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The effect of dam construction on the aquatic nematode 

communities in the Ba Lai estuary, Vietnam 

YEN NGUYEN THI MY 

International Master of Science in Agro-and Environmental Nematology 

Summary - The impact of a dam was investigated on the environmental parameters and subtidal nematode 

communities in the Ba Lai estuary in comparison with those from the dam-free Ham Luong estuary, both 

part of the Mekong delta, Vietnam. The presence of the dam was associated with lower dissolved oxygen, 

and higher total suspended solid (TSS) concentrations. Furthermore, the Ba Lai estuary showed higher 

concentrations of Hg and Pb in the upstream part. Also, the downstream station near the dam in addition 

to the upstream part was contaminated with higher concentrations of TSS, nutrients, heavy metals (Cu, Fe, 

Hg, Cd, Se, As), CH4 and H2S. The Ba Lai, especially the upper stream part also showed lower nematode 

density, but higher generic richness and the Shannon-Wiener index than the Ham Luong. The dominant 

genera Parodontophora and Daptonema in the Ham Luong were almost one and a half times more 

abundant than in the Ba Lai. Parodontophora was the most abundant genus in all stations except those 

from the upstream Ba Lai part where Theristus was the most abundant genus. 

Effects of dam were also evident on morphometric characteristics and biomass of the nematodes. The Ba 

Lai estuary was characterized by heavier nematodes with smaller L/W ratio as a consequence of the larger 

body width. The long/thin nematodes characterized by high L/W ratio are missing in the Ba Lai whereas 

they are well represented in the Ham Luong. Parodontophora was the main contributor to the total biomass 

in all estuarine sections except the Ba Lai upstream part where Theristus and Terschellingia were the most 

important groups.  

The variation in TSS, Hg, Fe and H2S which was observed in relation to the dam may explain the differences 

in the nematode community in the upstream part of the Ba Lai. However, the changes in environmental 

properties caused a stronger effect on nematode L/W ratio and biomass than on the community structure 

based on abundances. The L/W ratio of nematodes showed a negative interaction effect of both TSS and 

NH4
+. The individual biomass was affected positively by NH4+ and H2S. Finally, it was also observed that 

the highest internal copper concentrations in nematodes were found in the areas with highest copper levels 

in the sediment which was in the upstream part of the Ba Lai. 

In conclusion the presence of the dam has significant effects on the environment and associated nematode 

community of the upstream part of the Ba Lai.  

Key words - Dam impact, environment, free-living nematodes, diversity, density, biomass, heavy metals.
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The Mekong is one of the world’s largest rivers with 4,880 km length (MRCS, 2019). This river originates in 

the Himalayas, then flows southward through China, Myanmar, Lao PDR, Thailand downward to Cambodia 

and Vietnam. In Vietnam, the Mekong River splits into two rivers named the Mekong River (sông Tiền in 

Vietnamese) and the Bassac River (sông Hậu), which both approach the East Sea (South China Sea) by 8 

deltaic Mekong estuaries. The Tien River flows into two tributaries called the My Tho River and the Co 

Chien River before it runs into 6 estuaries including the Ba Lai and the Ham Luong, while the Bassac River 

flows straight until it reaches 2 estuaries (Fig. 1 (left)). The Mekong estuarine system is a very important 

ecological and at the same time socio - economical area, especially in the delta since it carries a lot of 

alluvium from upstream to form the lower Mekong River Delta resulting in a high diversity of bio-resources 

along the southern coastal area of the East Sea (MRCS, 2019). As any estuary, Mekong supports a high 

diversity of both freshwater and marine species including fish and crustaceans which use the present 

habitats for feeding, as refuge, or as a passage for migration as well as nursery for different stages of their 

lifecycle (Le et al., 2014). In addition, estuaries play a pivotal role in supplying freshwater for agriculture, 

industry, domestic applications, as well as other economic activities such as navigation, tourism and 

aquaculture (MRCS, 2019).  

In 2002, the first dam in the Mekong area of Vietnam was built across the Ba Lai estuary in the Ben Tre 

province (VNCOLD, 2015). The barrage aimed to change Ben Tre's agricultural production and its economic 

development by transforming rice fields into polyculture. It was supposed to help residents minimizing the 

damage caused by drought and inland salinization on farm production in the dry season, preventing flooding 

during the rainy season, irrigating crop fields with fresh water and providing fresh water for daily living 

(VNCOLD, 2015).  

Although dams have been supposed to bring benefits they are also changing the physicochemical 

characteristics of the environment, disturbing the aquatic and riverine ecosystem as well as the social-

economic structure of local communities (Alves & Brito, 2016; Amanda & Bristo, 2016; Diomande et al., 

2013; Oo et al., 2017; Wang et al., 2013; Weitkamp, 1994). The dam generates water reservoirs upstream 

from the dam, transforms lotic systems into lentic environments, slows down the water flow and causes low 

dissolved oxygen concentrations and more deposition of fine sediment in the reservoir (Égré & Senécal, 

2003; Graf, 2006; Lin, 2011; Oo et al., 2017; Phan, 2015; Wei et al., 2009; Wildi, 2010). Consequently, 
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these changes influence the aquatic biodiversity and distribution pattern, resilience and productivity 

processes by regulating both the life histories of river biota and species interactions in the food webs (Mattos 

et al., 2017; Power et al., 1996). Numerous studies recorded a reduction in abundance, biodiversity, 

productivity of fish, algal and benthic invertebrate communities related to changes in the environmental 

condition due to the presence of a  dam (Alves & Brito, 2016; Amanda & Bristo, 2016; Arle, 2005; Lin, 2011; 

Mattos et al., 2017; Mueller et al., 2017; Quevedo et al., 2018; Tiemann & Gillette, 2004; Wang et al., 2013; 

Weitkamp, 1994; Wu et al., 2009).  

As other dams worldwide, the Ba Lai dam has showed disadvantages in many aspects: for the environment, 

the biodiversity, the estuarine ecosystem as well as the local residents’ livelihood. The dam has changed 

the salinity gradient of the natural estuary and converted the brackish habitats to a fresh water ecosystem 

forming a reservoir, while also changing the sea - estuary dynamics of the system. The most obvious 

evidence for the impact is the transformation of forest land into to farming areas in the Ba Tri district as the 

natural flow has been controlled artificially (Le et al., 2014). The abundance, diversity, morphometry, and 

production of fish populations has declined compared to the original estuary due to the dam construction 

(Phan, 2015). In addition, reducing the flow circulation resulted in accumulation of organic pollutants and 

waste discharge (Le et al., 2014; Ngo et al., 2017). The lives of fishing households faced a lot of difficulties 

in comparison to previous times due to the gradual depletion of natural aquatic resources; while landslides 

have been threatening the local people’s life ( Ngo et al., 2017; Phan, 2015). Also, the Ba Lai estuary itself 

has started diminishing by siltation since its flow became too small to carry away alluvium causing 

sedimentation (Nguyen & Nguyen, 2011). This process especially changes the benthic environment and its 

associated biota among which free-living nematodes represent the most abundant invertebrate group. 

Nematodes also provide many advantages for biomonitoring including their high density and species 

richness, their ubiquity, representing different trophic levels and showing different life strategies (Bongers, 

1990; Heip et al., 1985; Moens et al., 2013; Vanreusel, 1990; Yeates et al., 1993, 2009). They develop 

without pelagic stage and respond sensitively to environmental changes on the seafloor since their entire 

life cycle is associated with soft sediments. Also, nematode communities with relatively short generation 

times of the present species respond faster to disturbances (Moens et al., 2013). Free-living nematodes 

can be sediment dwellers or burrowers and represent different trophic levels in the food web with species 
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feeding on detritus, bacteria, algae, fungi, besides omnivorous and predatory species (Yeates et al., 1993). 

Worldwide different attributes of nematode communities such as abundance, diversity, size spectra, 

functional groups, and biomass were analyzed in relation to environmental characters for assessing the 

ecological status and disturbance impacts in estuaries (Alves et al., 2013; Ferrero et al., 2008; Grzelak et 

al., 2016; Ngo et al., 2016; Quang et al., 2014; Smol et al., 1994; Soetaert et al., 1995; Tita et al., 1999, 

2002). Additionally, internal heavy metal content of nematode bodies has been used for ecotoxicological 

assessment (Gao et al., 2008; Mevenkamp et al., 2019; Sávoly & Záray, 2014). However, there have been 

very few studies focusing on the response of nematode communities to the effects of dam construction 

(Georg et al., 2010; Nicholas et al., 1992; Smol et al., 1994; Tiemann & Gillette, 2004; Wojtasik, 2009). 

Depending on the area different responses were found including reduction in diversity (river Elbe; Georg et 

al., 2010), reduced abundances and increased mortality of nematodes (river Murray, Australia; Nicholas et 

al., 1992). 

Ngo et al. (2016) studied the intertidal nematodes assemblages of the 8 Mekong estuaries in Vietnam and 

observed that the community structure near the Ba Lai dam deviated strongly from what was expected 

based on sediment characteristics. The mesohaline downstream station (PSU of 22.9) which is located 

close to the barrier dam was characterized by the dominance of Diplolaimella followed by the fresh water 

species Brevitobrilus which resulted in a very low MI index and by the absence of the typical dominant 

genera for silty sediments such as Parodontophora, Halalaimus, Thalassomonhystera, and Terschellingia. 

According to this study, the deviating composition of the nematode community, the dominance of a rapid 

colonizing genus, the absence of typical genera for silty sediments, as well as the high ammonium 

concentrations indicated a disturbance event at this station. 

The present study will focus on assessing biological and ecological impacts of the Ba Lai dam using subtidal 

free-living nematode assemblages and their relation to environmental characteristics. As there is no 

historical date before the dam construction, we also investigate an adjacent dam-free estuary called the 

Ham Luong as a reference estuary for comparison. The aim of this study is to target the following questions: 

1) Are there differences in environmental conditions between the natural estuary and the dammed estuary 

and between estuarine-sections (downstream and upstream) which are possible a result from the dam 

construction? 2) Are there differences between nematode communities and/or morphometry-biomass 
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between the two estuaries and among estuarine-sections? 3) Are the distinctions in nematode communities 

explained by differences in environmental conditions? 4) Are copper concentrations in the nematode bodies 

reflecting its external levels in the sediment? 5) Are the observed changes pointing to a decrease in 

ecosystem health? 

Materials and methods 

STUDY AREA AND SAMPLING LOCATION 

The Ba Lai estuary has 59 km length, is 3-4 m deep on the average. The flow volume of the Ba Lai estuary 

is 50 - 60 m3/s in the dry season and five times that in the rainy season (Le et al., 2014). There is a dam 

was built across the Ba Lai estuary (Fig. 1 (right)). The Ham Luong estuary has 72 km length. Both estuaries 

flow from the My Tho River to the East Sea and are located in the Ben Tre province (Fig. 1 (left)). 

       

Fig. 1. The Mekong River runs through many countries before forming an estuarine system in the Mekong 

delta in Southern Vietnam (source: Ngo, 2012) (left) and Ba Lai dam (right).  

Sampling was carried out in the Ba Lai (BL) and the Ham Luong (HL) estuaries during the dry season in 

March 2017. The Ba Lai is referred as the dammed estuary while the Ham Luong is called dam-free or 

reference estuary. In each estuary, 6 subtidal stations were identified from the mouth to upstream. Within 

the Ba Lai estuary, BL1-BL2-BL3 are the downstream stations while BL4-BL5-BL6 are located upstream of 

the dam. HL1-HL2-HL3-HL4-HL5-HL6 are reference stations in the Ham Luong estuary situated at similar 

positions along the original estuarine gradient as in the Ba Lai. The sampling area is illustrated in Fig. 2. 
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Fig. 2. Sampling locations in the Ba Lai estuary and the Ham Luong estuary, Ben Tre province, Vietnam 

THE COLLECTION AND ANALYSIS OF ENVIRONMENTAL PARAMETERS  

There was only one sample per station for environmental variables. The physical, granulometry and nutrient 

samples were collected and analyzed by the Analytical Chemistry group, department of microbiology of the 

Institute of tropical biology, Vietnam. The sampling and analysis of heavy metal and gasses were performed 

by the Department of Analytical Chemistry, Faculty of Chemistry, Ho Chi Minh City University of Science. 

In the overlying water different physicochemical parameters including salinity, pH and dissolved oxygen 

(DO), total dissolved solids (TDS) and total suspended solids (TSS) were measured at the sampling event. 

Salinity was measured in situ using a Multiparameter Water Quality Meter Model WQC22A. Based on the 

measured salinity stations were classified according to the scheme of Montagna et al. (2013) including 

polyhaline (18-30 PSU), mesohaline (5-18 PSU), oligohaline (0.5-5 PSU) and freshwater (<0.5 PSU) 

estuarine zones. The pH was measured by means of pH-62K APEL equipment, DO was determined by 

DO-802 APEL instruments, TSS was measured using SMEWW 2540 and TDS was checked using Water 

Quality Checker WQC-22A. The methods followed the national guidance sampling technique with ISO 

5667-1: 2006 for sampling technique and ISO 5667-3:2018 for preservation and handling of water samples 

(ISO-5667, 2018).  

Sediment samples were collected using a Ponar type grab from a small boat. The undisturbed sediment 

was subsampled by different techniques for different purposes (Application of ISO 5667-1:2006 for the 

designing of sampling programmes and sampling techniques, ISO 5667-12:2017 for sampling technique of 
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bottom sediment and ISO 5667-15:2009 for the preservation and handling of sludge and sediment samples 

(ISO-5667, 2017)). 

Sediment samples for grain size analysis were collected by means of a cut of syringe of 3 cm in diameter 

until 10 cm deep. The granulometry was analyzed by a Coulter type Mastersizer APA2000 with support 

equipment Hydro 2000G model AWA2000-Malvern. The sediment fractions were classified as sand (> 63 

µm), silt (4-63 µm) and clay (< 4 µm) (Krumbein, 1934).  

Nutrient samples (including total organic carbon (TOC), total phosphorus (TP), total nitrogen (TN), 

ammonium (NH4
+), nitrate (NO3

-)) were collected by means of a core with 6 cm diameter pushed in the 

sediment up to 10 cm deep and preserved at 4°C until arrival at the laboratory where they were frozen at 

minus 20°C until analysis. TOC, TN, TP content in sediment were analyzed with an Element Analyzer Flash 

2000 after lyophilization, homogenization and acidification with 1% of HCl. Then thawed and processed for 

measurements of the concentration of nitrate (NO3
-), and ammonia (NH4

+) by using an automatic chain 

(SANplus Segmented Flow Analyser, SKALAR).  

Heavy metal sediment samples were collected and kept in glass bottles for transporting to the laboratory 

(3050B method). After centrifuging and decanting, the sediment fraction was collected and kept frozen for 

analysis of heavy metals (U.S. EPA, 1996). Amounts of 0.5 g of the wet samples (exact to 0.1 mg) were 

weighted into a Teflon closed vessels followed by the addition of 6 ml sub-boiling HNO3 (d=1.42 g/ml) and 

2 ml distilled, sub-boiling HCl (d=1.19 g/ml). The vessels were then sonicated for 10-15 minutes, then 

simmered at least 12 hours at 110ºC. During the simmering, the vessels were sonicated for 5 minutes after 

every 4-hour simmering. The vessels are subsequently sonicated then ramped to 160ºC and being kept 

there for 4 hours. After cooling down to room temperature, the samples were quantitatively transferred into 

25 ml volumetric flasks and filled to the mark with deionized water. The bulk solutions are then transferred 

to 50 ml PE tubes and centrifuged at 3000 rpm for 15 minutes. The supernatant was divided into two 

separated 15 ml test tubes: one tube for archive and one tube for CV-AAS/F-AAS/ICP-MS analysis. The 

solutions were measured directly using ICP-MS method for Cr, Cu, As, Se, Cd, Pb targets; as 1 g (to the 

nearest milligram) for Hg target; and dilute 200 times prior to F-AAS measurement for Fe target. Cr, Cu, 

As, Se, Cd, Pb were analyzed by inductively coupled plasma mass spectrometry (ICPMS). Fe was analyzed 
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by flame atomic absorption spectrometry (FAAS). Hg was analyzed by cold vapor atomic absorption 

spectrometry (CV-AAS). 

For the Sulfide (H2S) analysis the top 2 cm of undisturbed sediments samples were isolated immediately 

after the grab returned to the boat and stored in 50 ml capped vials (polypropylene screw cap, conical 

bottom tubes, ISOLAB) on dry ice (Ion-selective electrode method). Once returned to the laboratory on 

shore, samples were transferred to a minus 18ºC freezer until used in laboratory tests. Sample total free 

H2S concentrations were determined following the method of Brown et al. (2011). Briefly, the sediment 

sample in the 50 ml plastic vial was mild defrosted at 4ºC then centrifuged at 3000 rpm for 5 minutes. After 

the water layer was discarded, the sediment was homogenized with stainless steel spatula. A 10 ml portion 

of the sample was transferred into another graduated plastic vial containing 10 ml of SAOB and further 

vortexed. The mixture was measured as quick as possible to avoid sulfide conversion. 

In order to analyze Methane (CH4) concentration about 10 ml of the top 2 cm of undisturbed sediment was 

rapidly taken into a tared 40 ml serum vial containing 5 ml of 0.1 N NaOH to terminate further bacterial 

activity (GC-FID method). The vial was quickly sealed with a silicone stopper to minimize potential loss of 

methane and placed on dry ice. Once returned to the laboratory on shore, samples were transferred to a 

minus 18ºC freezer until used in laboratory tests. 

THE COLLECTION AND ANALYSIS OF NEMATODE SAMPLES 

Triplicate samples per station were collected for nematode analysis. Sediment samples were taken from 

the boat with Ponar grab. The grab was subsampled with a PVC core (30 cm long, 3.5 diameter) up to 10 

cm deep in the sediment (10 cm2 surface area) and placed in a sample bottle (about 300 ml). Samples 

were fixed and preserved at the field with 7% hot neutralized formalin (60-70°C) and gently stirred.  

After transferring to the laboratory at the Department of Environmental Management and Technology-

Institute of the Tropical Biology-Vietnam, samples were washed over a 1 mm sieve to remove any big 

fractions of stone, debris and sands. Nematodes were then separated and collected by the flotation 

technique using Ludox-TM50 at a specific gravity of 1.18 g/cm3 using a 38 µm sieve (Vincx, 1996). The 

procedure was repeated three times. In order to facilitate counting of the nematodes, the samples were 

stained with 1% solution of Rose Bengal. Quantitative analysis of nematodes was done using a Stereo 

microscope. From each sample 200 individuals of nematodes were randomly picked out and gradually 
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transferred to  pure glycerin on permanent slides for taxonomic and biomass analysis following the method 

of De Grisse (1969). For those samples with less than 200 individuals, all nematodes were picked. 

Nematode specimens on the permanent slides were identified until genus level using a Leica light 

microscope at the Marine Biology lab of the Ghent university. For identification we used the pictorial keys 

of British free-living nematodes (Platt & Warwick, 1983, 1988; Warwick et al., 1998), the hand book of 

Nematoda (Schmidt-Rhaesa, 2013), the identification manual for freshwater nematode genera (Zulini, 

2010), the handbook on ecology and taxonomy of Freshwater nematodes (Abebe & Andrássy, 2006), free-

living nematodes in Vietnam (Nguyen, 2007), the NEMYS database (Bezerra et al., 2019) and recent public 

taxonomic papers.  

Those nematode specimens on permanent slides were measured for body length (L, µm) from the mouth 

to the end of the tail (excluding filiform tail) and body width (W, µm) at the largest body diameter area using 

Leica Application Suite software integrated with a Leica microscope at Marine Biology lab.  

Measuring copper concentrations in nematode body 

For this analysis, four stations in each river were chosen to determine if the internal copper content of 

nematode bodies reflects the concentrations in the sediment. In the Ba Lai estuary, we selected contrasting 

stations in terms of copper content in the sediment being the mouth station (BL1), 2 closest stations at both 

sides to the dam (BL3, BL4), and the upstream station (BL6). The respective stations in the Ham Luong 

estuary was also chosen for comparison including HL1, HL3, HL4, HL6. At each station, we picked 3 to 9 

similar-sized and shaped nematode individuals from the formaldehyde preserved samples to identify the 

internal copper concentration. Nematodes were transferred to a drop of MiliQ water on a glass slide for 

determining their body length and width under a compound microscope connected to Leica camera system. 

Nematodes were then transferred to thin silicon nitride membranes (500 nm) on a small drop of water MiliQ 

water and left to air-dry.    

The internal copper contents were determined by mean of micro X-ray fluorescence (µXRF) technique 

using the EDAX Eagle III spectrometer. This instrument employs a Rh anode tube that generates the X-

rays and a Si (Li) detector. The tube is equipped with polycapillary optics creating a focused beam. The 

spot size can be optimized for the desired resolution, with 60 µm being the default working value and 25 

µm achievable under ideal conditions. Samples were mounted in a vacuum chamber on top of an XYZ 
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motor stage, giving the instrument imaging capabilities. For the experiments, the tube is operated at 40 kV 

and 250 µA. The size of the mappings was determined based on the size of the nematodes. The samples 

were scanned through the beam with 30 µm steps size, which results in an oversampling of 2, giving a 

smoother image, with more information on the nematodes. At each point of the image, a 30 s point scan 

was performed. The points belonging to the organism are extracted from the XRF element maps using k-

means clustering. Each time a complete XRF spectrum was recorded, meaning all elements with atomic 

numbers between 11 (Na) and 92 (U) can be detected if they are present in high enough concentration.  

DATA PROCESSING AND STATISTICS ANALYSIS 

Data processing 

Based on the dam presence and the measured salinity zones (mesohaline zone and oligohaline-freshwater 

zone) we identified the following two factors for further statistical analysis. The “estuary” factor includes 2 

levels being the two estuaries Ba Lai and Ham Luong (OR dammed estuary and reference estuary). The 

second factor is indicated as “estuarine-section” and consists of 4 groups called throughout the text: 

“dammed downstream”, “dammed upstream”, “reference downstream”, “reference upstream”, with the 

following respective abbreviations “DD”, “DU”, “RD”, “RU”.  

Richness (S) is the number of genera per replicate. The Shannon diversity index (H′) (Shannon, 1948) was 

calculated according to the following formula in which pi is relative abundance of the ith genus (pi= 

abundance of genus ith / total abundance of each replicate). 

H′ = -Σ [pi * log (pi)] 

The length/width ratio (L/W ratio) was simply calculated from the obtained length and width of each 

measured individual. Nematode body shapes were classified into three groups based on L/W ratio including 

stout (L/W < 18), slender 18 < L/W < 72) and long/thin (L/W > 72) according to Schratzberger et al. (2007). 

The wet biomass of each specimen was calculated according to Andrassy’s formula (Andrassy, 1956).  

Wet biomass (µg) = L × W2/1,600,000 

The dry biomass of each specimen was estimated to be 25% of the wet biomass (Wieser, 1960)  

Dry biomass (µg) = (25* (L × W2/1,600,000))/100 

The individual biomass (IB, ug) of each estuaries-section was calculated as the mean values of all 

measured specimens. The total biomass (TB) is calculated based on individual biomasses. First, the mean 
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biomass for each genus is calculated based on their measured specimens per replicate. Then, mean IB 

values are used to calculate the generic biomass based on real abundances in each replicate. The TB are 

the sum of all generic biomasses per replicate (μg/10 cm²). 

The data on generic abundance composition and generic biomass was use for multivariate analysis. 

Univariate analysis 

The univariate data such as environmental variables, nematode abundance, diversity indices, 

morphometry, and biomass of estuarine sections are plotted in box and whisker plots as quartiles and 

median but adding mean value as a dot. The granulometry, the nematode body shapes and the internal 

copper concentration are illustrated by bar graphes. The data are mentioned in the text as the mean and 

standard deviation values.  

The Shapiro-Wilk test was used to evaluate the normal distributions, and Levene’s test was used to 

evaluate the homogeneity of variance. Data were transformed if assumptions were not met by either 

square-root or log transformation. 

A two-factor ANOVA (analysis of variance) was performed in RStudio but replaced by two-way non-

parametric PERMANOVA when the assumptions were not fulfilled in order to identify significant differences 

for these variables between estuarine-sections and estuaries. When significant differences were found 

(p<0.05), a post hoc test (Tukey HSD) was applied for pairwise comparisons between estuarine-section. 

The significant interaction effect of both factors is presented as pe&s, the significant estuary effects are 

shown as pe while ps means estuarine-section effect. The pairwise significant difference between estuarine 

sections are presented as name of groups (pDD&RD for instance) and are illustrated by different letters on 

the graphs.  

Because of multiple univariate tests, the multiple obtained p values were corrected with the Benjamini & 

Hochberg, (1995) correction method to control overall experimental type I error and type II error rate. 

Multivariate analysis 

Multivariate analysis was performed in the software PRIMER VI with the PERMANOVA add-on package. 

As no interaction effect was found, we decided to use 2 separated 1-factor designs. 

Principal Component Analysis (PCA) for multi abiotic variables was used to identify the potential 

environmental gradients present in the dataset. Data were first normalized and then a resemblance matrix 
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was built based on Euclidean distances. Subsequently, correlations between environmental variables were 

analyzed using Draftsman plots. Finally, all variables were included in the PCA analysis except TDS, Pb 

and Cr as they are highly correlation (p>0.9).  

The significant differences between groups in both multi variable environmental and nematode generic 

abundance as well as generic biomass datasets were tested by PERMANOVA. The test was based on 

log(x+1) transformed data for abiotic variables and square-root transformed data for biotic variables. 

Significant values were considered when p < 0.05. After the PERMANOVA tests, PERMDISP routines were 

performed to test for homogeneity of multivariate dispersions, indicating location differences through 

equally dispersed distance to centroids. Subsequently, pairwise comparison tests were executed to identify 

which pairs of estuarine sections were significantly different from each other. Then, the SIMPER analysis 

(SIMilarity PERcentages) allowed identifying the taxa responsible for dissimilarities between groups. 

DistLM (distance-based linear model) analysis were conducted for environmental variables with 

correlations lower than 0.9 in order to identify which environmental factors were significantly responsible 

for the variability observed at the nematode multivariate community structure. The DistLM model was 

performed using a step-wise selection procedure and adjusted R2 as selection criteria. Results from the 

DistLM was visualized using dbRDA (distance-based redundancy analysis) plots. 

Correlation analysis between nematode characteristics, between environmental variables and nematode 

variables was computed in RStudio either with Pearson or Spearman rank method (when data were not 

normal distributed). The data with significant correlation (p <0.05) were further used in multi regression 

analysis to find the best models for causal relationship between environment and community.  

Results 

ENVIRONMENTAL CHARACTERISTICS OF BA LAI AND HAM LUONG ESTUARIES 

Water environmental characteristics 

In general, in both Ba Lai and Ham Luong estuaries the average values for salinity, TDS, pH and DO were 

decreasing from the downstream to the upstream sections, whereas the opposite pattern was found for 

TSS (Fig. 3). It is noticeable that, the water environmental variables such as salinity and TDS were more 

different between both sections of the Ba Lai in comparison to the differences found between the two 

sections within the Ham Luong. 
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The average salt concentration allows to classify the DD part as mesohaline (6.37±2.74 PSU) and the DU 

section as freshwater (0.33±0.15 PSU), whereas the two sections of the Ham Luong estuary were 

characterized as mesohaline and oligohaline (5.67±0.60 and 1.93±2.22 PSU respectively) (Fig. 3A). The 

TDS in both downstream parts with an average concentration of 6220±2628.52 mg/l in DD and 

5536.67±611.34 mg/l in RD were higher than at both upstream sections with 355.33±147.02 mg/l in DU 

and 1916±2181.28 mg/l in RU (Fig. 3B). The Ba Lai estuary had in general lower DO levels than Ham 

Luong. Both downstream sides of two estuaries had on average greater DO concentrations than the 

upstream parts with 4.40±0.17 mg/l in DD and 5.23±0.71 mg/l in RD compared to values of 4.17±0.15 in 

DU and 4.40±0.35 in RU (Fig. 3D). The pH in all sections was higher than 7 pointing to an alkaline 

environment. The level of pH only fluctuated slightly with on average higher values in the downstream parts 

compared to the upstream sides in both estuaries (Fig. 3C).  From Fig. 3 (A, B, D) it can be seen that DU 

was characterized by the lowest concentrations of salinity, TDS and DO compared to all other sections. 
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Fig. 3. Box and whisker plots and mean values (.) for salinity and TDS, pH, DO and TSS in the water 

column of the estuarine sections. Letters a, b, c and d point to significant differences. 

The average TSS concentration was higher in the Ba Lai than the Ham Luong and was increasing from 

downstream to upstream sections in both estuaries with 62.63±18.38 mg/l in DD and 22.93±8.78-63.2 mg/l 

in RD compared to 101.30±24.49 mg/l in DU and 43.73±17 mg/l in RU (Fig. 3E). 

Two-way ANOVA and PERMANOVA analysis showed significant differences between the two estuaries in 

terms of DO (pe=0.037) and TSS (pe=0.034). The estuarine sections were also different in terms of salinity 

(ps=0.028, pDD&DU =0.034, pDU&RD =0.035); TDS (ps=0.028, pDD&DU=0.034, pDU&RD=0.035); pH (ps=0.035, 

pDD&RU=0.034, pRD&RU=0.048) and DO (ps=0.026). No significant interaction effect was found for any of these 

variables. 

Sediment environmental characteristics 

Grain size component  

The sediment in both estuaries was mainly characterized by silt and sand with each fraction accounting for 

about 40% the total sediment composition (Fig. 4A). While in the Ham Luong estuary the granulometric 

composition was the same at both sides, DU had on the average a higher percentage of silt (43%) than DD 

(37.9%) but a lower clay proportion. However, there was no significant difference for any of the factors. 
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Fig. 4. Bar graph on the grain size proportion and Box and whisker plots adding mean values (.) for nutrient 

concentration in sediment of estuarine sections. Letters a point to no significant differences. 

Nutrient concentrations  

The nutrient concentrations in the sediment such as TOC, TP and TN, NH4
+ and NO3

- are presented in Fig. 

4. The Ba Lai estuary showed higher average values for TP, NH4
+ and NO3

- in both estuarine sections than 

those in the Ham Luong. Generally, the average value of TP and TN were higher in the upstream sides, 

while TOC only varied slightly on average between all sections. DD contained 18738.33±7888.57 mg/kg of 

TOC and DU 16322.67±845.32 mg/kg, while TOC in RD and RU respectively had values of 

19875.33±8654.14 mg/kg and 19745.33±5153.60 mg/kg (Fig. 4B). The TP concentration in DD, DU, RD, 

RU were 1695.67±658.03, 2010.33±379.22, 1396.67±271.95, 1579.33±178.11 mg/kg respectively (Fig. 

4C). The downstream sections showed TN values of 1119.67±289.15 mg/kg in DD and 1029.00±188.80 

mg/kg in RD. These TN levels were on average increasing towards the upstream sides with 1242.67±91.88 

mg/kg in DU and 1443.33±89.79 mg/kg in RU (Fig. 4D). NH4
+ reached greater average values in DU 

(110.37±123.64 mg/kg) than in DD (99.80±44.30 mg/kg), while much lower average values were found in 

RU (2.94±0.53 mg/kg) and in RU (4.52±3.20 mg/kg) (Fig. 4E). NO3
- showed opposite trends for both 

estuaries (Fig. 4F), since it was on average lower in DU (13.40±3.51 mg/kg) compared to DD (27.53±16.41 
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mg/kg), but it was slightly higher in RU (7.92±3.35 mg/kg) than in RD (6.25±4.45 mg/kg). Despite these 

observed trends, there are no significant differences between the groups found. 

Heavy metal concentration 

The heavy metal concentrations in sediment are shown in Fig. 5. The concentration of heavy metal in the 

Ba Lai estuary were on average higher than those in the Ham Luong. In addition, they were all higher in 

DU compared to DD. The average amount of heavy metals in DU were for Fe 49202.73 ug/g (Fig. 5A), for 

Cu 29.65 ug/g (Fig. 5B), for Cr 47.63 ug/g (Fig. 5C), for Hg 0.11 ug/g (Fig. 5D), for Se 0.34 ug/g (Fig. 5E), 

for Pb 48.84 ug/g (Fig. 5F), for As 12.11 ug/g (Fig. 5G), and for Cd 0.23 ug/g (Fig. 5H). The same trend 

was found in the Ham Luong although with smaller variation, except for Pb, As and Cd which showed 

slightly lower average values in the RU part. Two-way ANOVA analysis showed significant differences 

between two estuaries in the amount of Pb (pe=0.035) and Hg (pe=0.035). The dam had a significant effect 

on the concentration of Hg (ps=0.034) and the Tukey HSD pairwise comparison showed differences 

between DD and DU (pDD&DU=0.0485), and between DU and RD (pDU&RD=0.0439).  
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Fig. 5. Box and whisker plots and mean values (.) for heavy metal, CH4 and H2S concentration in sediment 

of the estuarine sections. Letters a and b point to significant differences. 

CH4 and H2S concentration  

H2S levels were on average higher in Ba Lai than in Ham Luong. The DU showed on average higher values 

than the DD part respectively with values of 3.60±3.75 and 4.43±3.94 ug/g, while both sections in Ham 

Luong varied less with 0.55±0.62 ug/g and 0.74±0.98 ug/g in RD and RU respectively (Fig. 5I). At station 

level, the highest level of H2S was observed in BL4 (8.58 ug/g) and BL3 (7.67 ug/g) which are the two 

nearest sites to the Ba Lai dam. The CH4 concentration was also on average higher in the Ba Lai than in 

Ham Luong. However, at DD the CH4 concentration was on average 2028.78 ug/g which was almost 10 

times higher than in DU (212.76 ug/g) while RU (1428.28 ug/g) contained much higher average values of 

CH4 than RD (23.98 ppm) in Ham Luong (Fig. 5J). Nevertheless, within the Ba Lai estuary, the highest 

concentration of CH4 was found in station BL3 (5975.56 ug/g) that resulted in much higher amounts of this 
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gas in DD on the average. Also, BL4 showed the second highest level (418.33 ug/g). These two stations 

are closest to the dam at both sides. In Ham Luong the highest average values were present in the stations 

HL6 and HL5 of the upstream part. However, no statistically significant difference was found for both H2S 

and CH4 concentrations by two-way ANOVA or PERMANOVA analysis. 

Principal components analysis (PCA) 

Results from the PCA based on normalized environmental variables for all stations of both estuaries 

showed that PC1 is the most important axis which explained 34.8 % of the variation in the data, while axis 

2 explained 17.6 %.  It is noticeable that stations from Ham Luong but also Ba Lai’s stations close to the 

mouth (BL1 and BL2) are mainly at one side of axis 1 related to higher values for salinity, DO and clay. 

Whereas, station BL3 and the DU section of the Ba Lai estuary are characterized by higher concentrations 

of heavy metal (Cu, Fe, Hg, Cd, Se, As), nutrients and higher values for CH4, H2S, TSS and silt (Fig. 6). 

 

Fig. 6. The principal component analysis of environmental variables for all stations of estuarine sections. 

Es: estuarine-section. 

The PERMANOVA analysis of multi environmental variables based on the log(x+1) data showed significant 

differences between the two estuaries (pe=0.0251), and between the estuarine sections (ps=0.0309). 

However, there was no significant interaction effect.  
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NEMATODE ASSEMBLAGES IN BA LAI AND HAM LUONG ESTUARIES 

Structure of nematode communities in Ba Lai and Ham Luong estuaries 

Density of nematode communities in Ba Lai and Ham Luong estuaries 

The total nematode densities varied between 48±42 and 435±150 ind./10 cm2. The Ba Lai estuary showed 

lower nematode densities ranging from 48±42 to 336±168 ind./10 cm2 while those in Ham Luong estuary 

varied between 61±15 and 435±150 ind./10 cm2 (Fig. 7). Both estuaries had very low number of individuals 

at the middle part (station 3 and 4), especially in BL4 only 48 ind./10 cm2 were counted. Comparing the 

nematode density between the four estuarine sections, DU had on average (111±76 ind./10 cm2) a lower 

density compared to DD (218±138 ind./10 cm2), while the opposite pattern was found for Ham Luong with 

RU showing on average 248±195 ind./10 cm2 compared to the lower average density at RD (139±109 

ind./10 cm2). Non-parametric two-factors PERMANOVA analysis showed a significant interaction effect of 

both estuary and estuarine-section on the densities of nematode communities (pe&s= 0.0466).  

 

Fig. 7. Box and whisker plots and mean values (.) for nematode densities of the estuarine sections. Letters 

a, b, c and d point to significant differences. 

Composition of nematode communities in Ba Lai and Ham Luong estuaries 

The nematode communities consisted of taxa belonging to both classes Enoplea and Chromadorea. In 

total, 144 genera belonging to 51 families and representing 11 orders were identified. The total number of 

nematode genera in the Ba Lai estuary was double those found in the Ham Luong estuary, with 129 (47 

families, 11 orders) and 57 genera (29 families, 9 orders) respectively. Orders included Enoplida, 

Triplonchida, Dorylaimida, Mononchida, Chromadorida, Desmodora, Desmoscolecida, Araeolaimida, 

Monhysterida, Plectida and Rhabditida. Of all those, there were only nine orders occurring in Ham Luong 
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(all except Desmoscolecida and Rhabditida). The total number of genera in DD, DU, RD, RU are 125, 33, 

45 and 77 genera respectively. 

In general, Parodontophora, Theristus, Daptonema, Terschellingia, Sphaerotheristus, Viscosia were the 

most abundant genera (representing more than 4% of the total abundance) and they contributed for 67.48% 

to the total density of both estuaries together. Parodontophora, Theristus and Daptonema were the 3 

outermost common genera contributing 32.70%, 12.67%, 8.36% respectively.   

Two-way PERMANOVA analysis based on abundance of generic nematode composition showed 

significant effects of both factors (pe=0.0003, ps=0.0001). Pairwise comparisons showed that all estuarine 

sections are significantly different: DD&DU (pDD&DU=0.0001), DD&RD (pDD&RD=0.0002), DD&RU 

(pDD&RU=0.0001), DU&RD (pDU&RD=0.0003), DU&RU (pDU&RU=0.0039), RD&RU (pRD&RU=0.0001). 

SIMPER analysis resulted in a percentage of dissimilarity between groups ranging from 61.45 to 71.76%. 

The most important genera that are responsible for more than 50% of differences in abundance between 

groups are shown in appendix 1. Parodontophora and Theristus were two major genera responsible for the 

differences in community composition in terms of abundances between the two estuaries and among 

estuarine-sections.  

While Ham Luong was characterized by the same groups of common genera as the two estuaries together 

contributing 71.18% of total relative abundance, the dominant groups in Ba Lai included Parodontophora, 

Theristus, Terschellingia, Daptonema, Rhabdolaimus and Pseudochromadora making 53.9% of the total 

relative abundance. Although their high number, the relative abundance of Parodontophora and 

Daptonema in Ham Luong was almost one and a half times higher than those in Ba Lai. 

The most abundant genera in each estuarine section is shown in Fig. 8 (left). Parodontophora was the most 

dominant genus which contributed with more than 26% to the total community in DD, RD and RU whereas 

in DU Theristus was the most abundant genus (26.78%) with a relative abundance which was twice as high 

than that of Parodontophora (13.96%). Theristus and Terschellingia were present with higher percentage 

in the upstream parts, especially in the DU section of Ba Lai. Parodontophora, nevertheless, was found 

more abundant in the downstream sections, especially in DD where Parodontophora was twice as abundant 

compared to the DU. 
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Fig. 8. The Percentage of the eight most abundant genera for densities (left) and for biomass (right) in each 

“estuarine section” (DD, DU, RD and RU) as identified based on SIMPER analysis.  

Diversity of nematode communities in Ba Lai and Ham Luong estuaries 

The average richness (S) varied between 7±4 and 45±4 genera in both estuaries, but this index was on 

average much higher in Ba Lai ranging from 13±2 to 45±4 genera compared to Ham Luong ranging only 

between 7±4 and 16±6 number of genera. The richness was more variable in Ba Lai with DU having more 

than 2 times lower number of genera (14) compared to DD (35). In Ham Luong richness was less fluctuating 

between the two parts with 15 and 12 genera respectively in RD and RU (Fig. 9A). 

    

Fig. 9. Box and whisker plots and mean values (.) for the richness (A) and Shannon-Wiener index (B) of 

nematode community of estuarine sections. Letters a, b and c point to significant differences.  

Two-way ANOVA on richness followed by a pairwise comparison analysis showed a significant interaction 

effect (pe&s=0.0323) with significant differences between DD&DU (pDD&DU=0.00011), DD&RD 

(pDD&RD=0.000259), DD&RU (pDD&RU=0.0000025). 

The Shannon-Wiener diversity (H’) was ranging from 1.19±0.38 to 3.03±0.16. A higher average H’ index 

value was found in Ba Lai compared to Ham Luong (PERMANOVA, pe=0.0015) and average H’ values in 

both upstream sections were lower than those in the downstream parts (PERMANOVA, ps=0.0026). 
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However, no significant interaction effect was found. DU had lower average H’ values than DD 

(PERMANOVA, pDD&DU=0.0141) while the H’ index seemed to respond the same between both parts of 

Ham Luong (Fig. 9B). The PERMANOVA analysis also showed significant differences between DD and two 

sides in Ham Luong with pDD&RD=0.0065 and pDD&RU=0.0025. 

Morphometry and biomass of nematode communities in Ba Lai and Ham Luong estuaries 

The distribution of nematode body length, body width, L/W ratio, IB and TB of the different estuarine 

sections are shown in Fig. 10. 

Body length  

The nematode lengths ranged from 212.51 to 3059.74 µm in Ba Lai and from 202.57 to 3627.12 µm in Ham 

Luong. While the arithmetic mean length (mL) was shorter in Ba Lai (773.4 µm) than in Ham Luong (820.91 

µm). Nematode individuals in DU had the narrowest length varying from 220.61 to 2286.9 µm. Comparing 

the mL in estuarine sections, nematodes from DD (mL of 749.32 µm) were shorter than those at DU (809.55 

µm), but those from RD (884.35 µm) were longer than those of RU (753.44 µm) (Fig. 10A). Two-way 

ANOVA analysis showed a significant interaction effect on nematode length (pe&s=0.0257). Significant 

different groups are DD&RD (pDD&RD=0.0241) and RD&RU (pRD&RU=0.0466).  

Body width 

Nematodes in the Ba Lai seems to be fatter as their arithmetic mean width (mW) was 25.68 µm compared 

to the Ham Luong’ nematodes with a mW of 14.10 µm (two-way ANOVA, pe=0.000000007). The range of 

body width did not change much among different parts of estuaries while the mW was slightly lower in both 

DU and RU (Fig. 10B).  

Individual biomass (IB) and total biomass (TB) 

The IB was higher in nematodes from Ba Lai ranging from 0.0031 to 3.20 µg compared to those from Ham 

Luong varying between 0.0001 and 1.93 µg. This resulted in much higher mean IB in Ba Lai (0.13 µg) than 

that in Ham Luong (0.04 µg). A two-way ANOVA test confirmed significant differences between the two 

estuaries (pe=0.000023). The IB seemed to be less variation between sections within each estuary (Fig. 

10C). The TB per station was greatly higher in Ba Lai (mean TB was 27.22 ranging from 7.98 to 50.82 

µg/10 cm2) than Ham Luong (15.27, 3.24-35.31 µg/10 cm2). Within each estuary TB of nematode 
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communities was greater in the RU, the lower TB was recorded in the DD (Fig. 10D). Two-way ANOVA 

indicated a significant interaction effect of estuary and estuarine-section factors on the total nematode 

biomass (pe&s=0.0224). There was a significant difference between DD and RD (ps=0.0224, 

pDD&RD=0.0178). 

  

  

 

Fig. 10. Box and whisker plots and mean values (.) for the body length, body width, ratio L/W and biomass 

of nematode community in estuarine sections. Letters a and b point to significant differences. 

Length/Width ratio (L/W ratio) 

The L/W ratio was much lower in Ba Lai ranging between 7.97 to 107.47 compared to those in Ham Luong 

(14.44-326.10). This was also reflected in the arithmetic mean ratio L/W which is more than twice as low in 

Ba Lai (30.57) than in Ham Luong (69.05). PERMANOVA analysis confirmed a significant difference for the 

mean ratio between the two estuaries (pe=0.00192). The mean L/W ratio was also higher in the upstream 

part of both estuaries (Fig. 10E) although no significant effect of the estuarine-section was found.  
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Nematode body shape and frequency distribution of L/W ratio 

Slender nematodes were the most dominant group in both estuaries (Fig. 11A). However, its proportion is 

much higher in Ba Lai with most of the nematode representing this group (96.4%) compared to Ham Luong 

(67.6%) (PERMANOVA, pe=0.0364). In Ham Luong long/thin nematodes (32.4%) was the second most 

dominant while Ba Lai also has a small proportion of stout nematodes (3.1%) which is missing in Ham 

Luong. Within Ba Lai estuary, nevertheless, these stout nematodes were fewer in DU where stout 

nematodes only accounted for 1.56% compared to 4.15% in DD. 

  

 
 

Fig. 11. The proportion of three types of nematode body shapes and frequency distribution of L/W ratio for 

all measuring individuals, dominant genera and Parodontophora in estuarine sections. 

The frequency distribution of the L/W ratio also confirmed the same pattern with most nematodes 

possessing a slender body shape. There were more slender nematodes in Ba Lai and more long/thin 

nematodes in Ham Luong. Whereas stout nematodes were present only in DD with a very small proportion. 

It can be seen from the fig. 11B that most slender nematode in Ba Lai have a ratio about 18-40 (80% of the 

total number) while the slender nematodes in Ham Luong had a higher ratio from 40-72 (50%). The DU 

was characterized by highest peak of frequency distribution of slender nematode than the other sections. 

Furthermore, frequency distribution of L/W ratio of the dominant genera only including Parodontophora, 
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Theristus, Terschellingia, Daptonema, Viscosia and Sphaerotheristus were different between estuaries but 

showing a similar pattern in both sections within each estuary (Fig. 11C). However, the L/W ratio of 

Parodontophora exhibited the same pattern in both estuaries (Fig. 11D). 

Generic Biomass of nematode communities 

Multivariate analysis by two-way PERMANOVA analysis based on nematode generic biomass showed 

significant effects of both factors (pe=0.0001, ps=0.0001). Pairwise comparisons showed that all estuarine 

sections of both estuaries are significantly different: DD&DU (pDD&DU =0.0001), DD&RD (pDD&RD=0.0001), 

DD&RU (pDD&RU=0.0002), DU&RD (pDU&RD=0.0003), DU&RU (pDU&RU=0.0093), RD&RU (pRD&RU=0.0007).  

The most important genera that are responsible for more than 50% of differences in terms of generic 

biomass between groups are shown in appendix 2. Parodontophora and Theristus, Viscosia and 

Terschellingia were the main contributors to the dissimilarity in composition biomass of both estuaries and 

estuarine-sections. Parodontophora was dominant in all estuarine sections except the DU where Theristus 

and Terschellingia were the most important groups. Other groups such as Pseudochromadora, Sabatieria, 

Viscosia, Trissonchulus, Daptonema and Viscosia were important for biomass of nematode communities 

in DD, RD, RU respectively (Fig. 8 (right)). The biomass of Theristus was higher in the upstream parts 

compared to the downstream ones especially in the DU. The biomass of Parodontophora was just slightly 

fluctuating between the upstream and downstream sections although its density was remarkably higher in 

both downstream sections, especially in the DD where Parodontophora was twice as high in number 

compared to the DU.  

CORRELATION BETWEEN THE CHARACTERISTICS OF NEMATODE COMMUNITY, AND BETWEEN 

ENVIRONMENTAL VARIABLES AND NEMATODES FEATURES 

Relationships between the characteristics of nematode community 

Significant correlations among descriptive variables for the nematode community are shown in table 1 (with 

r and p values). Nematode densities had a positive correlation with richness, TB and the percentage (%) of 

long/thin nematodes. Richness was positively correlated with the H’ index. Richness and the H’ index had 

a negative correlation with the L/W ratio but a positive correlation with body width, IB, TB and the % of 

slender nematodes. In addition, richness positively correlated with the % of stout nematodes while the H’ 
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index negatively correlated with the % of long/thin nematodes. The nematode length showed a positive 

response to L/W ratio. While nematode width was negatively correlated with L/W ratio and the % of long/thin 

nematodes but positively correlated with IB, TB and % stout nematodes. There was a negative correlation 

between L/W ratio and IB, TB, % slender and % stout nematodes while this ratio showed a positive 

correlation with the % long/thin nematodes. 

Table 1.  Significant correlations between characteristics of nematode community from 12 stations of Ba 

Lai and Ham Luong estuaries. 

  S H’ mW mL/W IB TB long/thin slender stout 

N  
r 0.371         0.694 0.771     

p 0.026         2.66E-06 3.74E-08     

S  

r   0.772 0.480 -0.499 0.398 0.578   0.564 0.664 

p   

3.41E-

08 
0.003 0.002 0.016 0.0002 

  
0.0003 1.00E-05 

H’  
r     0.560 -0.439 0.558 0.336 -0.348 0.510   

p     0.0004 0.007 0.0004 0.045 0.03747 0.001   

mL  
r       0.359           

p       0.032           

mW  

r       -0.850 0.897 0.533 -0.828   0.824 

p       

3.15E-

08 
1.36E-13 0.0008 4.50E-10 

  
6.89E-10 

mL/W  
r         -0.676 -0.501 0.795 -0.435 -0.804 

p         6.04E-06 0.002 7.26E-09 0.008 3.43E-09 

IB  
r           0.558 -0.748   0.674 

p           0.0004 1.61E-07   6.63E-06 

TB  
r              -0.362  0.726 0.641 

p              0.03  5.54E-07 2.57E-05 

long/thin  
r               -0.687 

p               3.65E-06 

slender  
r               0.571 

p               0.0003 

Correlation between characteristics of nematode communities and environmental variables 

Significant correlations between nematode characteristics and environmental variables are presented in 

table 2. Nematode generic richness was positively correlated with pH but negatively correlated with silt. 

The H’ index showed a positive correlation with pH and Nitrate. Nematode body width showed a positive 

correlation with TSS, NH4
+ and NO3

-. The L/W ratio decreases when TSS and NH4
+ in sediment increase. 
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The IB was positively correlated to nutrients (NH4
+, NO3

- and TP) and heavy metals (Pb and Fe) as well as 

H2S. The TB showed a negatively correlation with silt.  

There was a negative correlation between the % of long/thin nematodes and concentrations of NH4
+, Fe 

and Pb, while % slender nematodes were negatively affected by silt content; and % of stout nematodes 

showed a positive correlation with NH4
+, NO3

- and Se.  

Table 2. Significant correlations between environmental variables and nematode communities’ 

characteristics from 12 stations of Ba Lai and Ham Luong estuaries. 

  
S H' mW mL/W IB TB long/thin slender stout 

pH 
r 0.753 0.707               

p 0.005 0.010               

TSS 
r     0.643 -0.583           

p     0.024 0.046           

Silt 
r -0.736          -0.599   -0.584   

p  0.006          0.04    0.046   

NH4
+ 

r     0.897 -0.807 0.805  -0.916   0.770 

p     0.000 0.002 0.002   0.000   0.003 

NO3
- 

r   0.695 0.650   0.644      0.814 

p   0.012 0.022   0.024      0.001 

TP 
r         0.658         

p         0.020         

Fe r         0.584   -0.611     

p         0.046    0.035     

Pb r         0.640   -0.678     

p         0.025    0.015     

Se r                 0.673 

p                 0.016 

H2S 
r         0.580         

p         0.048         

DISTLM analysis for multi variables showed that Hg (p=0.0204), NO3
- (p= 0.019) and Fe (p= 0.0348) were 

best correlated with the observed distribution patterns of generic abundance, explaining for 49% of the 

variation. The dbRDA graph illustrates the lack of obvious differences between the four parts (Fig. 12 (left)). 

Axis 1 explains 32% of the variation and axis 2 explains 19.6 % of the variation.  

In terms of biomass, a sequential test in DISTLM analysis indicates that NO3
- (p= 0.0115) and salinity (p= 

0.0139) together explain 30.6 % the variation among communities; they are best correlated with the 

observed distribution patterns based on generic biomass. The dbRDA plot on the generic biomass showed 
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clearer difference between DD and DU section in Ba Lai. Both axis 1 and axis 2 are equally important with 

each explaining about 20% of the variation. In addition, salinity and NO3
- seem to be responsible for the 

variation in generic biomass of the nematode community in DD while the H2S and TSS are the main factors 

driving the nematode community in DU (Fig. 12 (right)). 

  

Fig. 12. The dbRDA plot on the correlation between nematode generic composition on abundance (left) 

and biomass (right) with environment variables for all stations of estuarine sections. Es: estuarine-section. 

The regression analysis of the correlation 

There is a strongly negative interaction effect of both TSS and NH4
+ on the L/W ratio of nematode 

communities (Fig. 13 (left)) with the regression equations of the model as below: 

logL/W = 4.522 - 0.0096*TSS - 0.01*NH4 + 0.000086*TSS* NH4
+

 ((R2=0.7066, p= 0.01594) 

  

Fig. 13. The scatter plot for the correlation between L/W ratio and TSS & NH4
+ (left); and for the correlation 

between IB and NH4
+ & H2S (right).  
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Additionally, the increase in NH4
+ and H2S concentration could result in the increase of the individual 

biomass (Fig. 13 (right)). The regression equations of the model as bellow: 

IB=0.041+ 0.00042* NH4
+ + 0.0124*H2S (R2=0.8502, p= 0.0001947) 

COPPER CONCENTRATION IN NEMATODE BODIES IN RELATION TO SEDIMENT 

The element intensity of an individual nematode from BL1 as an example and the average concentration 

of copper in both sediment and nematodes are shown in the Fig. 14. The average concentration of copper 

in sediment (Cu (env)) from the investigated stations was higher in Ba Lai (23.79±12.65 µg/g) than in Ham 

Luong (15.34±9.12 µg/g). The upstream sections contained higher level of copper, especially DU with 29.52 

µg/g copper which is about double the level of most other parts including DD (18.065±18.3 µg/g), RD 

(13.88±12.8 µg/g), RU (16.80±8.78 µg/g). A PERMANOVA test showed significant effect of estuary factor 

(pe= 0.0105) and estuarine-section factor (ps=0.0150) on the copper concentrations in the sediment.  

  

Fig. 14. The element intensity of one individual nematode from BL1 (left); and the average concentration 

of copper in sediment and internal nematode body of estuarine sections (right).  

Inside the nematodes body the Cu concentration (Cu (nema)) was also highest in DU with 98.14±48.45 

µg/g while the lowest level was found in DD with 30.49±25.95 ug/g. The Cu concentration in Ham Luong 

showed less variation between the two parts with 85.90±59.56 ug/g and 76.9±23.71 ug/g in RD and RU 

respectively. Two-way ANOVA showed the interaction effect of both estuary and estuarine-section on 

copper concentration inside the nematodes (Pe&s=0.00133) and a estuarine-section effect (ps=0.00045), 

different groups are found by pairwise comparison including DD&DU (pDD&DU=0.00064), DD&RD 

(pDD&RD=0.00057) and DD&RU (pDD&RU=0.00057). 
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So, the higher copper concentration inside nematodes was found in the area with higher copper levels in 

the sediment namely DU. However, no statistically significant correlation was found between external and 

internal copper concentration. 

Discussion  

ENVIRONMENTAL CHARACTERISTIC RELATED TO THE DAM EFFECTS 

In the water column, we found significant differences between the Ba Lai and the Ham Luong estuary in 

terms of DO and TSS. Furthermore, the downstream part of the Ba Lai showed significantly lower values 

than the upstream not only in terms of salinity, but also for TDS, pH and DO. These differences may indicate 

there is disturbance of the natural variation in the dammed Ba Lai estuary. Indeed changing the natural 

variation in the physicochemical gradients of the water column along the estuary is probably the most 

obvious impact by dam construction (Ngo et al., 2016; Smol et al., 1994, Tiemann & Gillette, 2004,Wu et 

al., 2009). 

Comparing information from previous studies in the same area, we noticed that the salinity concentration 

from 4 intertidal stations in the Ba Lai and the Ham Luong estuaries was greater in the same season (Dry 

season) of 2009 than in 2017 as shown in the present study (Ngo et al., 2016, 2013). Salinity was in the 

polyhaline range downstream and reached oligohaline values in the upstream side. Tran et al., (2018a) 

recorded that salinity varied between oligohaline in the downstream part and freshwater for the upstream 

side in the rainy season of the intertidal area along the Ba Lai estuary. However, we found a larger salinity 

variation in the dammed Ba Lai estuary, particularly downstream was classified as mesohaline and 

significantly differed from upstream which was identified as freshwater, while the Ham Luong estuary had 

a narrower salinity range being mesohaline in downstream and oligohaline in upstream. It has been known  

that salinity fluctuates by time even during the day under the influence of the tidal regime, rain fall and 

evaporation (McLusky & Elliott, 2001) as well as the volume of water discharged through the barrages 

(Nicholas et al., 1992). Since the samples were taken at different times of the day it may also result in 

different salinity values.  

The pH and DO showed a declining trend along the salinity gradient similar as in the report of Ngo et al. 

(2016). DO was significantly lower in Ba Lai compared to Ham Luong and significantly differed between the 

upstream and the downstream sides. The level of DO in the dammed estuary is also lower than in other 
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dam-free branches of the Mekong estuarine system (Ngo et al., 2016).  This contrasted with the observation 

in the low-head dammed Midwestern River in North America where DO did not vary significantly (Tiemann 

& Gillette, 2004). The observed alkaline environment (pH>7) along both estuaries however is similar to the 

results from Ngo et al. (2013&2016). These levels are still well within the environmentally accepted range 

according to the Water Quality Guidelines for the Protection of Human Health and Aquatic Life (pH=6-9) of 

the Mekong River Commission (MRCS, 2019).  

The TDS concentration followed the same trend as that of salinity which was significantly lower in the 

upstream parts especially in Ba Lai. This result is similar to the TDS gradient in the dam-free Thamirabarani 

estuary in India where TDS was higher in brackish water at the mouth stations compared to the freshwater 

part (Gaspar & Lakshman, 2014). However, Ngo et al. (2012) found 15 times higher value for TDS 

concentrations in the dry season of 2009 (6,310-1,531 mg/l) and an adverse trend was shown with 

increasing TDS concentrations from downstream to upstream (Ngo, 2012, appendix 1). The TSS 

concentration was significantly higher in Ba Lai than in Ham Luong with the upstream part containing the 

highest values. The level of TSS in Ba Lai, especially in upstream, was 1.5 times higher than that of the 

Mekong River system in the dry season of 2017 (61.4 mg/l) and more than twice as much of the Bassac 

River (47 mg/l) - one of the two main tributaries of the Mekong River delta (MRCS, 2019). The Ham Luong 

estuary, however, had lower TSS concentrations compared to all these recorded values. According to 

Youcef & Amira, (2017), TSS was about 2-2.5 times higher above the Koudiat Acerdoune dam of  the Isser 

river and above the Tilesdit dam of the Soummam river in Algeria than below these dams. The amount of 

TSS and TDS were trapped above the dams and therefore reduced the downstream parts (Bougdah & 

Amira, 2017; Youcef & Amira, 2017) that are similar as our observations. TDS consists of inorganic salts 

and small amounts of organic matter, metals, cations or anions dissolved in water (Gaspar & Lakshman, 

2014) and available for biochemical processes in the water body.  

Other physical factors in the water column such as flow velocity, water depth, and channel width have also 

been reported to be significantly different between the downstream and upstream sections after a dam 

construction in the Xiangxi River of China (Wu et al., 2009). However, for the Ba Lai no information is 

available on these characteristics. 
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Granulometry is an important environmental factor since it drives the biogeochemical habitat of the benthic 

biota. We found that the sediment was comparatively homogeneous in all sections of both estuaries 

although the silt component was slightly higher in the dammed upstream part. Grain size of the intertidal 

zone of the Mekong estuaries showed a declining trend along the salinity gradient; while it was 

characterized by mainly sand at the mouth stations and it was  replaced by silt and a small rate of clay 

content upstream (Ngo et al., 2016, 2013). In our study of the subtidal area of both Ba Lai and Ham Luong 

estuaries the sediment was mainly represented by silt and sand and a small portion of clay in all parts. This 

is contrasting with sedimentary composition in the large semi dammed Oosterschelde estuary where the 

subtidal area is mainly characterized by fine and medium sand while fine sand was the main component in 

the intertidal area (Smol et al., 1994).  

Our finding is unexpected as many studies indicated the important consequence of damming in changing 

sediment composition and altering the benthic biogeochemical processes in the river-estuaries. The low-

head dam in Midwestern River of North America have been documented as the responsible factor for the 

lower proportion of sand, silt/clay content in the downstream sites compared to reference sites and 

upstream sites (Tiemann & Gillette, 2004). In the Elbe river near Pardubice - Czech Republic, the sediment 

consisted of gravel, whereas upstream of the weirs sediment was dominated by sandy silt and clay (Georg 

et al., 2010). Dam construction blocks the flow and reduces the suspension load into the downstream parts 

of a river. The sediment and organic content that are normally carried forward to the sea by the flowing 

water is held back above the dam, sinking to the bottom and spreading on the banks of the reservoir. As a 

consequence, these processes might lead to organic pollution upstream and disturb the habitats in both 

downstream and upstream parts of the dammed estuary (Lin, 2011).  

The Ba Lai estuary contained on the average higher nutrient concentrations (TP, NH4
+ and NO3

-) than the 

Ham Luong while an opposite trend was observed for TOC and TN. Although no statistically significant 

differences were found in terms of nutrient concentration, the dammed upstream seemed to be enriched to 

some extent as it showed the higher average amounts of TP, NH4
+ and TN than dammed downstream. 

NH4
+ and NO3

- concentration were also enriched in the dammed estuary compared to other dam-free 

estuaries in the Mekong estuarine system (Ngo et al., 2016, 2013). These authors observed greater content 

of NH4
+ and NO3

- in the upstream parts, while our result showed that the upstream of the Ba Lai contained 
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higher NH4
+ but lower NO3

- levels though not significant. Similar as in our study the small run-of-river dam 

in the Xiangxi River - China, also did not show a significant effect on the biochemical factors such as NH4+ 

and TN (Wu et al., 2009). 

The quantity and quality of nutrient contents depend on the complex mineralization processes and nutrient 

cycles associated with the biogeochemical state of the sediment. The organic matter bounded nitrogen 

accumulates in the sediment where it is either buried permanently or passed through decomposition 

processes releasing NH4+. In aerobic conditions, nitrification will take place and oxidizes NH4
+ to NO3

-. 

Then the denitrification process converts them back to N2 and N2O in anaerobic conditions (Wildi, 2010). 

This means that NH4
+ concentration increases associated with the depletion of DO concentration when 

large amounts of organic matter are available (Caffrey et al., 1993). This may explain the lower DO and the 

higher average NH4
+ levels formed in the Ba Lai estuary. The lowest oxygen concentration was found in 

the dammed upstream part where decomposition processes took place to generate highest concentrations 

of NH4
+ resulting in a lower amount of TOC due to oxidation as they have been used as input materials for 

bacterial decomposition. The higher level of DO in both sides of the Ham Luong may indicate that 

processing of NH4
+ to NO3

-/NO2
- took place. This is a possible reason for the low NH4

+ found in Ham Luong.  

In a natural estuary, particulate matter, organic substances are trapped within the sediment (Wildi, 2010). 

By specific physical and chemical conditions within the sediments and in the water column nutrients 

contents may be remobilized and contribute to primary production if the sufficient light is available. Then 

they return to the food chain by organismal uptake (including nematode), or by sediment erosion, or through 

infiltration of interstitial water from the sediment to the groundwater (Wildi, 2010). In the dammed river-

estuary, the higher sediment volume together with the elevated nutrient concentrations and contaminants 

are trapped above the dam resulting in a slower remobilization process. Hence, contaminants can persist 

in these sediments for a long time and cause pollution and toxic effects on both residents and migrant 

species.  

The contamination of heavy metals reaches highest levels in the Ba Lai estuary, especially most prominent 

in upstream side. However, significant differences were found only for the concentration of Pb and Hg 

between both estuaries and between the sections DU&DD and DD&RD. Heavy metal concentrations, 

however, are still within the limits set by Vietnamese and international regulations on sediment quality 
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except for the amount of Fe which was extremely high in all parts (>30000 mg/kg) (Burton, 2002; 

Vietnamese Ministry of Natural Resources and Environment, 2017). Nevertheless, As Pb, Cr, Cu are higher 

than the lowest effect level (the lowest level of heavy metal can cause negative effect for benthic life but 

rarely occur) in sediment according to the report of Burton (2002) (Table 3). The concentrations of Cu and 

Hg in dammed upstream, on the other hand, were higher than in the natural reserve part of the protected 

Can Gio mangrove forests (Table 3) in the southern part of Vietnam (Phuong et al., 2011). The maximum 

concentration of Fe in upstream part of the Ba Lai (49,202 mg/kg) was also  much higher compared to its 

highest level in the Swartkops estuary in South Africa (31,232 mg/kg) (Gyedu-Ababio et al., 1999). 

Table 3. The maximum concentrations of heavy metals found in dammed upstream in comparison with 

Midrange effect sediment quality of Vietnam and international technical regulation and the lowest effect 

level of heavy metal on sediment quality of the Canada Ministry of Environment Screening Level Guidelines 

and from nature reserve area in the Can Gio mangrove forest. 

Heavy metal 

   (mg/kg) 

Dammed upstream 

Present study 

Midrange effect  

(Burton, 2002;  

VMNRE, 2017)  

Lowest effect level 

(Burton, 2002) 

Can Gio Mangrove 

forest 

(Phuong et al., 2011) 

Asen (As) 12.11 17 - 41.6 6 10.2 - 11.4 

Cadimi (Cd) 0.23 3.5 - 4.2 0.6 - 

Lead (Pb) 48.84 91.3 - 112 31 15.65 - 59.6 

Mercury (Hg) 0.11 0.5 - 0.7 0.2 0.040 - 0.048 

Crom (Cr) 47.63 90 - 160 26 64.28 - 70.83 

Copper (Cu) 29.65 108 - 197 16 20.83 - 23.53 

Iron (Fe) 49203  20000 -  

Selenium (Se) 0.34    

Similar to the organic contaminants, heavy metals also are adsorbed by particulates such as TSS and in 

this way they can settle down in the sediment where they are also remobilized into the food chain (Wildi, 

2010). The barrier created by the dam enhances the accumulation of contaminants especially in the 

upstream area. According to Justrich et al., (2006), contaminants are mainly adsorbed onto the fine fraction 

(silt/clay) and suspensions forming particle which settle down in sediment resulting higher contaminants in 

upstream. 

The concentration of H2S and methane CH4 gases showed large variations between the two estuaries and 

within each estuary. The average H2S values were higher in the Ba Lai than in the Ham Luong, although 

not statistically supported. According to Mitterer et al., (2014), the high organic load in an oxygen depleted 
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environment will lead to  anoxic conditions which on their turn will lead to the reduction of sulfate followed 

by the generation of methane. The co‐occurrence in high concentrations of these two gasses in low DO 

conditions also has been noted in sediments of Florida Bay and Mono Lake, California (Mitterer et al., 

2014), which is similar to the case of the dammed downstream where high levels of both H2S and CH4 were 

recorded. The authors assumed that the co-production of these reduced gases is due to the presence of 

noncompetitive substrates for the two types of microbes. Regarding the dam effect, Lin (2011) reported that 

organic waste including plant material from the upstream and riverine area are retained behind the dam 

resulting in the decomposition of the carbon-rich material. The decaying material settles to the anoxic 

sediment near the dam and is decomposed where dissolved methane (CH4) is released due to 

methanogenesis processes by microbes reducing the organic matter content anaerobically.  

In summary, the dam resulted in lower DO and higher TSS concentrations in the Ba Lai, whereas also 

higher concentrations of Hg and Pb were found in the upstream part of this dammed estuary. In addition, 

not only the dammed upstream part but also the nearest-dam station (BL3) of the downstream section were 

characterized by higher concentrations of TSS, nutrients, heavy metal (Cu, Fe, Hg, Cd, Se, As), CH4 and 

H2S as illustrated by the PCA. 

DAM EFFECT ON THE NEMATODE COMMUNITIES 

The subtidal nematode assemblages in Ba Lai and Ham Luong were significantly different between 

estuaries and estuarine sections. There are interaction effects of both estuary and estuarine-sections 

factors on the densities and generic richness. The dammed estuary had lower densities, lower relative 

abundances of dominant genera (Parodontophora, Thesistus, Daptonema) but a higher generic richness 

and the H’ index than the reference estuary. The dammed upstream was characterized by the lowest 

average density, richness and lower the H’ index than dammed downstream.  

The subtidal nematode densities of both the Ba Lai and the Ham Luong estuaries are much lower than 

those of the intertidal areas in the Mekong estuarine system (Ngo, 2012; Nguyen et al., 2012; Tran et al., 

2018b) as well as the subtidal areas from other estuaries over the world (Alves et al., 2013; Smol et al., 

1994; Soetaert et al., 1995) (Table 4). The composition of nematode communities is similar to the 

composition found in the whole Mekong estuarine system but comparatively more diverse than other 
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estuaries worldwide (Table 4). For comparison the richness and the H’ index of these nematode 

communities are also shown in following table. 

Table 4. The structure of nematode communities of the Ba Lai and the Ham Luong estuaries in comparison 

with other estuaries in Mekong delta and over the world (DS: downstream, US: upstream, E.: estuary). 

 Composition 

(Genera- 

Family - Order) 

Abundance 

(ind./10 cm2) 

Richness 

(S) 

Shannon-Wiener index 

(H’) 

Mouth stations - 

Mekong E. 

(Dry season) 

(Ngo, 2012) 

230 - 59 - 11 
88.3 ± 33.1- 

3592.3 ± 15.5  

10.3 ± 3.2 - 

36 ± 2.6 

2.1 ± 0.3 - 

4.2 ± 0.3 

Ba Lai E. 

(rainy season) 

(Tran et al., 2018b) 

118 - 45 - 12 

83 ± 17 - 

4580 ± 1533 

13.00 ± 1.41 - 

32.33 ± 2.52 - 

2.79 ± 0.37 - 

4.03 ± 0.49 

DS US DS US 

1,465.67 

±393.76- 

4,580.33±

1,533 

83.00 

±16.98 - 

355.67 

± 43.41 

27.6 

±3.21 - 

32.33 

± 2.52 

13.00 

±1.41 

Ham Luong E. 

(dry season) 

(Nguyen et al., 2012) 

71 - 20 - 10 

90.0±31 - 1524.0±269  

 

1.5 - 2.6 

Mondego 

estuary 

(Portugal) 

(Alves et al., 2013) 

106 - 40 
21.4 ± 23.5 -  

1323.1 ± 674.7 
8 - 19  

Oosterschelde 

E. (Netherlands) 

(Smol et al., 1994)  

 130 - 17.200 

 

 

5 European E. 
(Soetaert et al., 1995) 

120 - 35  130 -14500 
 

 

Present 

study 

(BL&HL) 

All 144 - 51 - 11 48±42 - 435±150 7± 4 - 45± 4 
1.19±0.38 - 

3.03±0.16 

BL 

129 - 47 - 11 48±42 - 336±168 13±2 - 45±4 
1.70±0.05 - 

3.03±0.16 

DS US DS US DS US DS US 

125 33 218±138 111±76 35±9 14±3 2.62±0.56 1.97±0.27 

HL 

57 - 29 - 9 61±15 - 435±150 7± 4 -16±6 1.19±0.38 - 2.16±0.5 

DS US DS US DS US DS US 

45 77 139±109 248±195 15±4 12±2 1.79±0.51 1.56±0.54 

According to Ngo et al. (2012) the diversity of the intertidal nematodes communities did not show any 

particularly common trend along the course of the 8 MeKong estuaries in the dry season of 2009  (Ngo, 

2012). Tran et al. (2018b) reported that in Ba Lai upstream part was characterized by significant lower 
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density, generic richness and H’ index than downstream. Our results confirmed the lack of a trend in 

diversity for the natural estuary, but the dammed upstream part was characterized by significant lower 

values for both density and diversity including the genera richness and the H’ index compared to dammed 

upstream. Similar as in the Mondego estuary in Portugal we also found a positive correlation between 

abundance and richness (Alves et al., 2013). 

A number of studies documented that salinity, sediment composition and nutrient contents played major 

roles driving the distribution pattern and structure of nematode communities in estuaries worldwide (Adão 

et al., 2009; Heip et al., 1985; Schratzberger et al., 2007; Smol et al., 1994). In some cases, the effect of 

salinity was prevailing with the role of the sediment composition being the main limiting factor for species 

distribution in transitional water systems (Adão et al., 2009; Attrill, 2002; Ferrero et al., 2008; Soetaert et 

al., 1995). Nicholas et al. (1992) studied the effect of the periodic operation (opening and closing) of 

barrages in the mouth of the Murray River estuary, South Australia on the surviving ability of the nematode 

communities. The authors observed a  higher mortality due to the drastic decrease in salinity by a prolonged 

discharge of river water when the barrages were opened (Nicholas et al., 1992). In the present work, salinity 

was different between the estuarine sections, but no significant correlation was found with the nematode 

communities. This point out that it must be other environmental factors that played a role on the structure 

of the nematode communities. Our results show that pH positively correlated to the genera richness and 

the H’ index, while NO3
- is enriched with an increase of the H’ index. Although the sediment composition 

was rather homogeneous, the silt content negatively corelated to richness. Adão et al. (2009) and Nguyen 

et al. (2012) found higher nematode abundances when organic matter was increasing, while the nematode 

density in the present research was not correlated with any environmental variable. 

Parodontophora, Theristus, Daptonema, Terschellingia, Sphaerotheristus, Viscosia were the most 

abundant genera in the Ba Lai and the Ham Luong estuaries, of which Parodontophora, Theristus and 

Daptonema were the 3 outermost common genera. The present of abundant groups are similar between 

Ba Lai and Ham Luong estuaries and among the estuarine sections although the generic compositions of 

these sections were different based on PERMANOVA analysis. Parodontophora, Daptonema and Theristus 

were also the major genera responsible for the difference in generic composition between the estuaries 
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and estuarine-sections. Parodontophora and Daptonema were highly distributed in Ham Luong with relative 

abundance which were almost one and a half times higher than those in Ba Lai.  

The generic abundance of the nematodes communities was significantly affected by the combination of 

nutrients (NO3
-) and heavy metals (Hg, Fe). Other studies also reported that nutrient content is one of 

environmental factors that played a major role in driving the distribution pattern and structure of nematode 

communities in estuaries (Adão et al., 2009; Heip et al., 1985; Schratzberger et al., 2007; Smol et al., 1994). 

Alves et al., 2013 reported that Daptonema was the most dominant genus in subtidal soft sediments of the 

Mondego estuary (Portugal). Ngo et al. (2016) found a typical Desmodora community in the mouth stations 

of the Mekong delta estuarine system in association with sandy sediments while Parodontophora was the 

main genus found in the more upstream parts characterized by silty habitats. It has been noted that 

nematodes communities usually comprise a high number of genera but with only a few dominant ones 

(Soetaert et al., 1995). In our study, although there were differences in relative abundances, 

Parodontophora and Theristus were the most dominant groups in all parts of both estuaries, reflecting their 

wide range in salinity tolerance. This is relatively surprising as they were not in the list of abundant groups 

in many other scientific works from European estuaries such as the Brouage mudflat in France (Rzeznik-

Orignac et al., 2003), the Thames estuary in the United Kingdom (Ferrero et al., 2008) and the Mondego 

estuary in Portugal (Alves et al., 2013). This may indicate that these two genera are possible specific for 

tropical environments. Furthermore, while Parodontophora was the prevailing genus in most estuarine 

sections, Theristus was the most dominant genus in the dammed upstream part suggesting the genus is 

highly tolerant for the impacted environment characterized by low DO, high H2S and heavy metal 

concentration. Interestingly, the genus Theristus was considered as a taxon of ‘colonisers’ being indicators 

of organic pollution in the Swartkops estuary of South Africa (Gyedu-Ababio et al., 1999). Moreover, 

Terschellingia among other groups is the third contributor in the dammed upstream part, while this genus 

has been reported to be tolerant to pollution and anoxia (Alves et al., 2013; Soetaert et al., 1995). 

Concerning the morphometry, nematodes in the Ba Lai were significantly shorter and fatter than those in 

the Ham Luong. While in the Ham Luong nematodes are longer in the downstream than in the upstream 

part, Ba Lai’s sections did not differ significantly for length or width of their nematodes. Also, the L/W ratios 

were much smaller for nematodes in Ba Lai compared to those in Ham Luong.  
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The body size, body shape and biomass of nematode communities in the Ba Lai and the Ham Luong are 

in the range of those in the mouth stations of Mekong delta estuaries and along the Co Chien estuary 

(Quang et al., 2014) as well as in other estuaries around the world (Table 5). 

Although the nematode length has been recorded to have a positive response to a coarser grain size (Heip 

et al., 1985; Quang et al., 2014; Soetaert et al., 2009; Warwick, 1971), nematode body length in this study 

did not show any correlation with environmental variables but the grain size variation in our study was small. 

There was a positive correlation in body width with TSS and nutrients (NH4
+ and NO3

-) while L/W showed 

a negative relation to NH4
+ enrichment and TSS. This means that the L/W ratio is smaller in high 

concentrations of TSS and NH4
+. These correlations are opposite to observations on nematodes from 

mouth stations of the Mekong estuaries for which the L/W ratio was positively correlated with TDS, NO2, 

NO3
- and NH4

+ concentrations while nematodes along Co Chien estuary did not show any significant 

correlation with any environmental variable (Quang et al., 2014).  

Individual biomass (IB) in Ba Lai was higher than that in Ham Luong, while IB was slightly lower in the 

upstream sections. Also, total biomass (TB) was significantly lower in the reference downstream than the 

dammed downstream part. The IB and TB increase when richness and the H’ index increase, TB was also 

positively correlated with abundances similar to the findings of Quang et al. (2014) in the Mekong estuarine 

system. Also, a strongly positive correlation between body width with both IB and TB were found which 

means that body width is the main responsible in forming different L/W ratios and biomass of the nematode 

fauna.  

IB increases with nutrient enrichment (NH4
+, NO3

-, TP) and with higher concentrations of Pb and Fe. TB 

was negatively correlated with silt although the sediment grain size was relatively homogenous. Our 

observations of the relationship between nematode biomass and abiotic factors is not always consistent 

with previous studies. In the study on all Mekong estuaries, TB of nematodes increased when low sand 

fractions but high silt components in the sediment occurred, while IB increased in the more sandy habitats 

(Quang et al., 2014). In contrast, IB in sandy sediments was lighter than in muddy sediments of the St. 

Lawrence estuary in Canada (Tita et al., 1999). However, no significant correlation between sediment 

attributes and IB was found in the present study. The IB and TB was much lower than those in Eastern and 

Western Scheldt estuary in Southwestern Netherlands and Swartskop estuary - South Africa (Van Damme 
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et al., 1980; Dye & Furstenberg, 1978; Smol et al., 1994) (Table 5). Nevertheless, these results can be 

influenced by different sampling designs or calculation methods or different habitat characteristics, for 

example Smol et al. (1994) weighted the collected nematodes instead of estimating biomass from the body 

sizes. The TB mostly increases when communities are more abundant (Van Damme D et al., 1980; Quang 

et al., 2014) as also found in our study. 

Slender nematodes are the most dominant group in both estuaries. This result confirms  previous studies 

(Quang et al., 2014; Schratzberger et al., 2007; Soetaert et al., 2002). Nevertheless, slender nematodes 

were significantly higher in abundance in the dammed estuary than in the reference estuary. There was a 

negative correlation between the percentage of slender nematodes and the silt fraction although the 

sediment was relatively homogeneous. Jensen (1987) reported that slender morphotypes (without specific 

classification based on L/W ratio) from a 15 m deep sandy bottom in the northern part of Öresund 

represented an adaptation to live in oxygen poor and sulphide rich sediments. Remarkably, this supports 

our finding that in the dammed upstream part with the lowest DO concentration the nematode community 

was mostly presented by slender nematodes (97.56%). The long/thin nematodes characterized by high 

L/W ratio are missing in the Ba Lai whereas they are well represented in the Ham Luong. The proportion of 

long/thin nematodes was negatively correlated with concentrations of NH4
+, Fe and Pb. Long/thin 

nematodes seems to be better adapted to conditions in the Ham Luong, while they were almost absent in 

the dammed estuary. Stout nematodes are only present although in small proportions at dammed 

downstream. Slender and long/thin nematodes are able to move swiftly through the sediment, but they are 

also more vulnerable to predation (Soetaert et al., 2002). 

The frequency distribution of the L/W ratio showed that not only the whole community, but also the most 

abundant genera and even the most dominant genus - Parodontophora in the Ba Lai are mainly 

representing slender nematodes. Nematodes are still mainly slender but also a larger proportion of more 

long/thin nematodes occur in the Ham Luong. The L/W ratio of Parodontophora exhibited the same pattern 

in both estuaries.  

In short, the Ba Lai estuary is characterized by heavier nematodes with smaller L/W ratio as a consequence 

of the larger body width. 
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Table 5. The comparison in morphometry and biomass of nematodes between Ba Lai and Ham Luong 

estuaries with other estuaries summary by range and (mean value). 

Study area 
Length 

(µm) 

Width 

(µm) 
L/W 

IB  

(µg) 

TB 

(µg/10cm2) 

Mouth stations - 

Mekong 

(Quang et al., 2014) 

117-4302 

(538.4-067) 

5.2-165.6 

(18.9-39.6) 

4.5-149.3 

(20.6-48.6) 

0.041-

0.167 
9.08-706.3 

Co Chien Es - Mekong 

(Quang et al., 2014) 

166.1-3857 

(538.4-

989.9) 

7.1-159 

(19-28.6) 

3.9-183.6 

(20.6-48.6) 
  

Present 

study 

BL 
212.5-3059.7 

(773.4) 

9.64-87.76 

(25.68) 

7.97-

107.47 

(30.57) 

0.072-

0.199 

(0.13) 

7.98-50.82 

 

HL 
202.6-3627.1 

(820.91) 

1.88-63.95 

(14.10) 

14.44-

326.1 

(69.05) 

0.031-

0.081 

(0.04) 

3.24-35.31 

 

Ems-Dollard Es 

England 

(Romeyn &Bouwman, 1983) 

500-5000     

St Lawrence Es 

Canada  

(Tita et al., 2002) 

 22.6-32   96-48 

Oosterschelde Es 

Netherlands 

(Smol et al., 1994) 

   0.38-0.46 500-7000 

Western Scheldt Es 

Netherlands 

(Van Damme et al.,1980) 

   0.37-0.76 20-980 

Swartskop Es Africa 

(Dye&Furstemberg,1978) 
   0.42  

The differences between estuaries and estuarine sections in generic biomass are more obvious than that 

in generic abundance with higher percentage of dissimilarity. Parodontophora, Theristus, Viscosia and 

Terschellingia are important genera which highly contributed to the biomass of the present communities.  

In particular, salinity and NO3
- are responsible for the generic biomass of the nematode community in the 

dammed downstream section while H2S and TSS are the main factors driving nematode community in the 

dammed upstream part based on DistLM analysis. Most of studies on nematode biomass spectra have 

been focused on comparing univariate measuring between groups instead of using generic biomass matrix 

for multivariate analysis (Quang et al., 2014; Soetaert et al., 2009; Tita et al., 2002; Vanaverbeke et al., 

2003). Hence, no available reference data for discussion on generic biomass characteristics. Still for future 
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studies it may be of interest to look at generic biomass patterns rather than at densities since subtle 

differences based on the dam impact may become more obvious. 

Multiple regression stepwise analysis identified some significant models describing nematode 

characteristics as a function of environmental variables. The first model indicated that both TSS and NH4
+ 

have a negative interaction effect on L/W ratio. Another model showed that NH4
+ and H2S have a positive 

relation to the individual biomass of nematode communities. The effects of NH4
+, H2S and their physico-

biochemical interaction in the environment were already mentioned. Hence, TSS is discussed in more 

detail.  

TSS was significantly highest at the dammed upstream, similar to NH4
+ and H2S, although these variables 

were not significant different. TSS includes all particles suspended in water, they are primarily composed 

of micro-algae, and organic and mineral particles, linked to river input by land erosion as well as re-

suspension of sediment by the vertical mixing of the water column. High concentrations of TSS have been 

reported to have detrimental effects on aquatic life and water quality leading to lower abundances, diversity, 

and survival rates (less viable embryos and larvae) for Arkansas River Shiners Notropis girardi species 

(Mueller et al., 2017). The increase in suspended solid loads tends to coincide with a decrease in dissolved 

oxygen, which could lead to hypoxic stress during the development in this fish species  (Mueller et al., 

2017). TSS can also capture heavy metals and nutrients in the water column and contain higher 

concentrations of heavy metals than surface sediments (Mueller et al., 2017). Consequently, TSS when it 

is deposited on the bottom may disturb the benthic environment and its life. The temporal and spatial  

variability of freshwater inflow from upstream can drive suspended solids and nutrient concentrations 

(Paudel et al., 2019). However, Park (2007) reported that resuspension of surface sediments can be a more 

important source of TSS than the river input. Also, sediment deposition of TSS might lead to rapid clogging 

of a dam (Youcef & Amira, 2017). In the Mekong River delta, TSS is influenced by both natural and 

anthropogenic activities in the Basin including municipal waste water, domestic waste water, synthetic and 

organic chemicals from industrial factories, agriculture, aquaculture, construction, and soil erosion (MRCS, 

2019).  

Our finding contrasts with previous studies in the intertidal of the Mekong estuaries, since Ngo et al. (2014) 

found that the L/W ratio of nematodes in the mouth stations was positively correlated with TDS 
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concentration, while along the Co Chien estuary the L/W ratio was not correlated with any environmental 

variables. The individual biomass showed a significantly negative correlation with DO in the mouth stations 

while significantly positive correlations with TDS and negative response with coliform along Co Chien 

estuary (Quang et al., 2014). The presence of the dam in Ba Lai estuary may be the reason for these 

different findings. 

DOES COPPER CONCENTRATION INTERNAL NEMATODE BODY REFLECT ITS EXTERNAL LEVEL 

IN SEDIMENT?  

The bottom of some stations in the dammed Ba Lai estuary was characterized by higher contamination of 

copper than the Ham Luong estuary, especially in the dammed upstream part. The contamination by copper 

in the Ba Lai is still below the range set by Vietnamese and international technical regulation (Burton, 2002; 

Vietnamese Ministry of Natural Resources and Environment, 2017). However, these environmental copper 

levels are all higher than the lowest effect level for copper following the sediment quality guidelines of 

Canada Ministry of Environment Screening Level Guidelines (Burton, 2002) (Table 3).  

The X-ray fluorescence technique has been so far only used in nematodes for ecotoxicological experiments. 

Using total reflection X-ray fluorescence (TXRF) spectrometry, Sávoly et al. (2012) reported that the mean 

copper concentration of untreated female Xiphinema Vuittenezi individuals (a soil parasitic nematode 

species from  the area of the roots of a sweet cherry tree outskirts of Budapest) was 0.068±0.012 ng/µg 

(mean 68 µg/g). In addition, an untreated wild-type N2 of Caenorhabditis elegans was recorded containing  

4.10±0.54 µg/g essential copper trace element measured by inductively coupled plasma mass spectrometry 

(ICP-MS) (Gao et al., 2008). The internal copper concentrations of these studies are lower than those of 

nematodes from the Ba Lai and the Ham Luong, since, the internal copper concentration on the average 

ranged from 30.49±25.95 to 98.14±48.45 µg/g with the highest value found in the dammed upstream 

section. It has been found that the elevated internal copper levels in nematodes when exposed to  higher 

copper concentrations are causing toxicological effects (Gao et al., 2008; Sávoly & Záray, 2014).  

It should be noticed that copper plays an important role in catalytic and regulatory biochemical processes 

during the development of organisms, but it can cause negative effects in high concentrations (Campana 

et al., 2012). The higher internal copper of nematodes from the dammed upstream may be resulting from 

high copper levels in the sediment. However, the remobilization and the accumulation of copper are also 
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depending on their bioavailability and the physico-chemical properties of the sediment as well as on the 

physiological character of the nematode species (Campana et al., 2012; Eggleton & Thomas, 2004).  

In conclusion, the presence of the dam seems to have caused differences in the environment as 

suggested by the evidence of local accumulation of contaminants and oxygen depletion in the Ba Lai 

estuary. The response of the nematode communities is more subtle with shifts in density, presence of 

dominant genera, morphometric differences and the elevation of internal copper concentration. The present 

communities may be well adapted to the natural organic and oxygen stress in both estuaries but potentially 

the dam may continue to drive the Ba Lai’s ecosystem to its tipping point where future irreversible changes 

may occur. Therefore, continued monitoring of the system is a major recommendation from this study.  
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APPENDIX 

Appendix 1. The percentage of contribution of most important genera responsible for dissimilarity in 
relative abundance between groups based. Percentage dissimilarity (bold) between group and 
contributing percentage is shown together with each contributor. 

Dammed estuary & Reference estuary (68.29%) 

Parodontophora 7.2 Metalinhomoeus 3.56 Monhystrella 2.13 

Theristus 6.33 Viscosia 3.47 Mononchulus 2.12 

Terschellingia 3.92 Sphaerotheristus 3.21 Comesoma 1.89 

Daptonema 3.74 Monhystera 2.68 Desmodora 1.89 

Rhabdolaimus 3.63 Mesodorylaimus 2.58 Halalaimus 1.86 

DD & DU (71.45%) DD & RD (70.17%) DD & RU (71.76%) 

Theristus 6.67 Parodontophora 6.07 Parodontophora 6.59 

Parodontophora 5.39 Pseudochromadora 3.28 Theristus 5.86 

Rhabdolaimus 3.48 Metalinhomoeus 3.15 Daptonema 3.86 

Metalinhomoeus 3.25 Viscosia 3.06 Pseudochromadora 3.38 

Pseudochromadora 3.18 Theristus 2.7 Terschellingia 3.34 

Terschellingia 3.02 Comesoma 2.5 Sphaerotheristus 3.27 

Monhystera 2.54 Trissonchulus 2.48 Viscosia 2.42 

Mesodorylaimus 2.16 Daptonema 2.42 Rhabdolaimus 2.22 

Daptonema 2.14 Marylynnia 2.15 Linhystera 2.11 

Halalaimus 2.11 Terschellingia 2.03 Halalaimus 2.07 

Linhystera 2.05 Amphimonhystrella 2 Amphimonhystrella 2 

Monhystrella 2.02 Halalaimus 1.99 Cobbia 1.77 

Viscosia 1.97 Rhabdolaimus 1.95 Oncholaimus 1.75 

Udonchus 1.97 Desmodora 1.92 Mesodorylaimus 1.72 

Amphimonhystrella 1.9 Sabatieria 1.88 Sabatieria 1.59 

Afrodorylaimus 1.76 Mesodorylaimus 1.86 Microlaimus 1.52 

Sphaerotheristus 1.69 Linhystera 1.81 Oxystomina 1.49 

Cobbia 1.67 Rhynchonema 1.75 Desmodora 1.49 

Mononchulus 1.6 Sphaerotheristus 1.74 Spilophorella 1.44 

  Cobbia 1.72 Achromadora 1.44 

RD & RU (64.91%) DU & RU (61.45%) DU & RD (69.79%) 

Parodontophora 9.18 Parodontophora 9.05 Theristus 8.41 

Theristus 8.3 Theristus 8.65 Parodontophora 7.34 

Daptonema 5.77 Terschellingia 6.2 Rhabdolaimus 5.35 

Viscosia 5.57 Daptonema 5.73 Metalinhomoeus 5.04 

Sphaerotheristus 5.04 Rhabdolaimus 5.24 Viscosia 4.79 

Metalinhomoeus 4.69 Sphaerotheristus 5.21 Terschellingia 4.4 

Comesoma 4.34 Metalinhomoeus 5.08 Comesoma 3.67 

Terschellingia 4.31 Monhystera 4.63 Monhystera 3.43 

Trissonchulus 3.9 Mesodorylaimus 3.68 Mesodorylaimus 3.24 

      Daptonema 3.2 

        Trissonchulus 3.1 
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Appendix 2. The percentage of contribution of most important genera responsible for dissimilarity in 

biomass between groups. Percentage dissimilarity (bold) between groups. 

Dammed estuary & Reference estuary (76.15%) 

Parodontophora 8.25 Daptonema 4.25 Comesoma 2.36 

Viscosia 6.62 Oncholaimus 3.69 Mesodorylaimus 2.18 

Theristus 5.7 Metalinhomoeus 3.03 Mylonchulus 2.12 

Terschellingia 5.29 Sabatieria 2.97 Pseudochromadora 1.97 

Sphaerotheristus 4.26     

 DD & DU (76.99%) DD & RD (79.03%) DD & RU (79.40) 

Parodontophora 6.09 Parodontophora 7.07 Parodontophora 7.71 

Theristus 5.21 Oncholaimus 4.91 Viscosia 5.2 

Oncholaimus 4.57 Sabatieria 4.16 Oncholaimus 4.91 

Sabatieria 4.24 Viscosia 3.8 Sabatieria 4.47 

Viscosia 3.79 Pseudochromadora 3.8 Pseudochromadora 3.78 

Pseudochromadora 3.63 Daptonema 3.22 Daptonema 3.37 

Terschellingia 3.58 Comesoma 2.85 Sphaerotheristus 3.22 

Sphaerotheristus 2.88 Hopperia 2.77 Hopperia 2.78 

Daptonema 2.85 Spilophorella 2.55 Spilophorella 2.55 

Metalinhomoeus 2.71 Terschellingia 2.49 Terschellingia 2.54 

Hopperia 2.61 Sphaerotheristus 2.21 Comesoma 1.97 

Spilophorella 2.4 Trissonchulus 1.97 Mylonchulus 1.96 

Mylonchulus 2.2 Mylonchulus 1.96 Halalaimus 1.8 

Comesoma 1.87 Theristus 1.81 Cobbia 1.78 

Halalaimus 1.79 Halalaimus 1.8 Pseudosteineria 1.77 

  Cobbia 1.79 Mesodorylaimus 1.61 

   Pseudosteineria 1.78            

RD & RU (73.68%) DU & RD (75.94%) DU & RU (70.21%) 

Viscosia 13.17 Theristus 9.98 Theristus 10.34 

Parodontophora 13.12 Viscosia 9.05 Parodontophora 10.22 

Sphaerotheristus 7.02 Parodontophora 8.21 Viscosia 8.79 

Daptonema 6.42 Terschellingia 8.04 Terschellingia 8.55 

Comesoma 5.44 Metalinhomoeus 4.98 Sphaerotheristus 7.28 

Theristus 5.41 Sphaerotheristus 4.68 Daptonema 6.27 

Trissonchulus 5.03 Comesoma 4.45   

    Daptonema 4.4     

 

 


