poorer resource utilization efficiency), it helps improving the survival rate of the female brooders, lower consumption of labour, Artemia cysts and probiotics products to produce a certain amount of PL15. However, using female brooders with different body weights does not cause differences in PE-PL15 and net income of the hatcheries.






3.4 Impacts and challenges of capture-based hatchery



3.4.1 Positive impacts

Brooder fishing directly benefits fishermen and distributors by creating jobs, with an average income for the fishermen of US$ 5,052 per 1,000 wild-caught brooders, while distributors earned an average income of US$ 2,508 per 1,000 wild-caught brooders. In the hatchery stage, a small-scale hatchery used 1,000 female wild-caught brooders to produce an average of 937 million PL15 and earned US$ 304,826 net income. If considering the net incomes of fishermen and distributors, this figure is low, but the benefit of PL15 produced from wild-caught female brooders is very large due to supplying seeds for large areas of traditional shrimp farming models.




3.4.2 Negative impacts

In capture and distribution, the activities of brooder fishing had direct negative impacts on the marine environment. First, the fishing ground of brooders is an open-access area for all kinds of fishing gear. The frequency of net loss averaged 0.09% per boat per year, causing adverse impacts on the living aquatic species by ghost-net. Second, fishing boats were equipped with neither acoustic pingers to keep marine mammal species away from the net nor alarm devices, which may damage protected species. Third, because drift trammel nets have low selectivity, an average of 0.01% sea turtle by-catch per boat per year was reported. However, because the operating period of each fishing batch was 6.1 hours, most of the sea turtles remained alive until they could be released back into the sea.

Fourth and finally, the onboard survey result indicated that no species were recorded in the IUCN red list of threatened species. However, by-catch species were 39 species, 38 genera, and 32 families belonging to 14 orders: Perciformes (13 families and 17 species); Clupeiformes (three families, four species); Decapoda (three families, three species); Siluriformes (two families, four species); Pleuronectiformes (two families, two species); and Orectolobiformes, Myliobatiformes, Anguilliformes, Aulopiformes, Batrachoidiformes, Scorpaeniformes, Tetraodontiformes, Stomatopoda, Sepiida – each comprising one family with one species. Most of these species are bottom-middle (66.7%); surface-middle and surface-bottom species account for 15.4% apiece.

In hatchery production, the use of hermit crabs, polychaete worms, as well as surface and groundwater supplied by nature, may have negative impacts on resource exploitation; meanwhile, the chemicals may cause residues in water discharge.




3.4.3 Challenges

The capture of brooders faces internal challenges due to limited brooder resources as well as external competition from domesticated brooders. According to the surveyed fishermen, 69% of wild-caught BTS met the standard criteria for hatchery production, which has decreased compared to the previous period. The 31% of wild-caught BTS that did not meet standard criteria were sold as food, at lower prices compared to brooder.

In recent years, production costs in capturing and distributing brooders have increased due to the increase in DO cost. Switching to domesticated brooders of large-scale hatcheries also led to lower demand for wild-caught brooder. Therefore, the selling price of wild-caught brooders did not increase, causing 13% of fishing operators to suffer capital losses (US$ 114 to US$ 1,072 per year-1).

Competition from domesticated brooder: In recent years, hatcheries have used both wild-caught and domesticated brooder sources for PL15 production. The PL15 produced from wild-caught brooder (capture-based hatchery PL, CB-PL) and domesticated brooder (domesticated-based hatchery PL, DB-PL) have different advantages and disadvantages in grow-out farming. Potential biosecurity issues remain unknown for CB-PL, which are also impacted by low growth rate (pathogen infection causing high risk of diseases); meanwhile, DB-PL have been quarantined to achieve specific pathogen-free (SPF) status and high growth rate.

In the traditional farming models (extensive, improved extensive, rice-shrimp, and mangrove-shrimp, using hatchery PL, without feeding and chemical use), with large pond sizes and poor pond construction (e.g. erosion, leakage, overflow), farmers could not adequately prepare shrimp ponds to remove pathogens and unwanted animals (e.g. wild shrimp, crabs, snails, insects, fish, bacteria), which cause diseases and predation. Despite having a low growth rate, CB-PL can adapt to poor environmental conditions, leading to a higher survival rate than DB-PL.

In addition, because CB-PL is three to five times cheaper than DB-PL, shrimp farmers of traditional farming models preferred using CB-PL over DB-PL. However, price cuts to compete with BD-PL have caused the net income of CB hatcheries to decline; 11.7% have negative net income, indicating serious challenges.






4 Discussion



4.1 Management of wild brooder source

The survey results showed that the brooder fishing grounds were in the contiguous and high sea zones. These areas are open to other fishing vessels using different gear, including trawl nets and purse seine nets. BTS fishing boats generally operated in the contiguous and high sea zones according to the provisions of the Fisheries Law 2017, Decree 26/2019/ND-CP, and Decree 42/2019/ND-CP (for all kinds of fishing gear). There are no regulations for catch limit requirements or seasonal closures.

Due to the characteristics of the drift trammel net, capture production depends mainly on BTS resources as well as the characteristics of water current flows and seabeds. Thus, regulations on boat length are not effective in managing and protecting this resource; however, increasing the mesh size and reducing the area of the net panel should be considered. From 2009 to 2022, although the number of fishing boats decreased from 28 boats (2009) to 16 boats (2022), the production of wild-caught BTS brooders did not change, with an average of 151,500 ± 13,600 brooders. year-1. Those eligible to be selected as brooders for hatchery decreased from 91.1% (2009) to 83.3% (2022) due to the smaller size of brooders captured. The decrease of fishing boats, despite increasing catching efforts causes increase RUIs in brooder capture indicating that wild brooder source may pass the peak of optimal exploitation productivity. Furthermore, the results also showed that hatcheries used small-sized female brooders resulted in low survival rate of female brooders and consumed more labour, Artemia cysts, and probiotics. These mentioned issues imply that the sustainability in exploitation and use of wild brooders for capture-based hatchery is on the decline.

Due to brooders are captured at the middle and the net panel’s lower selvage, the upper selvage’s mesh size could be increased to reduce by-catch. The lack of protection equipment for endangered animals prevents the capture of brooder from abiding by good fishery practices. Therefore, it is necessary to modify fishing gear to mitigate negative impacts as well as promulgate specific sustainable fishery certification standards for brooder capture.

Because there is an open access area for several types of fishing gear, especially the presence of trawling net, for better brooder conservation, either stricter regulations and enforcement or improvement efforts are needed for habitat restoration (Burt and Bartholomew, 2019; Alghunaim et al., 2020; Erftemeijer et al., 2020). Besides, although it changes the natural seabed environment (Bartholomew et al., 2022), using artificial reefs should be considered as one potential measure to conserve wild BTS resources.




4.2 Role and trade-off of using wild brooder

At the early stage of hatchery employment, there were 3.3 million hatchery-reared BTS post-larvae produced using wild-caught brooders in 1983 (Hai et al., 2015). Currently, BTS farming’s dependence on wild-caught and domesticated brooder sources is changing because the use of PLs from these sources has different advantages and disadvantages (Communist Party of Vietnam, 2024).

First, with an average of 937 million PL15 produced from 1,000 wild-caught female brooders and 119,000 wild-caught female brooders captured in 2022, the production of 111.5 billion PL15 is estimated. The PLs were used for traditional farming models at low stocking density, such as the improved extensive model of 8–10 PL15 per year (Mai et al., 2016; Son et al., 2021), the rice-shrimp model of 5 PL15 per m2 (Mai et al., 2015; Son et al., 2018), the mangrove-shrimp model of 17–18 PL15 per m2 (Viet and Hai, 2016; Tin et al., 2022). In 2022, the demand for domesticated brooders has increased and was estimated about 60,000 animals to produce 30–40 billion PL15 (Vietnam Fisheries Magazine, 2023) used for intensive culture at a higher stocking density of 20 PL15 per m2 (Son et al., 2019).

Second, the productivity of domesticated brooders was from 598,555 - 689,666 egg.brooder-1 and 423,000 - 470,000 nauplius.brooder-1. This brooder source can completely replace wild collected brooders (Huong et al., 2020). Also, Huong et al. (2022) reported intensive shrimp culture in earthen ponds, the ponds using DB-PL had an average body weight and length of 26.1 g and 15.7 cm, respectively, which were greater than that of ponds using CB-PL (15.6 g and 13.2 cm). This study showed the use of DB-PL brings superior efficiency in terms of survival rate and feed conversion ratio (FCR) if compared to those of CB-PL.

Third, the demand for domesticated brooders is predicted to reach 150,000–200,000 individuals in 2030 (Vietnam Fisheries Magazine, 2023), indicating that the use of domesticated brooder will be more popular and will replace a part of wild-caught brooder. Indeed, the area under traditional farming models constituted 97% of the total 629,000 ha under BTS culture; the remaining 3% was used for intensive culture (Compiled from the Annual Reports of the Vietnam Department of Fisheries, 2020–2021). However, according to MARD (2018), the BTS farming areas will be reduced and stabilised to 600,000 ha, with productivity projected to jump up to 400,000 tons in 2025 and 550,000 tons in 2030. This indicates that the level of intensive BTS farming will increase, leading to greater demand for domesticated brooders to produce high-quality PLs for intensive farm production. This situation suggests that demand for wild-caught brooders may decrease in the coming years because of domesticated brooder and the reduction of pressure on wild-caught BTS sources. From another perspective, because these shrimp farming systems have poor captivity conditions, control of escaped animals is ineffective (Dempster et al., 2018); therefore, using CB-PL may eliminate the gene risk for the wild population compared to using DB-PLs.

Fourth, the study on pathogen infection in wild-caught brooders on the same fishing ground (Ca Mau province) (Dung, 2017) showed that the proportion of brooder samples showing positive signs of infection with Monodon baculovirus (MBV), white spot syndrome virus (WSSV) and yellow head virus (YHV) were 100, 41.7, 3.2%, respectively. The high rate of pathogen-infected brooder samples may be caused by pathogens from nature, and poor biosafety conditions during exploitation and transportation. This leads to the use of wild-caught brooders for PL production having a higher risk of disease than domesticated brooders.

Finally, although domestication has many benefits, such as improving productivity and controlling diseases in aquaculture (Ikhwanuddin and Abol-Munafi, 2016), even for species that have reached level-5 domestication, a significant portion of global production is based on wild individuals (Fabrice, 2018). For instance, some cases of farmed Nile tilapia and Indian carp have shown negative effects of domestication, namely reduced performance compared to wild-caught fish. In such cases, the suggestion is to return to wild colonies for future colony growth (Mair, 2002). In the long term, capture-based aquaculture may be limited by regulations (Ottolenghi et al., 2004), but the cultivation of many aquatic species still depends on natural populations.

Based on the concerns identified in this study, the application of good practices in fisheries and aquaculture must be considered (FAO, 2011). Therefore, wild brooders must be considered in managing and exploiting this resource to ensure the diversity of brooder sources in PL production for different shrimp farming models and to achieve the goal of sustainable development of shrimp farming in Vietnam.





5 Conclusion

In the fishing ground of 15,000 km2, there are 16 fishing boats with an average of 5,900 brooder captured.boat-1.year-1. In the captured hatchery, a brooder of 1,000 wild-caught females produces an average of 937 million PL15; the resources used thereafter include labour, DO, electricity, surface and groundwater, hermit crab, polychaete worm, Artemia cyst, benefit bacteria compound, feed, iodine, chlorine, potassium permanganate, formol, and copper sulphate. In the capture stage, an increase in engine power of 10 CV will add more 4.90 CV, 0.30 tons, 665.10 m2, 0.10 person and 105.90 L to RUI of engine power, DWT, the area of the net panel, labour and DO, respectively; and an increase 10 tons in DWT of fishing boat, the RUI of DWT will increase by 2.00 tons. In the hatchery stage, the use of greater body weight female brooders improves its survival rate, reduces RUIs of labour, artemia cysts, probiotics products, but leads to increased RUIs of chemicals, pellets and total tank volume.

The role of wild-caught brooder is decreasing because of competition from domesticated brooder. However, wild-caught brooders still contribute a large output of CB-PLs at low prices for traditional shrimp farming models, contributing to the majority production of farmed BTS. Therefore, the responsible exploitation of wild brooders should be considered in good fishing practices to preserve this resource for producing different types of PLs to suit different shrimp farming modes.
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R square (CV) of net (m)
2 value value
Dependent parameters p-value lp 1 lp 1 [p value] [p value]
Function 1: regression of RUI of engine power R square: 0.78, -84.20 + 36.10 -0.12 + 0.80 0.49 £ 0.10 0.00 £ 0.00
(CV.1,000 brooder captured™) p = 0.00 0.04] 0.88 0.00 0.75
Function 2: regression of RUI of DWT (ton.1,000 [R square: 0.87, -9.10 + 2.50 0.20 + 0.06 0.03 + 0.01 0.00 £ 0.00
brooder captured™) p = 0.00] 0.00] 0.00) 0.00 0.76
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Data indicated in estimated means of coefficients + SE [p value].
Bold values mean significant regression (p < 0.05) of predictors on dependent parameters.





