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Abstract 
 

 Understanding fish assemblage is critical in understanding the health and wellbeing of 

an ecosystem. Freshwater fish assemblage and in turn catch per unit effort (CPUE) are reliant 

on a variety of abiotic and biotic factors within any given freshwater ecosystem. Hydrology 

and seasonal hydrological change can be a large driving force behind change in those factors 

and in turn behind changes in fish assemblage. By investigating the fish assemblage present 

in the Prek Toal Core Area, a flood pulse ecosystem driven by large seasonal shifts in 

hydrology, this study seeks to determine what role this changing hydrology has on seasonal 

fish assemblages. Multivariate analysis tools using NMDS and cluster analyses were utilized 

to indicate distinction in abundance between both high and low water fish assemblages. The 

results of this study indicate that there is a clear and significant difference between high and 

low water season fish assemblages. The low water fish assemblage showed a greater 

abundance of piscivore species as well as residential species, compared to the high water fish 

assemblage which showed a greater abundance of insectivores and lateral migratory species. 

These differences indicate that shifting hydrology is a driving force behind fish assemblage.  

Keywords: freshwater lake, fish ecology, catch per unit effort, non-metric multidimensional 

scaling, seasonal hydrology, flood pulse ecosystem, Tonle Sap 
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Introduction 
Freshwater biodiversity is important because many ecosystems and populations are 

supported by and rely on freshwater ecosystems. However, global threats to freshwater 

biodiversity are significant due to climate change and various ecosystem alterations such as 

hydropower development. Fish assemblage, and important assessment of freshwater 

biodiversity depends on a number of abiotic and biotic factors that determine the species 

abundance and composition of a given freshwater system. In terms of biotic factors, predator 

assemblage has the ability to influence prey assemblage, that is the overall fish assemblage 

can influence itself (Jackson et al., 2001). Fish assemblage can also be largely dependent on 

temporal and spatial factors. Variation in available nutrients tends to influence the species 

that occupy various regions (Jackson et al., 2001). Overall, the underlying process that can 

influence a large portion of these abiotic and biotic variables is the hydrology of a system, 

which has been largely shown to have a major effect on fish assemblage and diversity (Poff 

and Allan, 1995). Fish assemblage is largely dependent on environmental variability as is 

often regulated by change in flow patterns (Jackson et al., 2001). Because this variability can 

be attributed to hydrological shifts, it is crucial to evaluate fish assemblage relationships in a 

region where there is strong hydrological variation. 

Specifically, the flood pulse ecosystem experiences seasonal patterns of inundated 

and dry floodplains, resulting in the exchange of organic and inorganic compounds between 

terrestrial and aquatic systems (Junk et al., 1989). The Tonle Sap, Cambodia’s great lake, is a 

prime example of such a system. In the wet or high water season between December and 

June, the lake, which usually contributes to the Southward flow of the Mekong River, 

increases in volume and surface area due to high rainfall (Davidson, 2006). Additional 

floodwater from the Mekong results in seasonal flooding of the floodplains surrounding the 

Tonle Sap, and an increase in water depth throughout the lake (Campbell, et al 2009). Junk’s 

flood pulse ecosystem theory also asserts that as this change in hydrology occurs there are 

also massive shifts in the presence of nutrients (1989). The Tonle Sap experiences changes in 

water chemistry components such as pH, calcium ion concentration, chemical oxygen 

demand, and conductivity (Campbell et al., 2009). As water levels decrease nutrients such as 

nitrogen, phosphorous, and the general measure of total suspended solids (TSS) reach peak 

levels just before the rainy season begins again (Campbell et al., 2009).  

Flood pulse systems and their effect on abiotic and biotic factors have the ability to 

seasonally influence fish assemblage. The exchange of materials between aquatic and 

terrestrial zones cannot only influence abiotic factors such as nutrient levels, but it can also 
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influence biotic factors like predator and prey interactions (Holtgrieve et al., 2013). The 

Tonle Sap is considered to be one of the most productive inland fisheries; however, this is 

largely based on fish catch and not on primary production (Campbell et al., 2009). To date, 

there is minimal research conducted on the overall fish diversity and assemblage present in 

the lake, and even less studies on seasonal shifts in fish assemblage, which has resulted in a 

significant knowledge gap. Junk’s initial research suggests that flood pulse ecosystems that 

include large bodies of water that experience long term seasonal shifts will likely produce 

varying morphology and diversity to reflect those seasonal changes in biotic and abiotic 

factors (1989). More research fish assemblage and catch per unit effort data collected during 

the low water season will make it possible to better understand the effect of the changing 

hydrology of the flood pulse system on fish assemblage in the Tonle Sap. 

Understanding the change in the Tonle Sap fish assemblage is critically important due 

to the role of the lake in terms of food security for the region. The importance of the Tonle 

Sap, both locally and internationally, cannot be understated. It is estimated that 

approximately 1 million or more people depend on the natural resources from the lake for 

daily life (Kummu and Sarkula, 2008). Additionally, in terms of food security between 75 

and 80% of the average Cambodian’s protein comes from fish products (Cooperman et al., 

2012 and Campbell, 2006). Economically, nearly 16% of Cambodia’s reported GDP comes 

from fish products (Campbell, 2006). The fish from the Tonle Sap are also important on an 

international scale and in the last decade export rates for fish have been growing at an 

accelerating pace (Lamberts, 2001).  

The Tonle Sap, however, also faces growing threats to productivity. A growing 

number of hydropower and irrigation projects both within the Tonle Sap system and upstream 

on the Mekong have significant potential to impact the sedimentation and nutrient load 

available for the fish in the Tonle Sap (Holtgrieve et al., 2013; Campbell et al., 2009 and 

Kummu and Sarkula, 2008). Due to the relationship between hydrology and fish assemblage, 

such projects have the potential to change the hydrology and cycles that regulate flow within 

the Tonle Sap, thus influencing fish diversity and abundance.  This study seeks to provide 

additional evidence for the flood pulse system’s effect on assemblage by assessing the fish 

assemblage present at Prek Da stream in the Prek Toal core area of the Tonle Sap Biosphere 

Reserve. This study is a continuation of the data collected during the peak rainy season in 

November 2015 (Stablow, n.d.). Overall, the goal of this study is to investigate the influence 

of the flood pulse system’s seasonal hydrology on fish assemblage and catch per unit efforts 

in the core area of the Tonle Sap. The null hypothesis put forth by this study is that there will 
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be no difference in seasonal fish assemblage and CPUE between the high and low water 

seasons, with the alternate hypothesis indicating that there is a difference between fish 

assemblage and CPUE between seasons.  

Methods 

Study Site 

 

Samples were collected from the Prek Da stream, which flows through a portion of the 

seasonally flooded forest in the Prek Toal core area of the Tonle Sap (Figure 1). Little is 

available in the literature specifically regarding the hydrology of the Prek Da, but because it 

is connected to the Prek Toal stream, and thus reliant on the seasonal flood pulse of the Tonle 

Sap, it can be inferred that the stream experiences seasonal high and low water periods 

(Department of Nature Conservation and Protection, 1998). 

  

Figure 1. Map of Prek Toal core area with study site: Prek Da indicated with a red arrow. (Osmose, 2006). 

Cambodia faces additional drought and water related stress during El Nino years. In 

2015, rainfall was experienced far later than expected, which caused severe drought that has 

persisted into 2016, which became even more pronounced as Cambodia entered the dry 

season (United Nations, 2016). Data was collected between April 18
th

 and April 28
th

, which 

is the peak of the dry season, meaning that water levels were at their minimum. Thus the 
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difference in water levels in Prek Da stream and in turn the Tonle Sap as a whole, between 

the wet and dry season was particularly pronounced between 2015 and 2016. 

During the collection period a large amount of invasive water hyacinth (Eichhornia 

crassipes) was observed at the surface of the water. The water depth was reported to be 

approximately 20 cm at the deepest point. The flow of water observed was relatively 

minimal. 

Data Collection 

Collection methods were based on techniques developed and employed by Stablow 

(n.d.) in November 2015. Each morning, MoE rangers placed 2 gill gears approximately 70-

80 M long and 1.7-2.0 M deep at the study site, and withdrew the nets approximately 1-2 

hours later. Initially, 2.5 and 3 cm mesh gill nets were placed, however it was determined that 

gill nets of 3, 3.5 and 5 cm mesh were the most efficient. In addition, cast nets with 2 cm 

mesh were thrown between 3 and 8 times daily. Another type of net used was the seine net, 

which was 20 M long and 2.5 M deep with 4.5 cm mesh size. Two rangers dragged this net 

the length of the stream twice each morning. These various mesh size gill nets and other 

gears were used to ensure the samplings cover the diversity of fish at different depths and 

habitats and fish of different sizes. After each net was withdrawn the total catch was weighed. 

All fish captured were immediately put on ice to minimize harm and to preserve important 

tissues. Each fish species captured was identified with the Food and Agriculture 

Organization’s (FAO) Fishes of the Cambodian Mekong (Rainboth, 1996). Then all 

individuals of one species in a given catch were weighed to determine the total weight of that 

group of individuals. The standard length of each individual was then determined using a set 

of calipers. A representative individual of each species was photographed on a clipboard with 

the name of the species for future reference. Following on site collection, the preferred 

habitat, feeding ecology, trophic group, and trophic level were all determined based on 

information available in both Fishes of the Cambodian Mekong (Rainboth, 1996) and on the 

Fishbase database (fishbase.org).  

Data Analysis 

Species Richness and Abundance 

 Measurements including total weight of fish catch, total weight of species-specific 

catch, species and family names, number of individuals of each species, standard length for 

each individual, mesh size, and the duration of time the net was in the water, were all 

recorded in an excel spreadsheet. Additional data collected from fishbase.org and Fishes of 
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the Cambodian Mekong (Rainboth, 1996) was placed in an additional spreadsheet with 

species information. Fish assemblage from the high water season (Stablow, 2015) was used 

to compare with fish assemblage from this season, the low water season. 

 Analyses were performed to compare species richness and species abundance with 

trophic group, trophic level, migratory patterns, and preferred habitat for both samples 

collected in the high and low water seasons. Trophic groups include piscivore, insectivore, 

omnivore, herbivore, detritivore and algaevore. Habitat preferences were grouped as river 

channels, flowing water, floodplains, or standing water. Migratory patterns were also divided 

into three discrete categories: longitudinal migration (migration up or down a river, in this 

case the Tonle Sap lake or Mekong as a whole), lateral migration (movement from a more 

permanent area of residence to seasonally flooded areas), and finally residential (no 

migration). An additional chart shows the average trophic level for each trophic group of both 

rainy and dry season samples. Because only gill nets were used in the high water season, 

comparison between total CPUE by weight and individual was not possible, however average 

CPUEs for gill net catch was completed. ANOVA analyses were performed to determine 

whether the differences observed among both seasons and gear types’ CPUE values were 

significant. 

 Additional analysis was performed using Past3 statistical software’s Non-Metric 

Multidimensional Scaling (NMDS) tool and the cluster analysis tool in order to better 

understand the complex relationship between species abundance and richness between both 

assemblages from high and low water.  

Catch per Unit Effort 

 CPUE was calculated using 4 separate equations, two based on total fish catch (one 

by weight and one by total number of fish caught) and two based on species-specific fish 

catch (one by weight and one by total number of a specific species caught). The average 

CPUE was calculated for each of these approaches for both net sizes on a daily basis with the 

following equation: 

 

             (     )                   

                                
 

 

 This equation was used to determine the average CPUE by abundance for the entire 

study period, both by species and on the whole for all fish species collected. The resulting 
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average CPUEs were then displayed on four graphs with both net sizes and seasons 

depending on the CPUE measure used. 

Results 

Fish Assemblage 

Seasonal Shifts in Richness and Abundance 

 Comparison of fish assemblages between low water (April) and high water 

(November) reveled that more fish were collected and identified in the high water season than 

in the low water season. 2460 individuals representing 28 species from12 families and 4 

orders were identified in the high water season, compared to the 1335 individuals 

representing 19 species from 11 families and 4 orders identified in the low water season 

(Figure 3). Both assemblages were most rich in the Cyprinidae family with 4 species 

identified in the low water season and 12 in the high water season (Figure 3). In terms of 

overall abundance, in both high and low water season the Belontiidae (high water season: 

73.90%, low water season: 61.05%) family was most (Figure 4). However, the next two most 

abundant families in the low water season were Anabantidae and Channidae which both had 

relatively low abundance levels in the high water season (Figure 4). The second and third 

most abundant families in the high water season, Bagridae and Cyprinidae also had relatively 

low abundances in the low water season (Figure 4).  

 Six species were found in common between both fish assemblages: Ompok 

bimaculatus, Channa striata, Pristolepis fasciata, Anabas testudineus, Trichogaster 

microlepis, and Trichogaster pectoralis (Figure 12). Five of the six were more abundant in 

the low water fish assemblage than in the high water assemblage, the only exception being 

Trichogaster pectoralis (high water season: 46.44%, low water season: 25.82%) (Figure 12).  

 In both high and low water fish assemblages 8 piscivore species were identified 

(Figure 6). The number of species of insectivores, omnivores and algaevores identified in the 

high water season all outnumbered the number identified in the low water season; however, 

detritivores and herbivores were only identified in the low water season (Figure 5). 

Insectivores made up more of the total catch in the high water season(90.85%) while they 

only made up less in the low water season (16.33%) (Figure 6). However, in the low water 

season piscivores were more abundant (78.88%) compared to only in the high water season 

(1.22%) (Figure 6). Average trophic levels for each trophic groups were relatively close 

between seasons, showing no clear difference (Figure 7).  
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 The high water fish assemblage was richer in both laterally and longitudinally 

migrating species with 20 and 4 respectively compared to 11 and 3 in the low water season 

(Figure 8). The same was true for abundance with both longitudinally and laterally migrating 

fish representing higher abundances in the high water season than in the low (Figure 9). 

However, laterally migrating species represented 92.56% in the high water season and only 

41.35% in the low water season (Figure 9). In the low water season residential species 

constituted the majority of the catch with 52.88% (Figure 9). 

 In both fish assemblages more species that preferred floodplain habitats were 

identified compared to species that preferred river channel habitats (Figure 110). Again in 

both the low and high water fish assemblages the species that preferred floodplain habitats 

(low water: 85.17%, high water: 76.42%) were more abundant than those that preferred river 

channels (low water: 15.96%, high water: 23.46%) (Figure 11).  

 

Figure 2. Abundance of all identified species by net type. The percentage above each bar represents total abundance. 
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Figure 3. Species richness for each family identified in low and high water assemblages.  

 

Figure 4. Abundance for each family identified in low and high water assemblages. 

Ecological characteristic classifications of fish assemblage 
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Figure 5. Total species identified for each trophic group in both low and high water assemblages. 

 
Figure 6. Total abundance for each trophic group in both low and high water assemblages.  
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Figure 7. Average trophic levels for each trophic group in both low and high water assemblages. 

 
Figure 8. Species richness for each migratory class in both low and high water assemblages. 
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Figure 9. Species abundance for each migratory class in both low and high water assemblages. 

 

Figure 10. Species richness for each preferred habitat type in both low and high water assemblages. 
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Figure 11. Species abundance for each preferred habitat type in both low and high water assemblages. 

  

 

Figure 12. Relative abundance of species in common between high and low water fish assemblages. 

Multivariate Analyses 

 Multivariate analysis using NMDS indicates a somewhat clear difference (stress =.11) 

between high water season and low water season with minimal overlap (Figure 13). The same 

assessment was performed on the total catch from each season the spread of data points from 

this analysis which showed a clear difference (stress =.088) with some overlap (Figure 14) 

making the distinction between seasonal assemblages when the total catch including all gear 

types is included even more significant than when only considering gill net catch.  
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 A cluster analysis performed on the seasonal fish assemblages for only gill net catch 

indicate three clear clusters (Figure 15). Group A represents high water species with 

abundance values of at least 5% and low water species with abundance values of at least 

20%. Group B represents high water species with abundance values of less than .2% and low 

water species with abundance values of less than 2%. Group C represents high water species 

with abundance values of greater than .2% but less than 5% and low water species with 

abundance values of greater than 2% but less than 20%. A cluster analysis performed on the 

seasonal fish assemblages including all net types also indicates three clear clusters, again 

based on abundance (Figure 16). Group A represents high water species with abundance 

values of less than .2% and low water species with abundance values of less than .6%. Group 

B represents high water species with abundance values greater than 14% and low water 

species with abundance values greater than 25%. Group C represents high water species with 

abundance values less than 14% but greater than .2% and low water species with abundance 

values less than 25% but greater than .6%. 

 

Figure 13. Non-metric multidimensional scaling analysis of gill net catch of low and high water fish assemblages 

based on log10(x+1). Stress = .11. 
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Figure 14. Non-metric multidimensional scaling analysis of total catch of low and high water fish assemblages based 

on log10(x+1). Stress = .088. 
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Figure 15. Cluster analysis of gill net catch of low and high water fish assemblages. Group A represents fish of 

highest abundance, followed by C, with B being the lowest abundance  group. 
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Figure 16. . Cluster analysis of total catch of low and high water fish assemblages. Group B represents fish of highest 

abundance, followed by C, with A being the lowest abundance group. 

CPUE 

Seasonal Shifts in CPUE 

 The catch per unit effort calculated by both weight and number of individuals varied 

greatly between both species and gill type (Figure 17, Figure 18). In general the CPUE by 

weight for gill nets was very low for all species compared to the cast and seine nets, and 

some species were not captured in gill nets at all making their CPUE nonexistent (Figure 17). 

The same trend was seen for CPUE by individual (Figure 18). CPUE by weight was highest 

for Trichogaster pectoralis individuals caught in gill nets (Figure 17). It was highest for 

Trichogaster pectoralis, followed by Trichogaster microlepis for cast nets (Figure 17). It was 

highest for Channa striata, followed by Trichogaster pectoralis for seine nets (Figure 17). 

CPUE by individual was highest for Trichogaster pectoralis in seine nets, while it was 
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highest for Trichogaster microlepis, followed by Trichogaster pectoralis in cast nets (Figure 

18). 

 The average overall CPUE by weight, among the gear types highest in the cast net, 

followed by the seine net, with the gill net having been found to have the lowest CPUE by 

weight (Figure 19). An ANOVA analysis indicated a p value of 7.98E-06 and an F value of 

21.62 indicating that these differences are significant (Figure 19). The same findings were 

true for the CPUE by individual again with the cast net having the highest CPUE by 

individual and the gill net having the lowest (Figure 20). An ANOVA analysis on this data 

set indicated a p value of 1.97E-05 and an F value of 18.97 again indicating that these 

differences are significant (Figure 20). 

 A comparison between CPUE by weight in the low water season and the high water 

season indicated that the CPUE by weight is higher in the low water season than it is in the 

high water season (Figure 21). An ANOVA analysis indicated a p value of .040 and an F 

value of 5.21, indicated that this difference is significant. The same comparison performed on 

CPUE by individual indicated the same result, again proven significant by an ANOVA 

analysis with a p value of .040 and an F value of .22 (Figure 22). 
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Figure 17. Average CPUE by weight for each gear type sorted by species identified for the Prek Da low water fish 

assemblage. 

 

 

Figure 18. Average CPUE by individual for each gear type sorted by species identified for the Prek Da low water fish 

assemblage. 
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Figure 19. Average CPUE by weight for each gear type in the low water fish assemblage. Error bars indicate 

standard deviation. P=7.98E-06, F=21.62. 

 

 

 

Figure 20. Average CPUE by individual for each gear type in the low water fish assemblage. Error bars indicate 

standard deviation. P=1.97E-05, F=18.97. 
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Figure 21. Average CPUE by weight for gill net catch in low and high water fish assemblages.  

 

 

Figure 22. Average CPUE by individual for gill net catch in low and high water fish assemblages. Error bars 

indicated standard deviation. P =.040, F=5.21. 
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Discussion 

Fish Assemblage 

 

Seasonal Hydrological Change’s Effect on Assemblage 

 The objectives of this study were to identify the effects of seasonal hydrological shifts 

in the Tonle Sap’s effect on fish assemblage and CPUE in the Prek Toal Core Area. The null 

hypothesis that there would be no seasonal change in fish assemblage and CPUE was rejected 

in this study resulting in the acceptance of the alternate hypothesis that the seasonal 

hydrological change did influence those two variables. The analyses indicate a clear 

difference between the high and low water seasons in terms of both fish assemblage and 

CPUE. Overall there were fewer individuals captured in the low water season than in the high 

water season. One explanation for this could be the lower water level supporting fewer fish 

overall. Additionally though the productivity of the lake and size of fish catch has been 

shown to be dependent on the state of inundation experienced by the gallery forests each high 

water season (Baran et al., 2001). Due to the especially low high water season levels this past 

fall, due to El Nino, there was likely lower levels within the flooded forests, which may have 

resulted in lower level of lake wide production thus influencing this season’s catch. The fish 

assemblages identified did have some minor similarities in the abundance of observed 

families. The Belontidae family was abundant in both seasons which is consistent with their 

ability to tolerate fluctuate variable conditions (Webb et al., 2007) such as the varying 

dissolved oxygen levels experience in the flood pulse system (Junk et al., 1989). The family 

Channidae, known for tolerating low dissolved oxygen content (Qin et al., 1997), was most 

abundant during the low water season when dissolved oxygen reached its seasonal minimum 

(Lamberts, 2001).  

 Additional multivariate analyses on abundance of species assemblage also 

indicate significant variation between the assemblages during the high and low water seasons. 

The non-metric multidimensional scaling indicated that between both gill net catches and the 

total catch for each season there was significant variance as indicated by the stress values 

below .2. These findings reflect the wide variety in fish assemblage each season with minimal 

overlap between both abundance of species found in both assemblages, and minimal overlap 

between identified species. Additional cluster analyses again for both the gill net catch from 

each season and the total catch from each season indicate clear variation between abundances 

over three separate cluster groupings. This variance from both tests suggests that the 

abundance of each species present each season was statistically different and therefore the 
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seasonal changes are significantly influencing the observed assemblage. These findings are 

consistent with those found in other aquatic ecosystems experiencing seasonal hydrological 

changes influencing abiotic and biotic factors (Shi et al., 2014 and Balcombe et al., 2006).  

There are also clear shifts in the trophic groups present in the assemblage between 

seasons. Piscivores and insectivores dominated both seasons. However there was a definite 

shift in abundance between both seasons with insectivores making up a clear majority of the 

high water season assemblage, and the piscivores making up a definite majority of the low 

water season. The flood pulse system controls for a number of biotic and abiotic factors 

affecting assemblage (Junk et al., 1989). In the high water season the inundation of the 

gallery forest regions of the Tonle Sap results in the submersion of lots of vegetation and 

previously terrestrial habitat (Campbell et al., 2009). This terrestrial submersion results in 

increased insects available to insectivores during the high water season, a marked change in 

biotic factor: food availability, thus increasing their abundance. In the low water season the 

flood pulse influences abiotic factors in the stream such as the spatial scale occupied by the 

stream, with less stream depth for fish to occupy (Jackson et al., 2001). As fish populations 

become more densely located in the stream, predatory behavior of piscivores is far easier as 

the prey is more readily available, resulting in their increased abundance (Poff and Alan, 

1995). 

In terms of migration patterns there was again a distinct difference between the high 

and low season, in the high water season lateral migratory species were the most abundant 

but in the low water season residential species were most abundant followed closely by 

lateral species. Interestingly past studies of commercial fish assemblage in the Tonle Sap as a 

whole have indicated abundance levels of longitudinal migratory species as high as 63% (van 

Zalinge et al., 2000). This is likely due to the fact that this study took place in the main 

segment of the Tonle Sap, as opposed to a stream, where many longitudinal migratory fish 

migrate to to spawn. The high abundance of laterally migrating species present in the high 

water season is likely due to lateral migration to Prek Da or the flooded forest around Prek 

Da to breed at the beginning of the high water season.  

A clear distinction between fish assemblage in the high and low water seasons was 

also evident in the habitat preferences of identified fish species. Considering the preferred 

habitat of each species identified, both seasons had the majority of the abundance represented 

by fish that preferred floodplain habitats, which can be attributed to the floodplain system as 

a whole and the adaptation of many species in the Tonle Sap to the expected seasonal 

hydrology (Campbell et al., 2009). However they represented a bigger proportion of the low 
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water season assemblage, while the river channel preferring fish were slightly more abundant 

in the high water season than in the low water season. In the high water season with higher 

water levels throughout the lake it is likely that the Prek Da stream more closely resembled a 

river channel with swifter water flow (Junk et al. 1989). However, in the low water season 

the stream would more closely resemble a slow moving or standing body of water (Junk et al. 

1989) thus being more appealing to fish preferring that habitat while river channel preferring 

fish may relocate to more rapidly moving water. 

CPUE 

Total CPUE 

CPUE statistical analyses indicated a statistically significant difference between gear 

types in the low water season. Theses differences can be attributed to the respective 

effectiveness of each gear type. Generally fishing gear types are categorized as active or 

passive. Passive gear relies on the effort of the fish swimming through the water and 

becoming trapped in the gear, while active gear relies on human effort to throw or drag the 

net to capture fish (Dahm, 2000). Generally active gear types are reported to be more 

efficient and to have higher CPUE values because they require a certain level of human skill 

that elevates the likelihood of catching fish (Dahm, 2000).  

Seasonal Shifts in CPUE 

Because hydrology influences fish assemblage it can also be inferred that the seasonal 

hydrological change present in the Prek Toal Core Area will influence biomass. Average 

CPUE values among gill net catch in both high and low water season also indicates a clear, 

stastically significant difference between seasons, likely because of the seasonal change in 

biomass. It is not possible to fully conclude that one season is more productive on average 

than the other because only data from 2015 and 2016 has been obtained, more research will 

need to be done to make long term conclusions. The average CPUE values from the high 

water season; however, was lower than have been recorded for gillnets in the past on the 

Tonle Sap, while the low water season was much higher (Lamberts, 2001). This is likely due 

to overfishing occurring on the lake during the high water seasons (Allan et al., 2005). The lo 

water season may not have reflected this overfishing as well as the Prek Da stream area is in 

the core are where fishing is not allowed, so its high level during the low season may be an 

outlier in terms of CPUE throughout the lake. This overfishing could be due in part to 

increase human population in and around the lake, but also to the increased use of harmful 

and illegal gear types (Cooperman et al., 2012).  
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Limitations 

One limitation within this data set is due to the use of various gear types according to 

their practicality and efficiency in each season. This change in gear type was due to the fact 

that higher water during the November study prevented use of both cast and seine nets. MoE 

rangers opted to utilize all three types of nets in the low water season in order to get a clearer 

picture of total fish assemblage. Whenever possible analysis was completed between both gill 

net catches from each year and total catch in order to prevent the influence of sampling bias.  

An additional limitation comes from the particularly low water level this season, in part 

due to the effects of El Nino. The lower the water the more concentrated the fish are in the 

Prek Da stream and at only 20 cm in depth this season the fish were highly concentrated. This 

means that it is far easier to catch fish than it would be in the high water season when they are 

spread out. It does not appear this particularly negatively affected the results though because 

regardless of this change fewer individuals were identified in the low water season than the 

high water season. But regardless it is an important factor to consider.  

Implications 

 The largest finding from this research is that seasonal hydrological shifts can have 

significant effects on fish assemblage. Specifically the Tonle Sap is clearly affected by these 

shifts in the form of the flood pulse system. Seasonal shifts in hydrology can produce 

differing abiotic and biotic factors to the point that fish assemblage and CPUE values are 

different between seasons. If seasonal, natural hydrological shifts are causing these variations 

then it is likely that anthropogenic shifts could have similar but unpredictable effects. In the 

future these changes may become more and more damaging, upstream snow melt from 

mountain tops and increased monsoon rains could actually increase the flow of the Mekong 

resulting in higher dry season water levels which will dramatically shift the flood pulse 

system (Kummu and Sarkkula, 2008).  

Beyond shifting climate, hydropower dams and projects both upstream on the 

Mekong and within the Tonle Sap will also influence the hydrology, potentially on an 

accelerated timescale compared to climate change. Upstream dams on the Mekong, of which 

there are at least 12 on the main flow of the Mekong and as many as 70 or more on 

tributaries, will also stem the flow of nutrients and sediments to the Tonle Sap in addition to 

shifting the floodpulse system or even eliminating the pulsing component (Holtgrieve et al., 

2013). This study also provides some evidence to the possibility that overfishing is leading to 

declining fish stocks on the Tonle Sap, but again further research will be needed to indicate to 

what extent this is occurring.  
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 In order to better understand the future potential for anthropogenic hydrological shifts, 

both in the form of climate change or hydrological control, more research will need to be 

done. Certainly research should be done to better understand the potential impacts 

hydropower systems and climate change will have on the Tonle Sap and on the floodpulse 

system that controls it. Baseline studies determining how fish assemblages are already 

beginning to shift are important to establish as early as possible as climate change is already 

influencing water levels and possibly the floodpulse system today. Beyond the scope of this 

study a yearlong study on fish assemblage at Prek Da would be valuable to begin to 

understand how and when the assemblage shifts. This could be completed in addition to 

water quality parameters throughout the year in order to better understand what factors are 

influencing those seasonal shifts. Furthermore the inclusion of additional studies sites, 

particularly one where community fishing or fishing for profit is allowed to occur in order to 

process the way these shifts may be influencing Cambodian diet and commercial 

productivity. 
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Appendix I 
 

List of 19 species identified during the low water season (April 2016) including family, order, abundance, trophic group, trophic level, preferred 

habitat and migratory classification. 

Order Family Species Number of 

Individuals 

Abundance Trophic Group Trophic Level Migratory 

Class 

Preferred 

Habitat 

Osteoglossiformes Notopteridae Notopterus 

Notopterus 

69 2.96% Insectivore 3.5 ± 0.0 Lateral FP 

Cypriniformes Cyprinidae Dangila Kuhli 1 0.04% Algaevore 2.3   ±0.19 Lateral RC 

Esomus sp. 6 0.26% Insectivore 3.3   ±0.43 Lateral FP 

Hypsibarbus sp. 

Cf. Vernayi 

3 0.13% Detritivore 3.0   ±0.3 Longitudinal RC 

Puntioplites 

falsifer 

7 0.30% Herbivore  2.6   ±0.26 Longitudinal RC 

Siluriformes Clariidae Clarias 

macrocephalus 

59 2.53% Piscivore 3.7   ±0.58 Residential FP 

Siluridae Microneema 

bleekeri 

3 0.13% Piscivore 4.5   ±0.80 Lateral RC 

Ompok 

Bimaculatus 

15 0.64% Piscivore 3.9 ± 0.4 Lateral FP 

Bagridae Mystus 

Nemerus 

2 0.09% Insectivore  3.6   ±0.59 Lateral FP 

Mystus sp. cf. 

wolffi 

24 1.03% Insectivore 3.4   ±0.45 Lateral FP 

Mystus 

wyckioides 

1 0.04% Piscivore 3.7   ±0.60 Lateral RC 

Pangasiidae Pangasius 

bocourti 

2 0.09% Omnivore 3.2   ±0.47 Longitudinal RC 

Perciformes Anabantidae Anabas 

testudineus 

130 5.57% Piscivore 3.0 ± 0.4 Residential FP 
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Channidae Channa 

micropeltes 

37 1.58% Piscivore 3.9  ± 0.55 Residential FP 

Channa striata 112 4.80% Piscivore 3.4 ± 0.45 Residential FP 

Eleotridae Oxyeleotris 

marmorata 

5 0.21% Piscivore 3.9   ±0.67 Residential FP 

Nandidae Pristolepis 

fasciata 

44 1.88% Omnivore 3.2 ± 0.3 Lateral FP 

Belontiidae Trichogaster 

Microlepis 

212 9.08% Insectivore 2.8 ± 0.1 Lateral FP 

Trichogaster 

pectoralis 

603 25.82% Insectivore 2.7 ± 0.23 Lateral FP 

 

Appendix II 
 

List of 28 species identified during the high water season (November 2015) including family, order, abundance, trophic group, trophic level, 

preferred habitat and migratory classification. 

Order Family Species Num

ber 

of 

Speci

es 

Abundance Trophic Group Trophic 

level 

Migratory 

Class 

Preferred 

Habitat 

Osteoglossiformes Notopteridae Notopterus 

notopterus 

1 0.04% Insectivore 3.5 ± 0.0 Lateral FP 

Cypriniformes Cyprinidae Paralaubuca 

typus 

52 2.11% Insectivore 3.3 ± 0.43 Lateral RC 

Rasbora 

aurotaenia 

23 0.94% Omnivore 2.6 ± 0.28 Residential FP 

Cyclcheilychthys 

apogon 

2 0.08% Piscivore 2.9 ± 0.3 Lateral FP 

Hypsibarbus 1 0.04% Omnivore 2.8 ± 0.28 Longitudinal RC 
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lagleri 

Hampala 

macrolepidota 

1 0.04% Piscivore 4.2 ± 0.8 Longitudinal RC 

Puntius brevis 4 0.16% Omnivore 2.9 ± 0.33 Lateral FP 

cf Puntius 

leiacanthus 

1 0.04% Omnivore 2.9 ± 0.34 Lateral FP 

Thynnichthys 

thynnoides 

3 0.12% Algaevore 2.3 ± .18 Lateral FP 

Dangila 

spilopleura 

3 0.12% Algaevore 2.3 ± 0.2 Lateral RC 

Henicorhynchus 

siamensis 

150 6.10% Algaevore 2.0 ± 0.0 Longitudinal RC 

Osteochilys 

hasselti 

6 0.24% Algaevore 2.6 ± 0.0 Lateral RC 

Cyprinidae sp. 3 0.12% Unknown Unknown Unknown Unknow

n 

Siluriformes Bagridae Mystus 

multiradiatus 

358 14.56% Insectivore 3.1 ± 0.39 Lateral RC 

Siluridae Microneema 

apogon 

1 0.04% Piscivore 4.5 ± 0.8 Lateral RC 

Ompok 

bimaculatus 

2 0.08% Piscivore 3.9 ± 0.4 Lateral RC 

Ompok 

eugeneiatus 

1 0.04% Piscivore 3.6 ± 0.6 Lateral RC 

Perciformes Mastacembelidae Macrognathus 

siamensis 

2 0.08% Insectivore 3.3 ± 0.4 Lateral FP 

Chandidae Ambassis kopsi 2 0.08% Insectivore 3.0 ± 0.1 Longitudinal RC 

Channa striata 1 0.04% Piscivore 3.4 ± 0.45 Lateral FP 

Toxotidae Toxotes 

microlepis 

1 0.04% Insectivore 3.2 ± 0.46 Residential FP 

Nandidae Pristolepis 

fasciata 

1 0.04% Omnivore 3.2 ± 0.3 Lateral FP 

Belonidae Xenentodon 

cancila 

2 0.08% Piscivore 3.9 ± 0.62 Residential FP 
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Anabantidae Anabas 

testudineus 

20 0.81% Piscivore 3.0 ± 0.4 Lateral FP 

Belontiidae Trichogaster 

microlepis 

5 0.20% Insectivore 2.8 ± 0.1 Lateral FP 

Trichogaster 

pectoralis 

1142 46.44% Insectivore 2.7 ± 0.23 Lateral FP 

Trichogaster 

trichopterus 

671 27.29% Insectivore 3.4 ± 0.45 Lateral FP 

Tetraodontidae Monotreta fangi 1 0.04% Insectivore 3.3 ± 0.5 Lateral FP 

 

 


