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Evidence of indiscriminate fishing effects in one of the world’s largest inland fisheries Peng Bun Ngor   1,2, Kevin S. McCann3, Gaël Grenouillet2, Nam So4, Bailey C. McMeans5, Evan Fraser3 & Sovan Lek2 While human impacts like fishing have altered marine food web composition and body size, the status of the world’s important tropical inland fisheries remains largely unknown. Here, we look for signatures of human impacts on the indiscriminately fished Tonle Sap fish community that supports one of the world’s largest freshwater fisheries. By analyzing a 15-year time-series (2000–2015) of fish catches for 116 species obtained from an industrial-scale ‘Dai’ fishery, we find: (i) 78% of the species exhibited decreasing catches through time; (ii) downward trends in catches occurred primarily in medium to large-bodied species that tend to occupy high trophic levels; (iii) a relatively stable or increasing trend in catches of small-sized species, and; (iv) a decrease in the individual fish weights and lengths for several common species. Because total biomass of the catch has remained remarkably resilient over the last 15 years, the increase in catch of smaller species has compensated for declines in larger species. Our finding of sustained production but altered community composition is consistent with predictions from recent indiscriminate theory, and gives a warning signal to fisheries managers and conservationists that the species-rich Tonle Sap is being affected by heavy indiscriminate fishing pressure. Globally, inland waters extend over an area of about 7.8 million km2 and are among the most biologically productive and diverse ecosystems on earth1–3. Inland capture fisheries are important sources of food security, livelihoods, and recreation for tens of millions of people worldwide4,5. Overall, inland fisheries employ approximately 61 million people6 and represent 11.3% of the world total capture fish production7. These fisheries, however, are facing numerous challenges from human activities, namely, population growth, habitat degradation, hydrological changes, pollution, invasive species and climate change1,8–11. Worries over the fate of inland waters12, along with the concern that higher trophic levels of marine food webs are being unsustainably exploited, have grown during the last decade. In particular, fisheries ecologists have recently argued that increased indiscriminate fishing pressure is reducing large-sized, slower-growing species with late maturity, and replacing them with smaller-sized, faster-growing species that mature earlier13–16. This leads to an overall reduction in the body size and, consequently, a reduction in the overall trophic level of the fish assemblage remaining in an ecosystem. Ultimately, these changes are expected to be reflected in catch composition12,17–20. Shifts through time in the slope of the catch-size spectra and decreases in the size of individual fish are also among the key structural and functional ‘signatures’ of indiscriminate fishing on the fish community21. Currently, however, much of the fisheries impact research has focused on marine systems and very little is known about freshwater fisheries in the sub-tropical and tropical environments such as the Mekong River Basin22,23. What limited evidence exists from inland tropical fisheries suggests declining catches, particularly in Asia and Africa where fish protein is of paramount importance in terms of food security. Hence, there are increasing calls in the literature that inland tropical fisheries should receive more research attention1,4,5,8. This paper contributes to the literature on inland tropical fisheries, demonstrating that larger higher trophic level fish are being depleted in one of the world’s largest freshwater fisheries, while smaller, lower trophic levels organisms are increasing in a manner that sustains overall fish catches. Towards this, we study temporal dynamics 1
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Figure 1.  Distribution of standardized regression coefficients of seasonal catches of 116 fish species recorded at the Dai fishery, Tonle Sap River from the fishing season of 2000/01 to 2014/15.



of 116 fish species in the Tonle Sap over 15 years. The Tonle Sap, at the whole fishery scale, has been shown to employ an amazing amount of fishing gears applied broadly across habitats and seasons in a manner that uniformly catches a high diversity of fishes (see13, Fig. 5). This approach is highly suggestive of a relatively indiscriminate fishery. The dataset for the study was obtained from a standardized biological catch assessment of an industrial-scale ‘Dai fishery’ that operates during the dry season in the Tonle Sap River. We explore how temporal trends of fish catch captured by this fishery relate to each species’ maximum body size and trophic level. We also examine changes in the body weight and length of individual fish for select species over the assessment period.



Results



Summary of the fishery catch.  Over the 15-year assessment period, 141 fish species belonging to 12 orders, 36 families and 93 genera were recorded. The four main orders, representing 90% of the total species counts were: Cypriniformes (59 species), Siluriformes (36), Perciformes (23) and Clupeiformes (7). The rest contained one to three species in each order. Five families forming 95% of the total catch by weight were Cyprinidae (84%), Pangasiidae (4%), Cobitidae (4%), Siluridae (3%) and Cynoglossidae (1%). Three genera forming 66% of the total catch were Henicorhynchus (42%), Paralaubuca (12%), Labiobarbus (12%). Henicorhynchus contained three species namely Henicorhynchus lobatus (17%), Henicorhynchus sp. (15%) (synonym of Lobocheilos cryptopogon and H. cryptopogon) and H. siamensis (10%); whereas, Paralaubuca encompassed only one species Paralaubuca barroni (synonym of P. typus), and finally, Labiobarbus consisted of two species: L. lineatus (10%) and L. siamensis (2%). By size category, 75% of catch was from species with maximum total length (maxTL) 90 cm. By trophic level, 70% of catch was from species with trophic level 3.75. Ecologically, 82% of catch was longitudinal (riverine) migratory species, 17% was lateral-migration species, and about 1% is from a combination of estuarine, marine and floodplain resident species. For relative catch weight of 116 species captured by the Dai fishery, see Supplemental Information Fig. S4. We also found an overall declining trend in species diversity (evenness index) (see Fig. S5), signifying that fish community was highly unevenly distributed particularly between 2008 and 2015. Temporal change in fish catch and relationship with maximum length and trophic level.  The distribution of the standardized regression coefficients for all 116 species, which reflected the nature of the relationship between seasonal fish catch and time for each species, was skewed to the right, centered around −0.4, and spread between −0.78 and 0.66 (Fig. 1). Out of the 116-total species, 90 (78%) had negative standardized regression coefficients. These results indicate that the seasonal catches of these species harvested by the Dai fishery declined over the 15 years studied. On the contrary, there were also species (26 out of 116 or 22%) with positive standardized regression coefficients, indicating an increase in the catch of these species by the Dai fishery. Interestingly, Oreochromis mossambicus is an exotic species that was among the largest positive coefficients observed. In addition, Labiobarbus lineatus, Henicorhynchus lobatus and H. cryptopogon (synonym of Lobocheilos cryptopogon) are all known to be highly prolific and form the largest proportion of the catch from the fishery. These species also had positive standardized coefficients (see Table S6 for standardized regression coefficients, maxTL and trophic level for each species). In fact, the increase in these species stabilized the seasonal Dai catches as it was evidenced in the total catch of the fishery which was stationary over the study period (p-value = 0.982, Fig. S8). Species with declining catch in the Dai fishery were disproportionately represented by those with larger body sizes and higher trophic levels based on linear regressions (Fig. 2a,b), which demonstrated overall negative relationships between the log +1 transformed standardized regression coefficients and the corresponding log-transformed maxTL (slope = −0.08, p-value = 0.08, r2 = 0.03), and trophic level (slope = −0.15, Scientific Reports | (2018) 8:8947 | DOI:10.1038/s41598-018-27340-1
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Figure 2.  Relationship between (log +1 transformed) standardized regression coefficients of species composition derived from seasonal catches of 116 fish species recorded at the Dai fishery in the Tonle Sap River from the fishing season of 2000/01 to 2014/15, and (a) their corresponding log-transformed maximum total lengths (maxTL in cm) and (b) trophic levels. Solid points represent endangered (en) and critically endangered (ce) species. Dashed lines show linear regression lines to predict the relationships when all species are considered, and solid lines are linear regression lines when en and ce are excluded from (a) and (b). Model summary (a) when all species are included: slope = −0.08, p-value = 0.08, r2 = 0.03; and when en and ce are excluded: slope = −0.13, p-value = 0.006, r2 = 0.06. Model summary (b) when all species are included: slope = −0.15, p-value = 0.02, r2 = 0.04; and when en and ce are excluded: slope = −0.16, p-value = 0.02, r2 = 0.05. Boxplots show (c) distribution of maxTL and (d) trophic level for the positive and negative standardized regression coefficient values of all 116 species. Using Mann-Whitney rank sum tests for significant differences, p-values for (c) and (d) are 0.02 and 0.08, respectively.



p-value = 0.024, r2 = 0.04). In the regression model, five endangered and critically endangered species (solid points on Fig. 2a,b) were included. However, it was also likely that these species were very rare and, as such, their catches obtained in the catch assessment could be misleading. Therefore, when they were dropped from the analysis, the significant relationships were indicated with both maxTL (slope = −0.13, p-value = 0.006, r2 = 0.06) and trophic level (slope = −0.16, p-value = 0.02, r2 = 0.05). When grouped by positive and negative standardized regression coefficient values (for all 116 species), maxTL was significantly greater for the species with negative standardized regression coefficients than the positive ones (Fig. 2c; Mann-Whitney rank sum test, p-value = 0.02). Negative values of standardized coefficients were noted for species with maximum length corresponding to >45 cm (3rd quartile), whereas positive standardized regression coefficients were noted for species with maxTL 3.3 (3rd quartile), and species with positive standardized regression coefficients had lower trophic levels ( 
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