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The Mekong estuarine system is a sensitive ecosystem strongly affected by the economic activities
in the region. This ecosystem is not only impacted by anthropogenic factors but is also known as
one of the most severely affected areas by climate change. The environmental management in this
estuarine system is very important and necessary. Many coastal provinces in the Mekong Delta
have shown awareness of environmental estuarine management and set up bio-monitoring pro-
grams for water and ecological quality. However, meiobenthos and nematode communities were
not yet included in environmental bio-monitoring while they are clearly proven to be a helpful bio-
indicator. This paper focuses on the obvious issue of using meiobenthos and nematode communi-
ties in this region as we recommend applying nematode and meiobenthos communities for envi-
ronmental bio—monitoring and bio-management in the Mekong estuarine area.

Hé thong cira song Ciru Long la vung sinh thai nhay cam va dang chiu tac dong manh mé tir cac
hoat déng kinh té ven bién ciia cdc tinh mién Tdy Nam B¢. Hé sinh thdi khu vuee nay khéng nhing
bi anh huwong tric tlep tir con nguot ma con dugc biét dén nhw mét trong nhitng khu viee bi tac
dong nang né boi bién doi khi hdu. Van dé vé quan Ly moi truong o hé théng cira séng nay da hét
sire can thiét. Cdc tinh trong khu viec ven bién dong bang Song Cuu Long ciing da y thirc dwoc tinh
nguy cap trong cong tdc quan ly moi truong cia song ven bién va xdy dung céc chuong trinh quan
trdc chat heong nude va hé sinh thdi. Tuy nhién, hau nhw chira ¢é tinh nao ven bién dong bang
séng Cieu Long dwa déng vat ddy, ddc biét la tuyén tring vao cdc chicong trinh quan trdc va gidm
sdt méi truong trong khi cdc céng trinh nghién ciru trén thé gidi da chimg minh kha nang chi thi
chinh xdc cia ching. Bdi viét phin tich co s6, cdc s6 liéu dong vit day c& trung binh va tuyén
trimg khuyén nghi dwa vio cong tdc gidm sdt, quan 1y méi trieong cira séng ven bién dong bang
song Cuu Long.
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estuarine system

1. Introduction (Vietnam ranks among the top five most impacted coun-
tries in the world, UNDP (2012)), by seawater level and
by the increase in accumulation of anthropogenic disturb-
ance, the Mekong delta is facing many risks of serious
impacts. It suffers directly from economic activities from
the Mekong Delta region where many transportation,
seaport activities, irrigation dam construction, aquacul-
ture, agriculture activities as well as sea — production

The Mekong estuarine system is very sensitive and at the
same time seriously affected at particular locations. This
estuarine system plays an important role in the economic
development of the region but also serves as the habitat
for a variety of specialized fauna and flora. Moreover, this
vulnerable delta is going to be affected by climate change
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manufactories are taken place. Therefore, this area re-
quires more scientific attention to have suitable mitigation
solutions.

Several provinces in the Mekong estuarine system have
shown interest for the protection of the ecological system
by implementing different environmental monitoring
programs. However, there is no official program available
that makes use of zoobenthic fauna to detect changes in
the ecological quality.

2. Meiobenthos as tool for ecological
assessment

2.1. Meiobenthos communities for ecological
quality assessment

Meiobenthos was regarded by many researchers as a tool
for ecological assessment and environmental monitoring
(Sergeeva and Mikhailova 1989a,b; Sergeeva 1992, Ken-
nedy and Jacoby 1999; Fabiano et al. 2004; Vassallo et al.
2005, Alves et al 2013), based on the facts that they re-
flect changes occurring in the trophic state of benthic
ecosystems, but also supported by their direct benthic
development, their sessile life habit, their high species
diversity, their short generation time, and their ubiquitous
distribution. They are particularly important in estuaries
as they continually rework the sediments and may alter
the physical, chemical and biological characteristics of the
estuary floor (Deeley and Paling, 1999). Since estuaries
usually support important economic activities and show
high densities of traffic routes, they are often massively
affected. Smol et al (1994) showed how meiofauna of the
Oosterschelde estuary was affected because of anthropo-
genic hydrodynamic changes, by decreasing the diversity
but increasing the overall biomass.

Especially, nematode communities were often considered
for ecological quality assessment and environmental mon-
itoring. Heip et al. (1985) recommended the use of nema-
tode (and meiofauna in general) as possible tool for de-
tecting pollution. Marine nematodes have been suggested
as potential pollution indicators as they possess some
particular characteristics such as a short life-span and a
high diversity (Heip, 1980). Tools that were commonly
used in the past with meiofauna as pollution indicators are
the nematode: copepod ratio, diversity indices or graph-
ical methods (K dominance curve) for representing the
biodiversity, biomass spectra (Lambshead et al. 1983;
Vanaverbeke et al, 2003), the Maturity index (Bongers et
al., 1991) and Bongers (1999) or multivariate community
analysis from a lower to a higher taxa level (Heip et al.,
1985).

Nevertheless, Coull (1999) also mentioned that using
molecular biotechnique to assess genetic diversity of
meiobenthos and nematodes also provided a good tool for
recognizing polluted sites in ecology and for environmen-
tal surveillance since polluted areas may show less genet-
ic diversity (Street and Montagna, 1996). There are also
some molecular approaches for meiobenthos in pollution
assessment studies by using the polymerase chain reaction
(PCR) technique, sequencing and cloning (Bhadury et al.,

2006; Ekschmitt and Korthals, 2009). Genomic changes
may be directly attributable to a toxicant since they affect
the genetic structure to develope mutations (Coull, 1999;
Menzel et al., 2009). Since meiobenthos have a short
generation time and since their association with bottom
sediment environment where usually toxic substrates are
usually deposited, they may response quickly to impacts.
Therefore, these techniques are feasible to apply for envi-
ronmental research on meiobenthos, particular nematodes
due to their culturability, short generation time and large
population sizes (Chandler et al., 1994; Coull, 1999).
Hence, meiofauna and nematode can be introduced as
very useful bio-assessors for risks in the estuarine envi-
ronment (Bhadury et al., 2006).

2.2. Meiobenthos assemblages interacting
with their environment in Mekong estuarine
system

In addition, meiobenthos and free living nematode in the
Mekong estuarine system were full investigated by Ngo et
al (2010, 2011, 2013). Ngo (2012) provided full baseline
data of meiobenthos communities and also pointed that
nematode communities are very helpful for environmental
biomonitoring in the Mekong estuaries. In this work, the
composition of the meiobenthos in the Mekong estuaries
was represented by 22 taxa in total from both seasons. In
the wet season, 13 taxa of meiobenthos were found in this
mainly marine habitat. In the dry season, 21 taxa of meio-
benthos were found along the 8 Mekong estuaries. The
composition of meiobenthos in dry season included some
freshwater taxa such as aquatic insect larvae as Diptera,
Coleoptera and Trichoptera. Some other taxa were also
not found at the mouth stations in the rainy season such as
Isopoda, Sycarida, Acarida, Kinorhyncha, Decapoda, and
Tanaidacea. Nematodes always have the highest percent-
age in the meiobenthos communities (from 64% - 99% in
the wet season and 40 to 98% in the dry season).

Ngo (2012) also reported that densities of meiobenthos in
the Mekong estuaries were found to be quite high with
values from 581 — 3,168 individuals/10 cm® in the wet
season and from 105 — 3,678 individuals/10 cm? in the dry
season. Moreover, meiobenthic fauna assemblages in the
Mekong estuaries were investigated due to its high diver-
sity, high densities and high dominance of nematodes in
all stations. Meiobenthos can survive over a wide salinity
range and are well adapted to the estuarine area so they
can be a suitable organism for environmental researches.

Furthermore, meiobenthos was also studied with the spe-
cific environmental conditions of the Mekong estuarine
system. The composition of meiobenthic communities
was considered to be influenced by grain size, dissolved
oxygen, coliform densities and ammonium concentration
in the sediment. Especially, the diversity of meiobenthos
was found to become lower when chlorophyll a increased
while their densities increased. In this estuarine system,
chlorophyll a seems to have closer relationship with the
composition of the meiobenthos. However, food was
rarely considered to be a limiting factor for meiobenthic
life in brackish silty sediment habitats because of their
typical rich content of organic matter (Giere, 2009) but
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chlorophyll a seems highly influential to densities and
diversity of meiobenthic animals in this estuarine system.

2.3. Nematode communities interacting with
their environment in Mekong estuarine sys-
tem

Specifically, nematode communities in the Mekong estua-
rine system were also investigated in detail by Ngo
(2012). In total, there were 244 genera, 59 families, 11
orders of 2 classes Enoplea and Chromadorea of phylum
Nematoda present in the whole estuarine system. The
composition of nematode communities was a mix be-
tween marine and freshwater taxa. The study also indicat-
ed that nematode diversity in the Mekong estuaries was
quite high. Moreover, the nematode size and shapes were
also investigated to detect the relationships with other
nematode characters such as feeding types and ecological
features.

Moreover, database of nematode communities were also
added in correlation with other environmental parameters
of Mekong estuaries in order to find out which factors
influence the communities structure. The baseline data-
base showed that the nematode communities were strong-
ly correlated with grain size, dissolved oxygen, coliform
and chlorophyll a concentration. Especially, grain size,
dissolved oxygen and chlorophyll a could be linked to the
presence of two to four different nematode communities
each with different characters which were identified based
on the dominant genera used as a major representative for
the groups. The group of Desmodora communities and
the group of Oncholaimellus - Desmodora communities
were mainly found in sandy sediments; the group Parod-
ontophora - monhysterid and Parodontophora communi-
ties were found in silty sand habitats. This association of
specific nematode communities as identified based on the
dominant genera was also related to the feeding ecology.

According to Wieser (1953, 1959), deposit feeders are
usually found in mud or silty sand which is similar to our
observation of the monhysterid group. In addition, the
groups of Oncholaimellus - Desmodora communities
dominated by carnivores, omnivores and epistrate feeders
often occupy coarse sand, with a low organic content. The
ecology of nematode feeding types was further investigat-
ed and adapted by Traunspurger (1997), Moens and
Vincx (1997), and Moens et al. (2006). The nematode
feeding activity is affected by a variety of environmental
factors, especially substrate characteristics such as sedi-
ment texture and pore size may affect the activity of both
consumers and resources (Moens et al., 2006).

This study also delivered an insight into the link between
nematode size and shape with other specific modes of life,
or ecological interactions in terms of feeding types, densi-
ties and diversity of nematode communities as well as
environmental factors. The nematodes with long bodies
occupy a higher proportion in sandy stations where chlo-
rophyll a concentration is rather low than in silty sedi-
ments with high chlorophyll a concentration. It also
seems that mainly predators/carnivorous are better repre-
sented in sandy sediments whereas silty sediments are

better suited for deposit feeders. The percentage of silt in
the sediment increases together with the chlorophyll a
concentration in association with high proportions of
short and small deposit feeding nematodes which showed
in general a low maturity index.

Furthermore, the baseline study also considered the sea-
sonal trend in the Mekong estuarine nematode communi-
ties. A comparison was made for most of the measured
features of nematode communities between dry season
and wet season. The results showed that the variation only
occurred in limited stations, there were no differences in
densities between seasons. The biodiversity calculated in
the Shannon — Wiener index showed slightly higher val-
ues in the dry season. In general the structure at a spatial
scale was larger than at a seasonal scale. The high spatial
variation was explained by sediment features as they
mainly controlled the nematode communities.

3. Environmental biomonitoring in the
Mekong estuarine system by using
nematode and meiobenthos communi-
ties

According to Ritz et al. (2009), there are among 183 bio-
indicator candidates in soil, nematodes were found as a
powerful bioindicator for environmental monitoring. Due
to the advantages by the ecological characteristics of
nematode such as being ubiquitous, sensitive, having a
high abundance and high biodiversity in the estuarine
system, the nematode communities in the Mekong estua-
rine system can play a very important role in order to
reflect the ecological conditions. From Ngo (2012), the
nematode communities were intensively investigated in
terms of community structure and distribution, morphom-
etry and biomass in relationship with the environmental
conditions of this area. In this respect, it provided a full
baseline data for future community changes in relation to
changing environmental conditions.

In the estuarine ecosystem, chemical substrates get into
the water and sink down, mixing with bottom sediment
where they become a pollutant in the benthic food chain,
which also affects higher trophic levels. Contrary to
chemical factors which are changing very fast in nature,
the biological impact can prolong the disturbance effect of
pollutants on ecosystem functions. Nematodes are the
most dominant taxon of the benthic metazoans. They
usually live closely associated with sediment conditions
where their permeable cuticles provide direct contact with
their microenvironment so they respond rapidly to the
disturbance. Moreover, nematodes cannot migrate fast
under stressing conditions (Bongers and Ferris, 1999) so
their community’s features can provide us an indication of
the environmental quality based on analyzing together the
environmental variables and nematodes communities.

In Ngo (2012), univariate and multivariate analysis were
applied and the author found out that nematodes’ charac-
ters and community’s structure showed to a great extent
the ecological conditions in the Mekong estuarine area.
The univariates included densities and biodiversity indi-
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ces. The maturity index based on c-p values also repre-
sented to some extent information about environmental
conditions. It is also suggested using the trophic structure
based on nematode feeding types since they reflected
ecological features such as nematode biomass, size and
shape. Beside univariate measures, the multivariates anal-
ysis will provide a maximum on information.

Moreover, since the seasonal variation in nematodes’
communities in the Mekong estuarine area is rather low, it
supports the idea of using them as bioindicator for envi-
ronmental monitoring.

Other advantages of using nematode as a tool for envi-
ronmental monitoring in the Mekong delta is that they are
very easily sampled and sorted. This tool is not only suit-
able, it is also a cheap and feasible strategy in a develop-
ing country such as Vietnam. Therefore, the nematode
identification regarding genus (or family level) as a tool
can be easily tought to environmental officers in regional
provinces. The nematode monitoring can also be provided
as a tool for the Mekong River Committee to establish an
environmental monitoring program, which supports the
regional sustainable development in relation to the inten-
sive aquaculture and agricultural activities.

4. Recommendation

Therefore, it is recommended that nematodes can be used
as a bioindicator to provide a powerful tool in environ-
mental monitoring programs in the Mekong estuaries. It
can be suggested as the NEMA — TOOL in the environ-
mental monitoring system for both national and interna-
tional programs of The Mekong River Commission.
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