
1

Vol.:(0123456789)

Scientific Reports |         (2021) 11:3806  | https://doi.org/10.1038/s41598-021-81248-x

www.nature.com/scientificreports

Flooding is a key driver of the Tonle 
Sap dai fishery in Cambodia
Ashley S. Halls1* & Kent G. Hortle2

arising from: P. B. Ngor et al.; Scientific Reports https://doi.org/10.1038/s41598-018-27340-1(2018).

As one of the richest sources of fisheries-related data in the lower Mekong basin, the Tonle Sap dai fishery has 
received considerable attention in the literature in recent years as concerns grow over the impacts of hydropower 
dams on fisheries, which are important for livelihoods and food  security1–3.

Ngor et al.4 reported a decline since 2000 in the catch of larger species which tend to occupy higher trophic 
levels; compensatory increases in the catch of smaller species; and declines in the mean body weight (and length) 
of common species in the Tonle Sap dai fishery, as evidence of the effects of indiscriminate fishing or “fishing-
down” of the multi-species fish assemblage in the lower Mekong basin. We provide evidence below that suggest 
that these apparent recent changes are more likely to reflect changing hydrological conditions than fishing-down 
effects, possibly caused by climate change and recently also by hydropower development.

The dai fishery has been reliably monitored since 1997–98. Without explanation, Ngor et al. excluded the 
first three seasons (1997–98 to 1999–2000) of monitoring data which include one of the driest fishing seasons 
on record (1998–99). The authors thereby created a time series beginning with the three wettest seasons (largest 
floods) since monitoring began (2000–1 to 2002–3) that were followed by 12 seasons of variable, but decreas-
ing flows caused by hydropower dam construction, low rainfalls possibly resulting from climate change, and 
abstractions for  agriculture5,6 (Fig. 1).

Without reference to hydrological variation, Ngor et al. reported a temporal decline in the catch of larger, 
high-trophic level species; compensatory increases in the catch of smaller species; and declines in the mean body 
weight (and length) of six common species. The authors reported these findings as evidence of the effects of 
indiscriminate fishing (fishing-down) in the lower Mekong basin, without considering alternative explanations 
for the observed patterns.

Ngor et al. describe their dataset as being generated from a “standardized biological catch assessment”. In 
reality, this assessment is complex having undergone numerous changes through time, including to sampling 
 effort2. Moreover, the fishery itself is not standardised, with net types, mesh sizes and flow rates through the gears 
varying inter and intra-annually. Catches may therefore not reflect changes in underlying  abundance7. Despite 
this, we re-examined the analysis of Ngor et al. at face value.

Using the 15-season dataset that accompanied Ngor et  al., we re-fitted regression models to the 
 loge-transformed catch time series of larger species (TL > 45 cm) excluding those with zero catch in any year. 
These 28 species formed approximately 16% of the total catch during the study period. We also found negative 
regression coefficients for all 28 species, supporting the findings of Ngor et al. However, the combined annual 
catch of these 28 species did not decline significantly through time  (R2 = 0.22; p-value = 0.07).

We did however find that the combined annual catch of these 28 larger species varied significantly with the 
annual flood index (FI)—a measure of flood extent and duration  (R2 = 0.46; p-value < 0.01) (Fig. 2). The FI is a 
key driver of fish growth and fisheries productivity in floodplain-river  systems8.

Annual catches for each of the 28 species were also found to vary (correlate positively) with the FI.  R2 values 
also improved for 23 of the 28 regression models when ‘year’ was replaced by FI as the independent explana-
tory variable (Table 1). The five species for which  R2 values did not improve formed less than 1% of the catch 
reported for the study period.

Contrary to Ngor et al. we found no clear evidence of a compensatory response by small species. The annual 
catch of the three most prolific small species of the genus Henicorhynchus, that formed 42% of the total catch 
during the study period, exhibited no significant trend through time (Adjusted  R2 =  − 0.0216, p-value = 0.42).

The growth of species of fish caught by the dai fishery is non-linear and  seasonal2. The time series analysis of 
mean fish weight illustrated in Figure 4 of Ngor et al. was subject to sampling-related bias because the number 
of observations of fish weight in each month varied significantly each year.

To avoid this bias, and minimise any gear selectivity effects, we examined how the mean body weight of the 
six common species examined by Ngor et al. varied in both December and January each year corresponding to 
the end of the flood, when any flood-related effects on fish growth would manifest. We compared regressions of 
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mean  loge-transformed body weight using ‘year’ and the FI as alternative independent explanatory variables. To 
aid model comparisons we first standardised both independent variables.

The FI explained more of the variation in mean fish weight than ‘year’ in 9 of the 12 regressions compared 
(Table 2). Residual plots indicated heteroskedasticity in most cases, but for all six species, the flood index pro-
vided a much better explanatory model of the variation in mean fish body weight compared with ‘year’. Mean 
fish weight did not decline linearly during the 15-year study period but rather exhibited periods of increase and 
decrease in response to the FI.

The FI also had a stronger effect on mean fish weight than ‘year’ as indicated by the regression coefficient 
values. These regression coefficients also indicate that the larger species are more sensitive to the effects of the 
flood index compared to the smaller species examined.

Conclusions
Statistically significant relationships between the mean size of fish caught in the dai fishery and the Tonle Sap-
Great Lake flood index have been previously reported in the  literature2,9–11. Longer and more extensive flooding 
increases the availability of spawning and feeding habitat, and extends the seasonal growth period of fish. These 
and other studies  including1 have presented evidence that fish biomass and catch increase in response to the 
flood index.

These growth and catch responses are also evident in the dataset accompanying Ngor et al., and appear most 
evident for larger species.

Whilst the growth of small, single-cohort, r-selected species responds to the flood index, order-of magnitude 
variations in recruitment to their populations probably mask these growth effects on their  catches9.

Figure 1.  The flood index (FI) or flood  pulse14 in the Tonle Sap Great Lake System (1997/08–2014/15). The 
FI is a measure of the flood extent and duration, calculated as the sum of the flooded area days above the 
mean flooded area from April to March of the following  year2. Whilst highly variable, a downward decline 
(p-value = 0.06) in the FI is observed between 2000/01 (Year 2001) and 2014/15 (Year 2015) shown by solid 
circles. Adding the most recent data for 2016–2018 (not shown here), confirmed that a downward linear 
trend in the FI since the 2000/01 season is statistically significant (p-value < 0.01). Data  Source: Mekong River 
Commission Secretariat.
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Figure 2.  The relationship between the  loge-transformed annual catch of larger (TL > 45 cm) species and the 
flood index  (R2 = 0.46; p-value < 0.01).
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Table 1.  Comparison of  R2 values for regression models of  loge annual catch (dependent variable) of larger 
species with either ‘year’ or the ‘flood index’ as the explanatory variable.

Species Max. TL (cm) Trophic level Catch (kg) (2001–15) % of total catch 116 species (2001–15)

Regression model  R2

Year (fishing effort) Flood index

All Spp > 45 cm 49.8–240 2–4.08 49,472,406 16.3% 0.22 (p-value = 0.07) 0.46 (p-value < 0.01)

Amblyrhynchichthys truncatus 48.8 2.4 2,784,494 0.9% 0.20 0.59

Arius maculatus 80 3.36 38,180 0.0% 0.03 0.17

Belodontichthys truncatus 73.2 4.08 3,738,435 1.2% 0.15 0.23

Boesemania microlepis 122 3.72 1,242,872 0.4% 0.01 0.24

Catlocarpio siamensis 300 2.92 125,872 0.0% 0.05 0.27

Channa striata 122 3.36 70,330 0.0% 0.11 0.02

Chitala ornata 122 3.68 412,581 0.1% 0.29 0.21

Cirrhinus microlepis 79.3 2.38 6,136,799 2.0% 0.15 0.41

Cosmochilus harmandi 100 2 2,083,962 0.7% 0.00 0.23

Cyclocheilichthys enoplos 90.3 3.15 4,605,586 1.5% 0.39 0.58

Helicophagus waandersii 70 3.15 773,046 0.3% 0.55 0.56

Hemibagrus nemurus 79.3 3.62 1,666,100 0.5% 0.09 0.24

Hemisilurus mekongensis 80 3.3 108,837 0.0% 0.23 0.49

Hypsibarbus malcolmi 61 3.2 2,277,388 0.8% 0.23 0.27

Labeo chrysophekadion 90 2 7,881,750 2.6% 0.02 0.32

Leptobarbus hoevenii 122 2.76 412,659 0.1% 0.07 0.22

Macrochirichthys macrochirus 100 3.7 487,208 0.2% 0.32 0.53

Notopterus notopterus 73.2 3.6 141,934 0.0% 0.10 0.09

Osteochilus melanopleurus 73.2 2.32 2,268,628 0.7% 0.62 0.34

Osteochilus schlegeli 49 2 117,595 0.0% 0.00 0.08

Oxyeleotris marmorata 79.3 3.9 29,389 0.0% 0.02 0.29

Pangasianodon hypophthalmus 158.6 3.12 1,374,944 0.5% 0.28 0.55

Pangasius bocourti 146.4 3.18 123,503 0.0% 0.03 0.02

Pangasius conchophilus 146.4 2.73 1,563,026 0.5% 0.03 0.20

Pangasius larnaudii 158.6 3.26 4,593,059 1.5% 0.07 0.34

Phalacronotus micronemus 61 4.03 3,232,839 1.1% 0.20 0.27

Probarbus jullieni 183 3.17 877,647 0.3% 0.09 0.23

Wallago attu 240 3.68 303,743 0.1% 0.28 0.29

Mean 0.16 0.30

Table 2.  Comparison of  R2 and coefficient values of regression models of mean  loge fish body weight 
(dependent variable) of the six common species of fish examined by Ngor et al. with either standardised ‘year’ 
or the ‘flood index’ as the explanatory variable. All regressions were significant (p-value < 0.001). Residuals 
Indicate: 1-Poor model fit; 2-Heteroskedasticity; 3-Heteroskedasticity and poor model fit; 4-Acceptable model 
fit; 5-Heteroskedasticity but acceptable model fit.

Species Month

Independent variable: standardised 
year

Independent variable: 
standardised flood index

R2 b Residuals indicate R2 b Residuals indicate

C. microlepis
December 0.38  − 0.72 1 0.32 0.62 3

January 0.13  − 0.28 1 0.18 0.32 5

C. enoplos
December 0.07  − 0.39 1 0.37 0.80 4

January 0.11  − 0.49 3 0.23 0.64 5

H. lobatus
December 0.23  − 0.24 1 0.30 0.25 4

January 0.27  − 0.19 2 0.26 0.17 5

L. lineata
December 0.11  − 0.16 3 0.22 0.22 5

January 0.18  − 0.19 3 0.27 0.21 5

O. melanopleurus
December 0.18  − 0.76 3 0.26 0.85 5

January 0.16  − 0.61 3 0.12 0.50 5

P. hypophthalmus
December 0.15  − 0.48 3 0.25 0.56 5

January 0.07  − 0.30 3 0.12 0.37 5

Mean 0.17  − 0.40 0.24 0.46
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In contrast, a legacy of poor growth during dry years is likely to persist for larger, longer-lived, later-matur-
ing, K-selected species whose populations comprise multiple cohorts which are limited by habitat or resource 
availability, in this case the inundated floodplain. Sustained periods of declining flood-pulses are likely to have 
significant short-term and cumulative effects on mean body size, fecundity, survival, and ultimately catches of 
these large species.

There are no reliable estimates nor time series of fishing effort or mortality to support the claim that “fishing-
down” is responsible for the apparent recent trends reported by Ngor et al. Indeed, fishing effort may have actu-
ally declined in Cambodia’s inland waters, following the removal of highly efficient industrial fishing operations 
(fishing lots) in Cambodia in  201212, and as former fishers take-up alternative employment in booming regional 
economies.

While fishing pressure undoubtedly caused some fishing-down between 1970 and the 1990s corresponding 
to strong population growth and the spread of modern fishing  methods13, we suspect that since then, an already 
fished-down assemblage has been further impacted by periods of low flow and limited flooding, possibly caused 
by climate change and hydropower  dams6.
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