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Abstract

Evaluation of short-time freshwater habitat fluctuations was provided in the period October 2019 - February 2020 in the Mekong River delta in
Vietnam. Three phases of water flow direction were documented in the diurnal tide cycle. In the middle - “stagnation” state, a daily maximal oxygen
concentration in the river occurs, regardless of the sun’s position above the horizon. Each tide cycle also creates a periodic water mass friction zone
in the nearshore part of the riverbed and increases the sedimentation rate within the opposite direction of water mass flow. The biotic effects of

freshwater habitat modification in the river branches are discussed.
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Introduction

Many large tropical rivers have a delta, and this character is the
result of strong sea tides, alarge load of suspended solids conducted
from the catchment area [1]. Water salinity changes in a daily cycle,
typical for estuaries, and the modification of the nature of the water
flow in the riverbed significantly changes the habitat conditions
of hydrobionts. The appearing changes in the habitat’s physical
and chemical conditions translate into the river ecosystem’s biotic
structure and are often overlooked in the current models of river
functioning [2]. Due to technical difficulties and strong, centuries-
old anthropogenic transformations of agricultural lands that are
attractive for agriculture, the areas of river deltas are currently the
least known in hydrobiology [3]. Delta regions are an ideal object
for ecohydrological analysis because the natural hydrological
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instability repeated in the 24-hour cycle creates specific and unique
biological systems. To learn about the ecohydrological aspects of the
river’s functioning in the delta area in a tropical climate, research
was carried out at the turn of 2019 and 2020 in the Mekong River
delta in Vietnam. Field observations and basic water parameter
measurements were aimed at showing the physical specificity of
flowing waters and the effects of habitats in the daily cycles of the
water environment, not much documented earlier.

Case Presentation

The Mekong River Delta is located at the final, nearly 300 km,
with over 4,000 km of its course, mainly in Cambodia and Vietnam.
In the lower section of the Mekong River, the two natural arms of
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the river (Tien River and Bassac Rivers) gradually separate into
nine continuously functioning river beds, with a mean annual
discharge 13,000 m3s [4]. In addition, the surface water system has
been anthropogenically enriched with a network of canals, built
over 3000 years of man settlement in this area [5]. There are two or
three high water levels and ebbs in river branches and canal system
of delta per day, with amplitude higher than 4 meters near sea area
up to 1-2 m in Cambodia and Vietnam border region. Observed
daily water level amplitude is higher in dry periods (November-
May) than in times of monsoon rains [6]. Oppositive changes in
water flow direction have a place each day in river branches with
high morphological differences of maximal channel depth in places
exceeding 30-35 m [7]. The banks of the river canals are abundantly
colonized by water hyacinth mats with variable surface and
density, regardless of hydrotechnical transformation degree. A high
suspended material transport, near 100-200 mg-dm-3, is typical for
the lower Mekong River, as long-term analysis indicated [8].

The field research was provided in the period October 2019 -
February 2020 on the river stretch between My Tho and Cai Be in

Vietnam (Figure 1) in a period of low discharge and drought (MRC,
2021).Presented in paper dataare typical for the late wet period and
the beginning of the dry season. The diurnal cycle of the water level
was monitored over a few weeks period, as well as water direction
flow, water temperature at 10 cm depth, Secchi disc visibility, water
conductivity, and oxygen concentrations. Measurements were
made manually, using an HQ40D Multi Meter (Hach-Lange GmbH),
with 1-2-hour intervals, according to water level change rates.
In the each of observation companies in Cai Be station (Figure 1,
location B) a strong dynamic of water level was observed, with a
diurnal amplitude higher than 2.1 m (Table1) compared to the 1.3
m amplitude noted in My Thuan hydrological station located near
30 km upstream (Figure 2). That is agree with the typical decrease
water level amplitude tendency with sea distance increasing [9,10].
Short-time changes in river water level induced by tides provide
periodical drying of bottom sediments from peripheral bed zones.
The changes in the river water level were accompanied by changes
in the flow direction. The change of the water flow direction in the
riverbed does not take place frontally, but each time, there are three
phases (Figure 3).
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Figure 1: Map of Mekong River delta with a position of research stations; A - My Tho station, B - Cai Be station, C- My Thuan station.
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Figure 2: Example of daily changes of water level in the Tien River observed in My Thuan in late December 2019 [data from monitoring.
mrcmekong.org].
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Figure 3: Successive stages of changes in the flow direction of the Mekong River channel during the tide cycle; upper panel — stages in time,
lower panel — space stages situation in the river.
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Near 20-30 minutes after reaching the minimum or maximum
water level and earlier phase of local water eddies without of visible
water flow in the river. A harbinger of a change in the direction of
water flow, in addition to changes in the river’s water level, is the
appearance of a near bank stream, 2 - 3 m wide, with a gradually
increasing flow velocity. The occurrence of a “backflow” lasts 15-20
minutes (phase A) until the moment of the formation of phase B
with local surface water vortices and no clear direction of the water
flow. The changing water level of the river due to the increase of tide
leads to a slow flow of water across the entire width of the river with
disappearing eddies (phase C). The observations made at various

branches of the lower Mekong River and Dong Nai River show that
the duration of the distinct phases of the change in the direction
of the river flow is similar, and only the C phase is characterized
by a slightly shorter time. The generalized cycle of water level and
river flow direction changes during tides is presented in Figure
4. The described phenomenon of periodicity entails a number of
additional processes modifying the nearshore freshwater habitat of
rivers. Short-term changes in the water level cause slight changes in
river water conductivity, mainly because of increased resuspension
of bottom sediments and supply with interstitial waters (Table 1).

Table 1: Observation results of lower Mekong River (Tien River branch) in Cai Be in the period November 2019 - January 2020; EC — electrical
conductivity. In data for diurnal oxygen amplitude, added mean values of oxygen concentration increase during stagnations phase B in Figure 3, low

panel).
Parameters November 2019 December 2019 January 2020
Mean Diurnal amplitude Mean Diurnal amplitude Mean | Diurnal amplitude
Number of observation days 5 4 3
Observation number 46 36 16
Water level [cm] 154 213 72 250 51 232
Water temperature [°C] 29.3 1.5 28.3 19 28.7 1.7
EC [pS-cm™] 141 4.8 204 14.5 251 14.5
Oxygen [mg O,-dm~] 5.33 0.53/0.3 411 0.66/0.4 438 0.96/0.3
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Figure 4: Scheme of daily changes of river water level and direction of water flow under tides activity; triangle marks a flow direction changes.
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Another tide effect is the occurrence of the daily maximum
oxygen concentration in the river water during the “stagnation” (C
phase on Figure 3). During this brief time concentration of oxygen
in river water increases in mean 0.3-0.4 mg dm-3 (Table 1), which
corresponded to an increase in water oxygen saturation by 8-12%.
With a stable flow of water in the river, such a maximum usually
occurs in the afternoon [9], while in rivers under the influence of
tides, it may appear at various times of the day, depending on the
position in the sun and moon cycle. It turns out that even a brief
period with the elimination of the visible water flow is enough

to significantly increase of photosynthetic algae efficiency in
conditions of significant insolation of the rivers of the tropical zone.
It is also favored by the domination of the fine silt fraction in the
suspension, which quickly sediments while reducing the water
flow velocity and increasing the range of the photic zone. According
to Doods et al, [11], the deltas of large rivers under tides are
heterotrophic and can be autotrophic on a daily scale. The periodic
intensive river phytoplankton growth currently increases the local
density of small planktivorous fish - phytoplankton consumers, and
therefore local fishers at this time go out to catch them.

-
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Figure 5: Conceptual idea of water friction zone existing in the nearshore water column of river bed under the different tides water level of the
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The most of local fishers’ activity on the river is closely related
to this phase of the hydrological “stagnation” of the water in the
riverbed. Another effect of the tides in the waters of delta estuary
rivers is the periodic appearance of nearshore counter-current
zones after reaching extreme (high and low) water levels in the
river. Due to this phenomenon, an intra-channel friction zone of
water masses with opposite flow directions is created in the shore
zone. During flood tide, it is located 3-4 m from the bank of the
riverbed, and during ebb, it is even more distant (Figure 5). The
location of such friction zones in the coastal zone is quite different
and depends on the morphology of the river channel. In the case
of the Mekong River, which naturally has a high concentration of
mineral suspension [12], this results in increased sedimentation of
the suspension. Thus, it is next to the front of saline water inflow,
another process accelerating the sedimentation of the suspension
in the delta branches. It can also be assumed that it is a local and
periodic accumulation zone of invertebrate filterers and fish that
use a microhabitat with greater potential food availability [13]. This
hypothesis needs further detailed research.

Conclusion

The conducted observations and measurements clearly
indicate numerous modifications of the freshwater habitat of the
river under tide activity. Their considerable range, extending over
300 km inland in the Mekong River Delta, transforms the diurnal
productivity rhythm in delta waters compared to the section of
the river above the delta. They also indicate the existence of other
in-channel zones, increasing the sedimentation of the suspension
transported by the river than previously indicated. Modifications
of river habitats under the influence of tides result in the formation
of numerous micropatches habitats with increased potential for
hydrobionts food and maintaining high biodiversity of the delta
waters.
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