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Abstract

:

Simple Summary


The objective of this study was to investigate the correlation between juvenile Acipenser sinensis density and the eDNA content in a controlled laboratory aquarium environment. The results obtained from fluorescent quantitative PCR indicated an overall increasing trend in the eDNA content, which tended to stabilize after three days. Furthermore, a significant positive linear correlation was observed between the density of juvenile A. sinensis and eDNA content at different time points (R2 = 0.768~0.986). When the juvenile A. sinensis were removed at a density of 0.114 ind./L, there was a negative correlation between eDNA content and time. Based on AIC and BIC analyses, a power function model was employed to illustrate the degradation relationship between eDNA content and time.




Abstract


Since the construction of the Gezhouba Dam, Chinese sturgeon (Acipenser sinensis) numbers have gradually declined, rendering this species critically endangered according to the International Union for the Conservation of Nature. Environmental DNA (eDNA) technology plays an important role in monitoring the abundance of aquatic organisms. Species density and biomass have been proven to be estimable by researchers, but the level of accuracy depends on the specific species and ecosystem. In this study, juvenile A. sinensis, an endangered fish, were selected as the research target. Under controlled laboratory conditions in an aquarium, one, two, four, six, and eight juvenile A. sinensis were cultured in five fish tanks, respectively. Water samples were filtered at eight different time points for eDNA content analysis. Additionally, eDNA yield was tested at six different time points after a 0.114 ind./L density of A. sinensis was removed, and the employed degradation model was screened using the Akaike information criterion (AIC) and the Bayesian information criterion (BIC). The results showed that eDNA content remained stable after 3 days and exhibited a significant positive linear correlation with the density of A. sinensis (R2 = 0.768~0.986). Furthermore, eDNA content was negatively correlated with the 3-day period after the removal of A. sinensis. The power function had the smallest AIC and BIC values, indicating better fitting performance. This study lays a momentous foundation for the application of eDNA for monitoring juvenile A. sinensis in the Yangtze Estuary and reveals the applicability of eDNA as a useful tool for assessing fish density/biomass in natural environments.
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1. Introduction


The Chinese sturgeon (Acipenser sinensis), belonging to the order Acipenseriformes, the family Acipenseridae, and the genus Acipenser, is a unique, large river and sea migration fish in China. In the summer, breeding adult fishes migrate from the Yangtze Estuary to the upper reaches of the Yangtze River, stay for one year in the Yangtze River, and spawn during the next autumn [1]. Due to the interception of the Gezhouba Dam project and the impoundment of the Three Gorges Reservoir, the spawning area of A. sinensis has shifted, and its spawning habitat has been destroyed [2,3]. Wild A. sinensis numbers have decreased sharply; thus, A. sinensis has been listed as a critically endangered species, and its biomass has become even more difficult to assess. According to the bulletin of aquatic biological resources and habitat status in the Yangtze River basin in 2022, the natural spawning activities of A. sinensis were not detected in the Yichang River section of Hubei Province in the Yangtze River during the dissection of egg-predatory fishes, the observation of underwater videos, and the investigation of egg harvesting at the bottom of the river [4]. Even the natural reproduction of A. sinensis has been consecutively interrupted for 6 years since 2017 [4]. In addition, the breeding population of A. sinensis was estimated to be only 13 according to a hydroacoustic survey conducted in the Yichang River section below the Gezhouba Dam [4]. According to the 2022 bulletin, more than 310,000 A. sinensis individuals have been released in the Yangtze River basin. However, only 20 sub-adult A. sinensis individuals were discovered in the middle and lower reaches of the Yangtze River and the Yangtze River estuary, with no wild juvenile A. sinensis individuals observed [4]. No signs of spawning activity were detected in 2013 and 2014; however, Zhuang et al. reported four wild A. sinensis individuals in the Yangtze Estuary in 2015 [5], suggesting that certain individuals had resumed spawning at uncharted locations within the Yangtze River due to their remarkable environmental adaptability. Therefore, a comprehensive and persistent resource survey of A. sinensis is imperative.



It has recently become of paramount importance to investigate fishery resources, necessitating the adoption of less intrusive investigation methods. Traditional surveys such as bottom trawling and using fyke nets entail substantial human and material resource consumption [6,7] while also requiring taxonomic expertise, thereby posing a significant risk of ecosystem disturbance with respect to the riverbed. The publication of lists of banned fishing gear and the development of energy-efficient fishing gear have cut down on the widespread use of such survey methods and contributed to significant biodiversity improvements on the river bottom [8]. In addition, the tracking method of using a mark is complicated, costly, and damages fish; thus, the amount of tagging is limited [9]. Environmental DNA (eDNA) technology has supplied a new idea and method for the investigation of aquatic organisms. It makes up for the shortcomings of the above survey methods. The skin, mucus, tissue, feces, and urine shed and excreted by organisms are together referred to as environmental DNA (eDNA), which was first used to monitor traces of hydrobiont in 2008 [10]. eDNA technology has been extensively applied to monitor multiple species and estimate biodiversity in various aquatic ecosystems [11]. Compared to traditional investigation methods, eDNA technology offers faster, simpler, and more sensitive and efficient approaches. Additionally, it is less invasive, and it is particularly effective for monitoring low-natural-density, endangered, and rare species [12,13]. Yu et al. proved that environmental DNA was effective in monitoring the breeding populations of A. sinensis [14], and Xu et al. utilized eDNA to monitor the seasonal spawning pattern of A. sinensis [15], both of which highlighted the feasibility and significance of further studying eDNA technology for monitoring A. sinensis.



Recently, scholars have also adopted eDNA methods to estimate species biomass, density, and abundance [16]. Several studies have demonstrated positive correlations between species biomass and eDNA concentration [17,18,19]. Takahara et al. discovered a positive correlation between the biomass of carp and eDNA concentrations in both aquariums and ponds [20]. Itakura et al. estimated the abundance and biomass of eel through eDNA analysis in river basins [21]. An increasing number of studies have linked eDNA concentrations with species density/biomass [22,23]. The shedding and degradation rate of eDNA is affected by the differences in species, which also have an impact on the correlation between concentration and density. A. sinensis is an endangered migratory fish that inhabits complex river and sea environments. However, the research on the relationship between eDNA content and the density of A. sinensis is limited.



Thus, the aim of this study was to preliminarily investigate the relationship between eDNA content and density in a controlled environment using a fluorescence quantitative PCR technique. Moreover, we also conducted research on the degradation of eDNA content over time after removing eight juvenile A. sinensis to establish an appropriate model for the relationship between the eDNA content of A. sinensis and time. This was carried out by using the Akaike information criterion (AIC) and the Bayesian information criterion (BIC). This study analyzed the correlation between the density of A. sinensis (biomass) and the concentration of eDNA. These results will provide valuable insights into density assessment and resource distribution monitoring in natural habitats while offering reliable data for conservation efforts focused on aquatic biological resources.




2. Materials and Methods


2.1. The Specific Primers and Probes for A. sinensis


The primer sequence used in this study for amplifying the 132 bp target fragment of the D-loop gene (GenBank accession number: AY096295.1) was designed by Yu et al. [14]. The primer sequence is as follows:



D-loopF (DF): GGCAATTTTAATCTGGGTTTCCA;



D-loopR (DR): TGGATGTTAGATATATGTCCTTG.



According to the mitochondrial DNA (mtDNA) D-loop gene sequence of A. sinensis (GenBank accession number: AY096295.1), the probe was designed by Shanghai Personal Biotechnology (Shanghai, China) Co., Ltd., and the probe sequence is as follows:



Probe: 5′FAM-CAAGGTAGAACATTACACAACTGCTCG-3′BHQ1.



Moreover, the primers and probe were validated using Primer BLAST of NCBI and checked for potential cross-amplifications in syntopic taxa [14].




2.2. Experiment Design and Sample Collection


The 70 L aquarium, equipped with the same filtration and aeration device, was utilized. Following a 24-h disinfection period using potassium permanganate solution, the aquarium was filled with filtered tap water and aerated for over 3 days. The quality parameters of water were monitored to maintain a temperature of 20 ± 1 °C, a pH of 7.69–8.01, a dissolved oxygen concentration of >7.5 mg/L, and a concentration of ammonia nitrogen of <0.2 mg/L. The light cycle followed a pattern of 12 h of light followed by 12 h of darkness (12L:12D). The F2 A. sinensis (approximately 0.6 years old) were artificially bred in October 2022. Five juvenile A. sinensis density treatments (1, 2, 4, 6, and 8 individuals in each tank) were set up. A total of 63 juvenile A. sinensis were randomly divided over 15 aquaria, and each treatment consisted of three replicates. Healthy juvenile A. sinensis with similar specifications were selected. The average full length of A. sinensis was (25.26 ± 0.78) cm; the average body length was (23.81 ± 0.39) cm; and the average body weight was (48.20 ± 0.83) g. Moreover, the aquaculture water was constantly recycled and filtered to maintain freshness. At 8:00, 11:00, 14:00, and 17:00, the total feeding amount was 10% of the fish’s body weight.



Experiment 1: In each of the five densities (0.014, 0.029, 0.057, 0.086, and 0.114 ind./L) of juvenile A. sinensis, 250 mL samples of water were collected from each tank at a depth of 10 cm below the water surface at the following time points: 0 h, 12 h, 1 d, 2 d, 3 d, 4 d, 5 d, and 7 d. Additionally, a negative control sample was taken from the blank aquarium.



Experiment 2: After collecting the water samples in experiment 1, all juvenile A. sinensis were removed to ensure a specific eDNA content in the water, thus preventing further release of eDNA by A. sinensis and minimizing the impact on the experimental results. Afterward, 250 mL samples of water were gathered at 0 h, 6 h, 12 h, 1 d, 2 d, and 3 d intervals only from three tanks with eight juveniles (0.114 ind./L). The negative control followed the same protocol as in experiment 1.



The water was filtered using mixed cellulose membranes with a pore size of 0.45 μm through a glass sand core vacuum device. After filtration, each filter membrane was individually packed into a 2 mL centrifuge tube and stored in a refrigerator at −80 °C until eDNA extraction. A filter cup was rinsed with ultrapure water three times before filtration. Cross-contamination and external contamination were avoided. The entire experimental operation was carried out in a sterilization environment on an ultra-clean table, with the researchers wearing protective clothing and sterile gloves and masks.




2.3. eDNA Extraction and PCR Amplification


The membrane samples, as described in Section 2.2, were cut into pieces using sterile tweezers and placed in a 2 mL centrifuge tube. A DNeasy Blood & Tissue Kit from Tiangen was used for eDNA extraction, according to the manufacturer’s instructions. After the extraction was accomplished, the eDNA concentration and purity (OD) were immediately detected via an ultraviolet spectrophotometer and stored at −20 °C.



The 25 μL PCR amplification system comprised 19.5 μL of ddH2O, 0.5 μL of forward and reverse primers, 2.5 μL of 10× buffer, 1.0 μL of mixed-template eDNA, 0.5 μL of dNTPs, 0.5 μL of Taq DNA polymerase. The PCR amplification profile included pre-denaturation at 95 °C for 5 min; denaturation at 95 °C for 30 s; annealing at 55 °C for 30 s; extension at 72 °C for 30 s (for a total of 35 cycles); maintaining elongation at 72 °C for 7 min; and storage at 4 °C. The PCR products were purified through 1.5% agarose gel electrophoresis, and then, the single and bright products of the electrophoresis bands were recovered using an AxyPrep-DNA gel Recovery kit.




2.4. Preparation of the Recombinant Plasmid Standard


The purified PCR product was ligated with pMD18-T plasmid vector. A volume of 1 μL of pMD18-T vector (50 ng/μL), 1 μL of Insert DNA, 3 μL of ddH2O, and 5 μL of Solution I were added into a tube and reacted at 4 °C for 1 day. A volume of 50 μL of DH5α receptive cell solution was added to 10 μL of the ligation product, and the mixture was then placed on ice for 0.5 h. Afterward, the mixture was heated in a 42 °C water bath for 90 s, and subsequently cooled on ice for 180 s. A volume of 700 μL of sterile 2YT medium was added and incubated at 37 °C for 45 min at 150 r/min in a shaker. Then, 100 μL of the bacterial solution was applied to 2YT solid medium (containing Amp) and inverted for 12–16 h at 37 °C. The bacterial solution of ligated Escherichia coli colonies was successfully selected for plasmid extraction, according to the instructions of E.Z.N.A® Plasmid DNA Mini Kit I, which was performed in an aseptic manipulation environment.



After extracting the plasmid DNA, we measured the concentration and purity using a NanoDrop 2000 spectrophotometer and calculated the number of plasmid copies. Then, 1010–103 copies/μL of 8 gradient templates were successively diluted three times with ddH20, and the standard curve was constructed.




2.5. Amplification of Fluorescent Quantitative PCR


All eDNA solution samples, as described in Section 2.3, were tested by Shanghai Personal Biotechnology (Shanghai, China) Co., Ltd. The quantitative PCR (qPCR) reaction system consisted of 20 μL and was prepared as follows: 10 μL of 2× Probe real-time PCR premixture, 1.0 μL of DNA template, 0.2 μL of probe, 0.4 μL of forward primer, 0.4 μL of reverse primer, 8 μL of ddH2O. QuantstudioTM6 Flex PCR instrument was applied for qPCR amplification, the amplification profile includes pre-denaturation at 95 °C for 30 min, followed by 50 cycles of denaturation at 95 °C for 15 s and annealing at 60 °C for 30 s. Each eDNA sample, as described in Section 2.3, was repeated three times, with three positive and negative controls performed in each 96-well plate. The plasmid standard DNA described in Section 2.4 was diluted from 1010 copies/μL to 103 copies/μL in a ten-fold concentration gradient for field use, which generated the standard curve. The experimental eDNA copies were analyzed using an absolute quantitative method and expressed as the average value and standard deviation.




2.6. Data Analysis


The mean and standard deviation of eDNA copies for each set of three samples were calculated using Excel 2023 software. Linear regression was used to analyze the relationship between eDNA contents and juvenile A. sinensis density using data from samples taken in experiment 1. Appropriate degradation models were screened using the Akaike information criterion (AIC) and the Bayesian information criterion (BIC), using data from samples taken in experiment 2. The regression equation and the coefficient of determination (R2) were obtained by selecting the 95% confidence interval.





3. Results


3.1. Specificity Verification of Primers and Probe


The amplification curve described the dynamic progression of PCR, with the number of cycles plotted on the abscissa and the signal intensity of real-time fluorescence during the reaction plotted on the ordinate. The amplification curve can be divided into four periods: baseline period, exponential period, linear period, and plateau period.



After the amplification of fluorescence quantitative PCR utilizing the specific primers DF/DR and the probe of A. sinensis on all mixed experimental samples, four periods on the amplification curve were observed in the DNA extracted from all mixed experimental samples, indicating positive amplification. The fluorescence amplification curve only showed a baseline period in the blank control sample, indicating negative amplification (Figure 1). The results demonstrated the specificity of the primers and probe.




3.2. Establishment of Standard Curve and Regression Equation


The qPCR standard curve of the mtDNA D-loop gene of A. sinensis was generated by performing fluorescence quantitative PCR amplification, which involved systematic changes in CT values (Figure 2). The resulting correlation coefficient (R2) of the curve was 0.9996, and the slope (K) of the curve was −3.4500, yielding the regression equation of y = −3.4500x + 40.3674. The results showed a strong linear relationship within the range of diluted standard DNA concentrations, indicating that this standard curve could reliably reflect the amplification effect of the mtDNA D-loop gene of A. sinensis.




3.3. Changing Trend of eDNA Content of A. sinensis


The quantitative detection was performed using specific primers for A. sinensis, and the eDNA content trends at different time points and densities were compared based on the mean number of copies. The eDNA content of A. sinensis changed significantly under laboratory conditions. The overall trend in the eDNA content of A. sinensis showed an initial increase over time, reaching a peak after 2 days and stabilizing after 3 days. Additionally, the overall trend in the eDNA content of A. sinensis increased with increasing density (Figure 3).




3.4. Correlation between eDNA Content and Density of A. sinensis


By fitting the linear correlation between the eDNA content at different time points (0 h~7 d) and the five densities as a whole, a poor fitting effect and low correlation (R2 = 0.307) were discovered (Figure 4). A better fit (R2 = 0.894) was observed when integrally establishing the linear correlation between the stable eDNA content of 3 days to 7 days and the five densities (Figure 5). By separately fitting linear correlations between the eDNA content at the same time points (6 h~7 d) and different densities, the discovery of all better fitting effects was performed with the coefficient of determination approaching 1 (R2 = 0.768~0.986) (Table 1). These findings suggest a significant linear relationship between the density and the eDNA content of A. sinensis. As the density of A. sinensis increased, a higher number of eDNA copies were detected.




3.5. Degradation Results of eDNA of A. sinensis


After removing A. sinensis from the fish tank, this study investigated the degradation process of eDNA at a density of 0.114 ind./L. The findings revealed a negative correlation between the degradation of eDNA and time, with the most rapid degradation occurring within 0.25 days (K = −1862.31). The eDNA content measured on day zero was 19,851.67 copies/μL. Then, the eDNA content measured on the third day degraded to 82.81 copies/μL. The applicability of fitting the relationship between eDNA content and time was compared among linear function, monadic quadratic function, and power function based on AIC and BIC values. The results showed that the power function had the smallest AIC and BIC values (Table 2 and Figure 6). Therefore, the power function was selected to explain the degradation relationship between eDNA content and time. The formula for this is y = 4206.5738x−0.6074 (R2 = 0.706).





4. Discussion


4.1. Changes in eDNA Content


The eDNA content of A. sinensis with similar specifications exhibited an overall increasing trend under laboratory breeding conditions. This finding is consistent with the results reported by Karlsson et al. [24] and Sint et al. [25]. The eDNA content of A. sinensis detected at different densities increased within 0 h to 1 day, fluctuated between 1 and 3 days, and gradually stabilized after 3 days. Minamoto et al. observed a similar trend in the eDNA concentration of jellyfish (Chrysaora pacifica) during tank experiments, which tended to stabilize within 48 h [26]. However, Takahara et al. adopted environmental DNA to detect the eDNA concentration of Cyprinus carpio L. in an aquarium and discovered that the change in eDNA concentration was slow after 3 days and reached equilibrium after 6 days [20]. Thus, eDNA may be continuously released and degraded in water until the content or concentration reaches a plateau within three days, indicating an eventual balance between shedding and degradation processes. Although the initial content of eDNA at 0 h was very low across all five densities, it was not zero, which was due to the potential shedding from juvenile A. sinensis introduced into the tank environment. The fluorescent quantitative PCR method is appropriate for the detection of copy values at low concentrations, with a higher sensitivity in quantifying eDNA levels [26,27].




4.2. Correlation between eDNA Content and Density


The experiment explored the correlation between eDNA content and density using the qPCR method. A strong positive linear relationship was found between eDNA content and the density of juvenile A. sinensis, confirming that eDNA can be used as a reliable indicator for assessing species density or biomass. Recently, the use of eDNA technology to monitor rare and endangered species, economic species, and invasive species has become increasingly popular among scholars. Xin et al. discovered a significant positive correlation (R2 = 0.72~0.93) between the biomass of Acanthopagrus latus and eDNA concentrations at different time points [17]. Benoit et al. reported a positive linear correlation between the biomass of juvenile Pacific salmon and the eDNA concentrations detected at each sampling time point, except for 48 h [28]. The eDNA content of crayfish increased continually with an increase in density and time in aquaculture water, showing a positive linear correlation [25]. Takahara et al. investigated the variations in the eDNA concentration of carp in both aquarium and pond settings, revealing a significant positive correlation between the eDNA concentration and the biomass of carp [20]. A strong positive association was observed between the total biomass of Octopus vulgaris and the detected eDNA content in an aquarium [29]. The findings of this study are consistent with these conclusions. Generally, a linear correlation exists between eDNA content and fish density or biomass in still-water systems, such as fish tanks, pools, and ponds [30,31]. However, environmental factors, such as temperature, pH, and impurities, will lead to an uncertain and complicated relationship when dealing with large flowing bodies of water [32,33,34,35]. Pilliod et al. compared field investigations with environmental DNA analysis for populations of Rocky Mountain tailed frogs and Idaho giant salamanders, and they found that river density and biomass were positively correlated with the average eDNA concentration at low densities but not significantly related at high densities [36]. Pont et al. compared the results of a marine trawl survey with eDNA sampling data from New Jersey waters (USA), and discovered that the eDNA results highly coincided with the estimation of species richness and the relative abundance of marine fish species obtained through trawling [18]. Additionally, they observed a strong correlation between the number of eDNA species reads and the allometric growth index of species biomass [18]. By quantifying the population of Salvelinus fontinalis using eDNA from water samples collected from 40 streams, Baldigo et al. accurately predicted the existence and abundance of brook trout populations [37]. Environmental DNA and echo sounder techniques were adopted to survey the biomass of Trachurus japonicus in Maizuru Bay within the Sea of Japan. Yamamoto observed a significant positive linear correlation between the estimated eDNA concentration levels and echo intensity readings, which reflected fish biomass up to a range of 150 m [38]. These studies demonstrated that eDNA techniques can assess biomass in field conditions. Thus, juvenile A. sinensis with similar specifications and age were selected to conduct a preliminary exploration of the correlation between eDNA content and density. It is worth noting that the results obtained in controlled environments may not necessarily apply to natural ecosystems. The influence of biological and abiotic factors on eDNA content remains poorly understood in A. sinensis, which inhabits the complex bottom of rivers and seas, necessitating further verification.




4.3. Degradation of eDNA in Water


The shedding rates and degradation rates of organisms are related to the content of eDNA, which is affected by various biological and abiotic factors [34,39]. Once released into the water, large fragments of eDNA gradually decompose into small fragments over time until complete degradation occurs [40,41,42]. The degradation of eDNA is negatively correlated with time. Generally, when the release source is removed, shed eDNA can remain in the water body for 7~30 days. However, the size, amount, and persistence of shed eDNA fragments in the water varied among species [43,44]. The eDNA content of Cyprinus carpio was less than 5% after 96 days in a laboratory freshwater aquarium [45]. Goldberg et al. observed detectable levels of New Zealand Potamopyrgus antipodarum eDNA in aquariums, even after 21 days [46]. Due to the uncertainties and complexities in eDNA studies, the quantitative assessments of biomass are different among scholars. For instance, Barnes et al. and Goldberg et al. built an eDNA exponential decay model [45,46], while Cerco et al. employed a regression model to quantify the change in eDNA concentration [47]. This experiment only studied the degradation of eDNA in juvenile A. sinensis within 3 days, and found that the power function model based on AIC and BIC clarifies the relationship between degradation and time. Environmental factors such as temperature and pH had more influence on both the shedding and degradation processes related to eDNA [17,31,48]. In this study, stable water temperature, pH, and light conditions were maintained to minimize the potential impact of drastic changes on the degradation of eDNA content. Procypris rabaudi, an endangered fish species, exhibited a degradation time as long as 17 days [49]. Consequently, a detection method was established for assessing the biomass of Procypris rabaudi based on environmental DNA [49]. The persistence of eDNA fragments in water can provide valuable information regarding the presence or absence of species. Therefore, the degradation of eDNA is vital for studying rare and endangered species [50]. Environmental DNA technology represents an effective new approach for monitoring species, and plays a crucial part in the conservation of rare species when combined with traditional survey methods.




4.4. Biomass Assessment of eDNA


In recent years, more and more biomass assessments based on eDNA have been conducted. However, variations in species types, individual differences, and life history changes result in the differential release of eDNA, making accurate quantitative analysis challenging. Therefore, biomass assessment can be categorized into two types: laboratory-based and field-based assessments. Due to the extensive field water environment, laboratory simulations of ecological experiments are necessary to elucidate the correlation between the density of aquatic organisms and their environmental DNA [48], which will provide references for biomass assessment and establish a foundation for field biomass evaluation. This study preliminarily explicated the positive linear correlation between the eDNA content of juvenile A. sinensis and density under laboratory conditions. Additionally, this study observed a power function degradation process, indicating that eDNA technology is feasible for evaluating species biomass in the laboratory. Previous studies have also proven the feasibility of biomass assessment in wild environments [36,37,38]. However, due to water flow activities and environmental factors, these assessments may be affected [51]. As a result, it is necessary to combine environmental DNA technology with traditional investigation methods to provide a scientific basis and technical support for comprehensive biomass assessment.





5. Conclusions


Under controlled environmental conditions, this study preliminarily demonstrated a strong linear positive correlation between eDNA content and the density of juvenile A. sinensis. Furthermore, the study revealed that the removal time of A. sinensis was negatively correlated with its corresponding eDNA content over a period of 3 days following a power function model, suggesting gradual degradation. The findings highlighted the correlation between density and eDNA content, which can provide a reference for assessing the density of juvenile A. sinensis and demonstrate the applicability of environmental DNA in species monitoring of A. sinensis. This study established a theoretical basis for evaluating population resources of juvenile A. sinensis, and enhanced the understanding of population dynamics in migratory fish in rivers and seas.
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Figure 1. The amplification curve of A. sinensis specific primers. (a) Positive amplification. (b) Negative amplification. The red line represents the threshold line, while the green line depicts the amplification curve of the mixed sample. The CT value is determined via the intersection of these two lines. 
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Figure 2. The standard qPCR curve of the mtDNA D-loop gene of A. sinensis. 
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Figure 3. Variation trend of eDNA yield of A. sinensis cultured in lab tanks. 






Figure 3. Variation trend of eDNA yield of A. sinensis cultured in lab tanks.



[image: Biology 13 00019 g003]







[image: Biology 13 00019 g004] 





Figure 4. Correlation between the density of A. sinensis and the eDNA content from 0 h to 7 days. 
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Figure 5. Correlation between the density of A. sinensis and the eDNA content from 3 days to 7 days. 
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Figure 6. The degradation relationship between eDNA content and time based on three models. 






Figure 6. The degradation relationship between eDNA content and time based on three models.



[image: Biology 13 00019 g006]







 





Table 1. Linear fitting of the density of A. sinensis and the eDNA content from 6 h to 7 days.
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	Time
	Linear Fitting
	R2 (p < 0.05) 1





	6 h
	y = 4955.51x + 529.96
	0.983



	12 h
	y = 5511.27x + 508.16
	0.936



	1 d
	y = 7953.28x + 1550.44
	0.768



	2 d
	y = 9626.96x + 704.68
	0.867



	3 d
	y = 4966.78x + 2583.90
	0.986



	4 d
	y = 2455.37x + 3372.55
	0.834



	5 d
	y = 3774.58x + 3566.41
	0.979



	7 d
	y = 5354.20x + 3335.19
	0.971







1 There were significant differences.













 





Table 2. The choice of model based on AIC and BIC values.
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	Items
	Linear Function
	Monadic Quadratic Function
	Power Function





	AIC
	127.8203
	137.0612
	108.2885



	BIC
	119.6581
	116.8449
	95.6638
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