

  fishes-08-00464




fishes-08-00464







Fishes 2023, 8(9), 464; doi:10.3390/fishes8090464




Article



Catch Efficiency of Multi-Mesh Trammel Nets for Sampling Freshwater Fishes



Zhaohai Cheng 1,2,†, Lei Gao 1,†, Lixiong Yu 1, Xinbin Duan 1, Fengyue Zhu 1, Huiwu Tian 1, Daqing Chen 1 and Mingdian Liu 1,*





1



National Agricultural Science Observing and Experimental Station of Chongqing, Fishery Resources and Environmental Science Experimental Station of the Upper-Middle Reaches of Yangtze River, Ministry of Agriculture and Rural Affairs, Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Science, Wuhan 430223, China






2



School of Environmental Science and Engineering, Hubei Polytechnic University, Huangshi 435003, China









*



Correspondence: liumd@yfi.ac.cn






†



These authors contributed equally to this work.









Citation: Cheng, Z.; Gao, L.; Yu, L.; Duan, X.; Zhu, F.; Tian, H.; Chen, D.; Liu, M. Catch Efficiency of Multi-Mesh Trammel Nets for Sampling Freshwater Fishes. Fishes 2023, 8, 464. https://doi.org/10.3390/fishes8090464



Academic Editors: Xiaobo Lou, Daisuke Kitazawa, Junbo Zhang and Chenxing Yang



Received: 22 August 2023 / Revised: 13 September 2023 / Accepted: 14 September 2023 / Published: 16 September 2023



Abstract

:

A multi-mesh trammel net has been developed and used for sampling freshwater fishes. However, little is known about the catch efficiency of the net. This research investigated the catch efficiency of a multi-mesh trammel net (nominal mesh size; 10.0, 30.0, 50.0, and 70.0 mm) for fish sampling in the Yangtze River of China. Catch composition and factors affecting catch per unit effort based on fish number (CPUEN), weight (CPUEW), and species number (CPUES) were analyzed. The results showed that the net was capable of capturing a wide range of fish sizes (total length, 5.5 to 121.0 cm) and species (n = 50). Increasing soak time from 9.4 to 24.0 h resulted in a decrease in CPUEN and CPUEW while a longer soak time increased CPUES. CPUEN, CPUEW, and CPUES varied significantly with fishing locations. The net provides a potential complement to the current fish sampling techniques used in freshwater ecosystems (e.g., large rivers, lakes, and reservoirs). The findings of this research help to improve our understanding of the catch efficiency of the multi-mesh trammel net and provides insight into better designs for gears and methods for sampling diverse fish sizes and species.
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Key Contribution: 1. Catch efficiency of multi-mesh trammel nets for sampling freshwater fishes were analyzed. 2. Catch per unit effort based on fish number (CPUEN), weight (CPUEW), and species number (CPUES) of the net did not vary significantly with soak time (9.4–24.0 h) while they changed significantly with fishing locations.










1. Introduction


The Yangtze River, with a length of over 6300 km, is the longest river in Asia and the third-longest in the world. Capture fisheries in the river were important sources of subsistence and commercial income for many people living along the river [1]. The fisheries in the 1950s provided more than 50% of inland fish production in China [2].



However, the Yangtze River fisheries have suffered a severe decline in recent years, primarily due to a combination of factors such as overfishing, habitat destruction, pollution, and the construction of dams [1]. This has resulted in a near-collapse of the fisheries in the Yangtze River Basin, which affected the livelihoods of people depending on the fisheries. And it has led to adverse impacts on the biodiversity conservation of the Yangtze River [3].



China has implemented several measures to address the issues and conserve biodiversity in the Yangtze River [4]. Fish sampling or monitoring projects are important for managing the sustainability of fish resources. Fish sampling or monitoring involves collecting data on fish populations, including fish size, age, distribution, and diversity. Data collected from such activities provide valuable information on the condition and dynamics of fish populations and their habitats. And information obtained via sampling or monitoring can be used to assess the effectiveness of management measures or policies and help policymakers to determine if the measures should be adjusted over time [5].



Many fish sampling or monitoring methods have been used in freshwater environments [6,7,8]. These methods include netting, electrofishing, acoustic survey, and environmental DNA [8,9]. Each method has its own advantages and disadvantages, and no method fits all fish sizes and species [10]. Choosing proper sampling methods suitable for specific waters is therefore essential for obtaining reliable and accurate data on fish populations and their habitats.



Among these methods, trammel or gillnets nets are commonly used in freshwater fish sampling due to their ease of operation and cost-effectiveness [11,12]. Trammel nets and gillnets have similar designs and fishing mechanisms [13]. Both types of nets consist of netting panels suspended vertically in the water column, with fish becoming wedged, gilled, or tangled as they encounter the net. However, there are also differences between the nets, such as the number of netting layers and the mesh size. These differences can affect the selectivity and efficiency of each net for different fish species and sizes [14,15]. Traditional gillnets are generally composed of one netting layer and contain only one mesh size. The design makes gillnets catch a narrow range of fish sizes and species. However, in large water bodies such as the Yangtze River, a wide range of fish species and sizes exist, making single-mesh gillnets an inadequate sampling method. The trammel net can be an alternative sampling method to traditional gillnets. The net is made of one inner and two outer netting layers, with the inner layer having a smaller mesh size than the outer ones. The inner layer is designed to trap or entangle fish while the two outer layers serve as a pocket preventing fish from escaping [13]. This design contributes to catching a wide range of fish sizes and species and obtaining a representative sample of fish populations.



The catch efficiency of trammel nets is influenced by many factors, including mesh size, net length, soak time, and set location [16,17]. Losanes et al. [18] found that the catch efficiency of trammel nets varied with soak time; however, another study showed that the catch efficiency was not significantly affected by soak time [19]. Mesh size affects the size of fish captured; small mesh sizes tend to catch smaller fish while larger mesh sizes are more effective for capturing larger fish [20]. Net length is also a critical factor that influences catch efficiency, with longer nets generally resulting in higher catch rates [19]. To obtain reliable and accurate information on fish populations, it is important to consider these factors when using trammel nets for fish sampling.



Joining trammel nets with multiple mesh sizes can be an effective method of sampling various fish sizes and species [21]. A multi-mesh trammel net has been developed for sampling freshwater fishes in the Yangtze River of China [22]. The net is composed of five trammel net panels with different mesh sizes of an inner netting layer. The multi-mesh trammel net has been used for freshwater fish sampling and monitoring in China, especially in the Yangtze River [22]. However, little is known about the catch performance of the net. Evaluating the catch efficiency of the sampling net is therefore necessary for understanding information on fish populations.



The objective of this research was to investigate the catch efficiency of the multi-mesh trammel net for fish sampling and to evaluate factors affecting the catch efficiency. The net was tested at different locations along the Yangtze River of China. Catch efficiency was quantified as catch per unit effort (CPUE); catch composition and distribution were analyzed. It was hoped that the findings of this research would improve our understanding of the catch efficiency of the multi-mesh trammel net as a sampling gear and provide insight into better designs for gears and methods for freshwater fish sampling.




2. Materials and Methods


2.1. Fishing Trials and Gear Specification


Fishing trials were conducted in the middle section of the Yangtze River. The fishing locations covered eight typical sampling sites along the river (Figure 1). Each sampling site covered an area 10 km upstream and downstream. The research was carried out onboard a fishing boat Zhongke Yu 512 (overall length l4 m) from 14 May to 28 November 2022. The fishing operation was conducted by professional fishers following fish sampling and monitoring procedures [22].



Multi-mesh trammel nets with the same design were used for all the fishing trials (Figure 2). Each multi-mesh trammel net was 200.0 m long (float line) and 1.8 m high (skirt line), and was composed of four trammel net panels with different inner mesh sizes. Each panel was 50 m long and 1.8 m high. The four panels were sewn together in sequential order of mesh size (bar length): 10.0, 30.0, 50.0, and 70.0 mm. The inner mesh was made of monofilament nylon with diameters ranging from 0.011 to 0.025 mm. The inner nettings were covered with two layers of outer netting panels with the same design. The nominal mesh size of the outer netting was 500.0 mm; the diameter of the mesh twine (monofilament nylon) was 0.30 mm. To facilitate net deployment, relocation, and retrieving operation, a hauling line with a marker buoy was attached to the float line of the net.



At each fishing location, the nets were set on the bottom (depth > 2 m) with an anchor at either end. The end with small mesh was set near the shore while the big-mesh end was set in relatively deep water. Each net was deployed perpendicular to the river shore. The nets were set in the afternoon and retrieved the next morning. The soak time varied between 9.4 and 24.0 h depending on the weather conditions. For each haul, we recorded the date, soak time, and location coordinates. The nets were visually inspected prior to deploying to ensure that the netting was not twisted or entangled. The netting with severe damage was replaced, and the catch from that haul was not recorded.




2.2. Catch Sampling


Catch sampling and data recording were conducted onboard the boat. For each fishing trial, the catch from the multi-mesh trammel nets were identified and sorted by species. The number of the catch species was recorded. The individual number of each species was counted. All the individuals were weighed to the nearest 0.1 g, and the total length of each individual was measured to the nearest 0.1 cm. When the catch number of a species was large, a random subsample of 30 individuals of the species was applied. Shellfish species (e.g., freshwater turtles) were counted and weighed while the data were not included for further analysis.




2.3. Data Analysis


The effects of soak time, fishing locations, and dates on the catch efficiency of the multi-mesh trammel net were analyzed. Catch efficiency based on the catch per unit effort (CPUE) of the multi-mesh trammel net was estimated. CPUE was expressed as the number of fish individuals (CPUEN), number of fish species (CPUES), and total weight (CPUEW) of fish caught by the net. All data analyses were performed using R software (version 4.2.3) [23]; therefore, all references to “packages” in this context pertain to data packages that are incorporated within R. The dependent variables were continuous, and the independent variables were of mixed data types, including continuous and categorical variables. Generalized Linear Mixed Models (GLMM) were used. GLMMs can manage data that are unbalanced, incorporating random and fixed predictors [24]. In the following analyses, the predictor variables were soak time (Soaktime; fixed, continuous), fishing locations (Location; fixed, categorical), and fishing date (Date; random, categorical).



The dependent variables of CPUEN and CPUES (Equations (1) and (2)) were count data (discrete). Therefore, the data were initially fit with a Poisson-distributed model with the glmer function, and dispersion was estimated with the DHARMa package [25]. If equidispersion was determined, then the analysis continued with the Poisson-distributed model. If overdispersion was observed, then the model was fit with a negative binomial model with the glmer function. In this case, the overdispersion parameter of the Poisson model significantly exceeded one; therefore, the negative binomial error structure was used and was found to be a better fit. The lme4 R package version 1.1-17 [26] was used for fitting the models.


CPUENij ~ NB(µij)

E(CPUENij) = µij

Log(µij) = Soaktime + Locationi + Datej

Datei ~ N(0, σ2)



(1)






CPUESij ~ NB(µij)

E(CPUESij) = µij

Log(µij) = Soaktime + Locationi + Datej

Datei ~ N(0, σ2)



(2)




where Date is assumed to be normally distributed with mean 0 and variance σ2.



To analyze the effects of Soaktime, Location, and Date on CPUEW (Equation (3)), a Gaussian error structure was used because the dependent variables were continuous.


CPUEWij ~ NB(µij)

E(CPUEWij) = µij

µij = Soaktime + Locationi + Datej

Datei ~ N(0, σ2)



(3)




where Date is the random variable representing the variability among fishing dates and was assumed to be normally distributed with mean 0 and variance σ2.



To quantify the proportion of variance accounted for by both the fitted and random effects, conditional and marginal pseudo-R2 values were calculated for each mixed effect model [27] using the MuMIn package [28]. In circumstances where the conditional and marginal pseudo-R2 values for a model were equivalent, it was inferred that the incorporation of random effects did not significantly improve the model fit. Consequently, a Generalized Linear Model devoid of the random effect would have been deemed more suitable. The assessment of normality was visually performed using quantile–quantile plots. The process of model validation did not reveal any issues. To identify specific disparities within significant independent variables, post hoc testing utilizing the Tukey method was employed.





3. Results


3.1. Catch Composition and Distribution


A total of eighty-six deployments were conducted in spring (May), summer (June–August), and winter (October–December) of 2022. The soak time ranged from 9.4 to 24.0 h. A total of 8369 individuals consisting of 51 fish (n = 50) and shellfish (n = 1) species were caught. The total weight of the catch was around 1930.57 kg (Table 1). Eight of the 51 species were caught with only one individual. Two freshwater turtles (Pelodiscus sinensis) weighing 0.51 kg were caught during the study, but the data were not included for regression analysis (Table 2).



Figure 3 shows the length and weight distribution of all the fish caught. The total length of the fish caught ranged from 5.5 to 121.0 cm. Ninety percent of all the fish were below 35.5 cm. The individual weight varied between 2.1 and 13,000.0 g, and individuals less than 403.6 g accounted for more than 90% by number.




3.2. Dominant Species


The most abundant species by number was Shortjaw tapertail anchovy (Coilia brachygnathus), accounting for 14.4% of the total catch while its total weight only accounted for 2.1% of the total catch (Table 2). The total length of Shortjaw tapertail ranged from 7.0 to 41.1 cm, and its weight ranged from 2.1 to 177.6 g. By weight, Bighead carp (Aristichthys nobilis) was the most abundant species, accounting for 29.3% by weight and 1.2% by number of the total catch. The total length of Bighead carp ranged from 33.4 to 98.0 cm, and the weight ranged from 400.6 to 12,100.0 g (Figure 4).




3.3. Catch Per Unit Effort of the Multi-Mesh Trammel Net


3.3.1. CPUEN


A negative-binomial mixed model was fitted to estimate the effects of soak time and fishing locations on catch per unit effort (CPUEN) of the multi-mesh trammel net (Table 3). The model included fishing dates (Date) as a random effect. The model’s total explanatory power was substantial (conditional pseudo-R2 = 0.87), and the part related to the fixed effects alone (marginal pseudo-R2) was of 0.40. The effect of soak time (Soaktime) was statistically non-significant and negative (β1 = −0.034, 95% CI = [−0.08, 0.009], p = 0.123); for a one-hour increase in soak time, the number of fish caught decreased by 3.3%. CPUEN varied significantly with fishing locations (χ2 = 82.7, df = 7, p < 0.001). Tukey post hoc analysis reveals the difference in CPUEN among fishing locations in Figure 5.




3.3.2. CPUES


The effects of soak time, fishing locations, and fishing date (random effect) on catch per unit effort based on number of catch species (CPUES) of the net that were estimated (Table 3). The model’s explanatory power related to the fixed effects alone (marginal pseudo-R2) was 0.49. Adding random effect to the model did not improve the model fitting (p = 0.980). The number of fish species caught increased by 0.26% for a one-hour increase in soak time while the increase was not statistically significant (β1 = 0.003, 95% CI = [−0.02, 0.02], p = 0.803). CPUES varied significantly with fishing locations (χ2 = 67.8, df = 7, p < 0.001). The difference is presented in Figure 5.




3.3.3. CPUEW


A linear mixed model was fitted to estimate the effects of soak time, fishing location, and fishing date on catch per unit effort by weight (CPUEW) of the net (Table 3). The difference between the marginal pseudo-R2 (0.63) and the conditional pseudo-R2 (0.83) suggested that random effect (Date) improved the model fitting. For each one-hour increase in soak time, total catch weight (kg) decreased by 0.91% while the effect was not significant (β1 = −0.009, 95% CI = [−0.04, 0.02], p = 0.492). Fishing location was a significant factor affecting CPUEW (χ2 = 150.7, df = 7, p < 0.001); the variation in CPUEW with fishing locations is presented in Table 3 and Figure 5.




3.3.4. CPUEN for Shortjaw Tapertail Anchovy


In terms of catch number, Shortjaw tapertail anchovy was the most common species. Figure 6 shows CPUEN for this species varying among fishing locations. CPUEN varied significantly with fishing locations (F(5, 54) = 4.83, p < 0.05). A post hoc Tukey test showed that CPUEN at Locations 2, 4, and 8 was significantly lower than at Locations 1, 6, and 7. No significant differences were observed in CPUEN among Locations 1, 6, and 7, as well as among Locations 2, 4, and 8 (Figure 6).






4. Discussion


This is the first comprehensive study to evaluate the catch efficiency of a multi-mesh trammel net for sampling freshwater fish in the Yangtze River of China. The results demonstrated that soak time (9.4–24.0 h) was not a significant factor affecting the CPUE of the net while the CPUE varied significantly with fishing locations. Fish captured by the net included 50 species ranging from 5.5 to 121.0 cm and weighed between 2.1 and 13,000.0 g. This research found that the net was effective for capturing a wide range of fish species and sizes, especially small individuals. The findings of this research contribute to our knowledge of the catch efficiency of the net as a sampling gear, and can be useful for researchers and practitioners interested in improving the efficiency and accuracy of fish sampling.



Catch distribution revealed that the net was effective for catching small fish; 90% of the catch were below 35.5 cm and weighed less than 403.6 g. This scenario could be analyzed from two perspectives. The number of small fish may be more than that of big ones in the Yangtze River; it was of higher likelihood for the small individuals to encounter the net. Another possible explanation is related to fish behavior [29]. Due to a combination of factors including the strength of netting materials and the strength of fish to break free from the nets [30,31], it was more difficult for small fish than large ones to escape from the net once they were caught.



The most abundant catch by number was Shortjaw tapertail anchovy. Based on the morphological characteristics of Shortjaw tapertail anchovy, it is assumed that its swimming capability and strength to break free from the net are weak [32,33,34]. In the middle and lower Yangtze River Basin, Shortjaw tapertail anchovy was one of the dominant species [35]. High abundance and morphological characteristics made it a species relatively easy to be captured and retained by the net.



By weight, bighead carp was the most abundant catch. The size of this species caught was relatively large; each individual was larger than 33.0 cm (body length) and weighed more than 400.0 g. Our results are consistent with previous research which found that trammel nets were effective at capturing adult bighead carp [36]. This indicates that the multi-mesh trammel net was also capable of catching large fish if available. A low rate of encounter with the net or low abundance of small fish of this species could lead to few small individuals being captured [37,38].



Many studies have investigated the effects of soak time on the catch efficiency of trammel nets or gillnets, whereas the results differ. Savina et al. [39] found that the catch efficiency of gillnets increased significantly with increasing soak time while another study reported that the catch efficiency decreased significantly with increasing soak time [17]. Losanes et al. [18] also found that the catch efficiency of trammel nets changed significantly with soak time. However, another research conducted by Acosta [19] suggested that the catch efficiency of gillnets did not change significantly with soak time. The findings are consistent with our results. The relationship between catch efficiency and soak time could be complex. Several possible factors account for the reason. A longer soak time could increase the possibility of fish encountering the net while it could also increase the likelihood of fish escaping. Captured small fish in the net may attract predators to accumulate in the net, which may affect the catch efficiency, decreasing the catch number or diversity [40]. These factors may interact with each other, making the effects of soak time on catch efficiency complex.



In this study, the fishing location was found to be a significant factor affecting catch efficiency. Research conducted in southern European waters yielded similar results, indicating that the catch efficiency of trammel nets varied with fishing locations [41]. Another study also demonstrated that the catchability of a gillnet changed considerably with fishing sites [42]. However, the fishing location is a factor consisting of uncontrollable variables. Biological factors such as fish abundance, mobility, distribution, and diversity varying across locations may lead to differences in catch efficiency. Environmental factors such as water current, clarity, temperature, etc. may interact with fish behavior and influence catch efficiency. The variables made the location factor difficult to predict even when using the same net and sampling protocols.



As demonstrated by previous studies, the net configuration was one of the factors influencing the catch efficiency of trammel nets or gillnets. The net dimensions, mesh and twine size, and hanging ratio can considerably affect the catch rate and species selectivity [13,43,44]. The color and material of the net can influence its visibility and detectability, thus affecting catch efficiency [15,45,46]. Additionally, the slackness of trammel nets affects catch efficiency [47,48,49]. The shape of the net in water can be affected by slackness; too much slackness can lead to net tangling, influencing its contact with fish and thus its catch efficiency. The effect of slackness may also be species- and size-specific, as certain species or sizes may be more prone to be retained in slack nets than others [Koike]. In this study, the factors discussed above were regarded as control variables; they were held constant throughout the research. Therefore, the catch efficiency of the multi-mesh trammel may change with the alternation of the configuration parameters discussed above.



The multi-mesh trammel net provides a potential alternative for the current methods of fish sampling in freshwater ecosystems (e.g., large rivers, lakes, and reservoirs). Various methods and techniques have been employed by researchers and fisheries managers to collect data on fish populations, behavior, and health [6,7,8,9]. Gillnets and trammel nets are commonly used in freshwater fish sampling. However, traditional gillnets or trammel nets are generally made of single-mesh-size netting (or inner netting layer); the selective nature of the nets cannot be ignored. These nets tend to retain certain fish species and sizes, which can lead to biased estimates of fish species composition and size structure [43]. The use of multi-mesh trammel nets has advantages over the use of single-mesh nets, especially in terms of species and size selectivity. Due to the multi-mesh nature, the multi-mesh nets can retain a broad range of fish sizes and species, which can provide a more comprehensive understanding of fish population. And multi-mesh trammel nets can improve sampling efficiency by capturing different sizes and species simultaneously. This is particularly beneficial for fish sampling where multiple sizes and species are targeted (e.g., in the Yangtze River). Compared to using other techniques, such as acoustic surveys, trawling, electrofishing, and environmental DNA, using multi-mesh trammel nets remains a relatively simple and easy way to sample fish in freshwater ecosystems. Additionally, the multi-mesh trammel net can be adapted to different research objectives and study sites by altering the mesh size combination and net configuration. This versatility also makes it a potential alternative for fish sampling methods in freshwater ecosystems.




5. Conclusions


The application of proper fish sampling methods is significant for the accurate assessment of fish stocks. However, no sampling method suites all fish species and sizes; better understanding of the efficiency of the methods helps improve the accuracy and reliability of data collection [10]. The results of this study contribute to our understanding of the catch efficiency of the multi-mesh trammel net. The net’s ability to capture a wide range of fish species and sizes, coupled with its easy operation and relatively low cost, makes it a supplement to the existing fish sampling techniques in freshwater ecosystems. Further research could investigate the potential of the net for use in different aquatic environments and optimize the net design to fit different catch purposes.
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Figure 1. Map of the fishing locations along the Yangtze River. Red boxes indicate fishing locations 1–8. 
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Figure 2. Schematic diagram of the multi-mesh trammel net. The whole net consisted of four separate trammel nets of different mesh sizes and the four nets were sewn together in a sequential order. (Black ellipses at the top represent the floats while the ones at the bottom represent the lead weight; red lines indicate the inner mesh netting; black slash lines indicate the outer mesh netting; the blue dot line represents the skirt line; MS is the mesh size of inner netting panels; D is the diameter of inner netting twine.) 
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Figure 3. Length and weight distribution of all the fish caught. Dot lines show the cumulative probability curves. 
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Figure 4. Length and weight distribution of the most abundant fish species—Shortjaw tapertail anchovy (Coilia brachygnathus) and Bighead carp (Aristichthys nobilis). 
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Figure 5. CPUEN, CPUES, and CPUEW of the multi-mesh trammel net varying with fishing locations. For CPUEW, the weight of the catch is in kg. Horizontal line within each box represents the median. Lower and upper hinges of the boxes represent the first and third quartiles, respectively. Lower and upper whiskers depict scores outside the interquartile range. Plus signs correspond to the outliers. 
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Figure 6. CPUEN for Shortjaw tapertail anchovy (Coilia brachygnathus) varying with fishing locations. Locations 3 and 5 are not presented in the figure because there was no catch of this species at the locations. Horizontal line within each box represents the median. Lower and upper hinges of the boxes represent the first and third quartiles, respectively. Lower and upper whiskers depict scores outside the interquartile range. Plus signs correspond to the outliers. 
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Table 1. Overview of the net deployments during the fishing trials. Both catch number and catch weight include fish and shellfish species. Location number corresponds to fishing locations marked in Figure 1.
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	Location
	Deployment
	Soak Time (h)

(Min–Max)
	Catch Number
	Catch Weight (kg)





	1
	10
	11.6–12.0
	637
	45.67



	2
	10
	12.0–13.0
	744
	29.50



	3
	7
	15.5–19.3
	471
	158.57



	4
	8
	16.6–19.5
	407
	62.94



	5
	9
	17.5–24.0
	711
	195.98



	6
	17
	10.6–22.1
	2393
	441.64



	7
	17
	9.4–17.6
	470
	211.45



	8
	8
	23.5–24.0
	2536
	784.82










 





Table 2. Summary of fish and shellfish species caught during all the fishing trials.
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	Species
	Total Weight (kg)
	Total Number





	Coilia brachygnathus
	40.70
	1208



	Parabramis spp.
	257.71
	935



	Pelteobagrus vachelli
	80.67
	789



	Hemiculter spp.
	10.09
	696



	Culter spp.
	103.70
	641



	Pelteobagrus nitidus
	9.62
	616



	Xenocypris argentea
	64.59
	615



	Pseudobrama simoni
	5.29
	386



	Megalobrama spp.
	24.93
	345



	Saurogobio spp.
	9.54
	313



	Leiocassis spp.
	97.28
	211



	Squalidus argentatus
	3.52
	200



	Rhodeus spp.
	1.10
	183



	Erythroculter mongolicus
	41.31
	157



	Pelteobagrus fulvidraco
	8.53
	135



	Hypophthalmichthys molitrix
	289.43
	125



	Coilia macrognathos
	9.10
	101



	Aristichthys nobilis
	565.22
	99



	Siniperca kneri
	50.93
	91



	Pseudolaubuca sp.
	1.73
	84



	Carassius auratus
	20.07
	80



	Coreius heterodon
	10.71
	58



	Hemibagrus macropterus
	7.57
	38



	Hemibarbus spp.
	4.89
	32



	Cyprinus carpio
	54.46
	28



	Elopichthys bambusa
	4.53
	25



	Siniperca scherzeri
	6.86
	22



	Pseudobagrus spp.
	0.70
	21



	Rhinogobio spp.
	1.26
	20



	Acipenser spp.
	85.48
	19



	Pelteobagrus eupogon
	1.46
	16



	Silurus meridionalis
	11.01
	14



	Sander lucioperca
	0.35
	11



	Silurus asotus
	7.39
	11



	Ctenopharyngodon idellus
	19.36
	7



	Chanodichthys erythropterus
	0.83
	6



	Spinibarbus sinensis
	4.96
	5



	Squaliobarbus curriculus
	1.88
	5



	Myxocyprinus asiaticus
	4.42
	4



	Parabotia fasciata
	0.12
	4



	Ochetobius elongatus
	0.26
	3



	Pelodiscus sinensis
	0.51
	2



	Sarcocheilichthys sinensis
	0.11
	2



	Channa argus
	0.23
	1



	Cirrhinus molitorella
	0.46
	1



	Cyprinus carpio specularis
	0.53
	1



	Misgurnus anguillicaudatus
	0.0027
	1



	Mylopharyngodon piceus
	4.25
	1



	Neosalanx taihuensis
	0.0022
	1



	Paracanthobrama guichenoti
	0.35
	1



	Plagionatrops microlepris
	0.57
	1










 





Table 3. Summarized regression results for the models presented in Equations (1)–(3). CPUEN represents catch per unit effort by counts. CPUES is catch per unit effort by number of fish species. CPUEW is catch per unit effort by weight.
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Dependent

Variable

	
Marginal Pseudo-R2

	
Conditional Pseudo-R2

	
Random Variable

	
Fixed Variable

	
Estimate

	
Std.

Error

	
z/t Value

	
p-Value






	
CPUEN

	
0.397

	
0.870

	
Date

	
Intercept

	
4.384

	
0.329

	
13.311

	
<0.001




	
Soaktime

	
−0.034

	
0.022

	
−1.544

	
0.123




	
Location2

	
0.237

	
0.192

	
1.238

	
0.216




	
Location3

	
0.258

	
0.252

	
1.022

	
0.307




	
Location4

	
0.081

	
0.255

	
0.317

	
0.751




	
Location5

	
0.639

	
0.293

	
2.182

	
0.029




	
Location6

	
0.903

	
0.121

	
7.498

	
<0.001




	
Location7

	
1.002

	
0.183

	
5.478

	
<0.001




	
Location8

	
0.407

	
0.321

	
1.266

	
0.206




	
CPUES

	
0.489

	
0.489

	
Date

	
Intercept

	
2.470

	
0.154

	
16.005

	
<0.001




	
Soaktime

	
0.003

	
0.011

	
0.250

	
0.803




	
Location2

	
−0.068

	
0.129

	
−0.528

	
0.597




	
Location3

	
−0.185

	
0.158

	
−1.17

	
0.241




	
Location4

	
−0.009

	
0.154

	
−0.057

	
0.954




	
Location5

	
−0.131

	
0.174

	
−0.755

	
0.450




	
Location6

	
0.334

	
0.112

	
2.980

	
0.002




	
Location7

	
0.454

	
0.107

	
4.253

	
<0.001




	
Location8

	
−0.324

	
0.190

	
−1.706

	
0.088




	
CPUEW

	
0.626

	
0.825

	
Date

	
Intercept

	
0.648

	
0.197

	
3.293

	
<0.001




	
Soaktime

	
−0.009

	
0.013

	
−0.687

	
0.492




	
Location2

	
−0.113

	
0.127

	
−0.886

	
0.376




	
Location3

	
0.788

	
0.158

	
4.994

	
<0.001




	
Location4

	
0.486

	
0.160

	
3.038

	
0.002




	
Location5

	
0.796

	
0.185

	
4.294

	
<0.001




	
Location6

	
0.736

	
0.099

	
7.436

	
<0.001




	
Location7

	
1.083

	
0.117

	
9.239

	
<0.001




	
Location8

	
0.934

	
0.202

	
4.622

	
<0.001
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