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INTRODUCTION

The Can Gio mangrove forest, located ~50 km south-
east of Ho Chi Minh City (HCMC), Vietnam, is considered 
an international biosphere reserved zone (UNESCO, 
2000).  Located in the deltaic confluence of the Saigon–
Dong Nai and Vam Co Rivers, it protects that city against 
storms from the East Sea.  Can Gio is an important envi-
ronmental resource for the surrounding area, hosting 
about 105 plant species and 150 species of aquatic fauna.  
The area also supports a variety of wildlife such as wild 
pigs, monkeys, otters, saltwater crocodiles, many species 
of snakes, and abundant birds including rare species.  
Moreover, Can Gio plays a crucial role in the developing 
economy around HCMC, supporting jobs in aqua agricul-
ture, fisheries, shrimping, and ecotourism.  The area also 
hosts a main shipping channel via the Long Tau and Soai 
Rap Rivers, allowing ships of less than 20,000 tons carry-
ing capacity to enter HCMC at the ports of Cat Lai and 
Phu Huu.  

Can Gio covers approximately 70,400 ha, of which 
32,000 ha are mangrove forest.  It is bounded by the Nha 
Be District of HCMC in the north, the East Sea in the 
south, Dong Nai and Ba Ria – Vung Tau Provinces in the 
east, and Long An and Tien Giang Provinces in the west 
(Fig. 1).  The area has a typical monsoonal climate with 
two distinct seasons (Tuan et al., 2002): a dry season 
from November to May and a wet season from June to 

October.  It has a bi–diurnal tidal regime with two ebb 
and flood tides per day (van Loon et al., 2007); tidal 
amplitudes range from ~2–4 m from mean tide to spring 
tide.  Tides are highest from September to January and 
lower in other months, with a maximum in October or 
November and a minimum in April or May (Binh et al., 
2008).  

Can Gio has a very complex network of rivers rang-
ing in length from 10–70 km with depths up to 30 m; riv-
ers account for 31.76% of the total area (Nguyen, 2011).  
Freshwater from the Sai Gon–Dong Nai River is carried 
toward the sea via its two main branches (the Long Tau 
and Soai Rap Rivers) and also via subordinate branches 
such as the Thi Vai River.  Most of the water in Can Gio 
is generally brackish due to the mixing of freshwater and 
seawater, which is of great importance to the area’s two 
main estuaries, Dong Tranh and Ganh Rai.  

The Can Gio area faces a number of environmental 
issues, particularly changes in water quality that relate 
to salinity change and can lead to detrimental effects on 
the mangrove forest as salinity is a key environmental 
factor for plant growth and productivity (Allakhverdiev 
et al., 2000).  Salinity fluctuations in this area are directly 
correlated with the combined effects of the tidal regime 
and the Sai Gon and Dong Nai Rivers' flow; the salinity is 
highest during high tide and lowest during low tide, 
while higher river flow reduces salinity by pushing sea-
water further seaward.  Other factors influencing salinity 
levels include regulated flows from the upstream Tri An 
and Dau Tieng Reservoirs and river depth.  Due to mor-
phological differences between the Soai Rap and Long 
Tau Rivers, these channels are affected differently by 
the tidal regime of the East Sea: the former has a lower 
salinity than the latter because of its shallow cross–sec-
tion.  In other words, the sea’s tidal impact on the shal-
lower Soai Rap River is less than on the deeper Long Tau 
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River.  The salinity in Can Gio also differs depending on 
the season.  Salinity increases in the dry season as sea-
water penetrates further inland, peaking in March and 
April at 19–20 psu in the north, and 26–30 psu near the 
sea.  Salinity declines in the rainy season, bottoming out 
from August to November at only 4–8 psu in the man-
grove forest.  The average monthly salinity for the area 
over the entire year is approximately 18 psu (Hong, 
2004).  Salinity is an essential key to environmental 
research and management in fields such as climate sci-
ence and oceanography, water quality monitoring, and 
coastal management.  In this study, we collected salinity 
data within the Can Gio region to assess and understand 
the spatial–temporal distribution of salinity with regards 
to river depth and the impact of tidal regimes.  Our 
results provide a better context for understanding salin-
ity fluctuations in the area and their importance for man-
agement of the Can Gio ecosystem.  

MATERIALS AND METHODS

There are a number of available instruments that pro-
vide salinity data by measuring electric conductivity and 
temperature, then deriving salinity from these measure-
ments.  We used a HOBO U24 Conductivity data logger 
(U24–002–C) (Fig. 2, Table 1) to collect salinity time 
series at two locations within Can Gio (Fig. 1).  Phu 
Xuan Station, in the upstream portion, represents an area 
that directly affects HCMC, while Nga Bay Station (Fig. 
4) is located in the middle of the mangrove forest.  Both 
are important locations for assessing changes in salinity 
with reference to the tidal regime and upstream dis-
charge in this region.  

From December 7–8, 2017, the HOBO U24 
Conductivity Logger was set up at Phu Xuan Station and 
Nga Bay Station on December 8–10, 2017 approximately 
2 m beneath the water’s surface.  The logger was kept in 
a polyvinyl chloride (PVC) pipe housing and secured to a 
line that was anchored and connected to the station so 
as to maintain correct orientation and location.  The 
instrument recorded electric conductivity and tempera-
ture at ten–minute–intervals.  

In addition, we used a CastAway CTD data logger 

Fig. 1.   Location of the Can Gio mangrove forest along the Soai Rap and Long Tau Rivers in southern Vietnam. A HOBO U24 
Conductivity Logger was set up at the locations marked Phu Xuan and Nga Bay to record salinity time series in ten–min-
ute–intervals.

Fig. 2.  HOBO U24 Conductivity data logger (U24–002–C).

Fig. 3.  CastAway CTD data logger.
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(Fig. 3, Table 2) to collect salinity profiles at 24 points 
along the Soai Rap and Long Tau Rivers and a small 
branch connecting Dong Tranh Cape and Can Gio Cape 
on December 10, 2017 (Fig. 5).  Points 1, 2, and 3 were 
located in the upstream portion of Can Gio to study the 
changes of salinity near HCMC.  Points 3 to 14 were 
located in the Long Tau River.  Points a, b, and c were 
located in a small branch connecting Can Gio Cape to 
Dong Tranh Cape.  Points 15 to 21 were located in the 
Soai Rap River.  This instrument uses a built–in GPS 
receiver to record its location in both time and space, 
noting latitude and longitude before and after each pro-
file.  It is a small, rugged, and technically advanced instru-
ment designed for profiling to depths of up to 100 m that 
provides salinity data within the accuracy levels requires 
for coastal monitoring applications (ACT, 2007).  In the 
field, the CastAway LCD screen plots electric conductiv-
ity, temperature, and salinity versus depth immediately.  
The data logger was connected to a reel and typically 

lowered from a boat by hand; salinity, temperature, and 
pressure data were collected from surface to bottom.  

RESULTS AND DISCUSSIONS

Effects of water level on salinity
The surface salinity ranged from 1.6–6 psu at Phu 

Xuan Station (Fig. 6) and from 15–20.5 psu at Nga Bay 
Station (Fig. 7).  These fluctuations were clearly driven 
by tidal stage but also depended on station location: the 
amplitude of change at Phu Xuan Station (about 40 km 
from the sea) was about 4.4 psu while that at Nga Bay 
Station (20 km from the sea) was about 5.5 psu.  In addi-
tion, the maximum and minimum salinities were affected 
by the hydrodynamic regime.  The maximum water level 
at Vung Tau Station occurred at 17:00 on December 7, 
2017, but the peak salinity at Phu Xuan Station occurred 
at 21:00, a four hour lag from the peak tidal level at the 
sea.  This delay was prominent at Nga Bay Station, where 
peak salinity occurred shortly at 20:30, a 2.5 hour lag 
after the peak tidal level at 18:00 on December 8, 2017.

Vertical distribution of salinity
Salinity was strongly influenced by water depth; in 

almost all profiles salinity was higher toward the river-
bed and lower near the surface (Fig. 8, Table 3).  At the 
river junction near Phu Xuan Station (points 1, 2, and 3), 
the salinity ranged from 1–6 psu despite very different 
depth profiles, but fluctuation of salinity was quite differ-
ent.  The point 1, 2, 3 of Fig. 8 pointed out, observed salin-
ity around Phu Xuan Station had the significant variation 
at the same recording time.  Point 1 of Fig. 8 showed the 
salinity slightly changed from 3.0 to 4.0 psu from top to 
bottom, point 2 fluctuated in the range of 3.1–4.1 psu.  
Meanwhile, the profile of point 3 had sharply changed of 
3.6–7.1 psu.  This pointed that, the Soai Rap River con-

Table 1.   HOBO U24 conductivity data logger specifications

Operating Range 2° to 36°C 

Memory 64 KB

Sample Rate 1 second to 18 hrs

Battery 3.6 Volt lithium battery

Battery Life 3 years (at 1 minute logging)

Maximum Depth 70 m

Weight 193 g 

Size
3.18 cm diameter × 16.5 cm, with 
0.63 cm mounting hole

Table 2.  CastAway CTD data logger specifications

Operating Range –5° to 45°C

Memory 15 MB

Sample Rate 5 Hz

Battery 2 AA alkaline batteries

Battery Life 40 hours continuous use

Maximum Depth 100 m

Weight 0.45 kg

Size 7.11 cm diameter × 20.32 cm

Fig. 4.  Nga Bay Station.

Fig. 5.   Locations of salinity profiles taken by the CastAway 
CTD data logger.
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Fig. 6.   Calculated tidal level at Vung Tau Station and time series 
of surface salinity and temperature at Phu Xuan Station 
from 09:30 (local time) December 7th to 08:30 December 
8th, 2017.

Fig. 8.   Salinity profiles at the 24 observation points (Fig. 5) recorded on December 10, 2017.

Fig. 7.   Calculated tidal level at Vung Tau Station and time series 
of surface salinity and temperature at Nga Bay Station 
from 14:00 (local time) December 8th to 12:00 December 
10th, 2017.
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Table 3.  Observed salinity values at the water’s surface and bottom for 24 observation points (see Fig. 5)

Point
Time 

(December 
10, 2017 )

Distance to Vung 
Tau Station (km)

Observation depth (m)
Salinity at 

observation depths 
(psu)

Depth–averaged 
salinity (psu)

1 09:02 48.00
Surface 0.15 3.00

3.52
Bottom 16.67 3.98

2 09:16 46.63
Surface 0.15 3.08

3.48
Bottom 4.80 4.14

3 09:23 45.26
Surface 0.15 3.63

5.59
Bottom 18.13 7.14

4 09:32 43.43
Surface 0.15 4.28

6.33
Bottom 18.43 7.33

5 10:00 38.87
Surface 0.15 7.21

10.72
Bottom 24.67 13.08

6 10:26 34.74
Surface 0.15 13.49

15.28
Bottom 13.09 16.34

7 11:18 32.12
Surface 0.15 12.48

13.31
Bottom 21.26 13.58

8 11:33 29.71
Surface 0.15 15.33

16.75
Bottom 15.13 17.72

9 11:53 26.06
Surface 0.15 18.54

19.27
Bottom 24.46 20.39

10 12:11 22.86
Surface 0.15 18.05

19.97
Bottom 9.86 20.52

11 12:22 21.03
Surface 0.15 19.54

22.56
Bottom 15.11 24.32

12 12:43 17.83
Surface 0.15 20.14

25.63
Bottom 19.84 28.04

13 12:54 16.46
Surface 0.15 21.08

25.14
Bottom 12.36 29.61

14 13:00 14.17
Surface 0.15 22.23

24.96
Bottom 11.77 28.73

a 13:16 12.81
Surface 0.15 24.07

24.11
Bottom 2.73 24.14

b 14:06 15.54
Surface 0.15 23.84

23.87
Bottom 6.87 23.9

c 14:51 17.91
Surface 0.15 24.11

24.25
Bottom 4.86 24.33

15 15:17 20.57
Surface 0.15 23.69

23.66
Bottom 2.90 23.64

16 15:37 22.41
Surface 0.15 14.16

20.60
Bottom 6.73 25.43

17 15:47 24.69
Surface 0.15 13.86

21.51
Bottom 9.40 27.09

18 16:20 28.34
Surface 0.15 10.96

17.27
Bottom 11.21 21.68

19 16:50 36.11
Surface 0.15 6.84

9.88
Bottom 9.30 12.10

20 16:56 37.49
Surface 0.15 6.72

8.94
Bottom 8.17 10.62

21 19:09 38.86
Surface 0.15 6.33

6.79
Bottom 7.83 7.93
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taining most of the downstream flow compared to the 
smaller Long Tau River.  

Along the upper Long Tau River (above Nga Bay 
Station), from points 3 to 9, the salinity change from top 
to bottom ranged mostly between 2–4 psu, though each 
profile followed a similar increasing trend with water 
depth.  One exception occurred at point 5, where the 
salinity increased from 7.2 psu to 13.1 psu because this 
location is the intersection point of the upstream branch 
of Long Tau River which received a massive amount of 
water from Sai Gon – Dong Nai River system and two 
downstream branches of Long Tau River.  Overall, the 
maximum salinity increased in a seaward direction, 
except at point 6 and point 7, the salinity of point 7 was 
lower than point 6.  The reason for this difference was 
that point 7 which was located at a small branch of the 
Long Tau River and so received less saltwater than point 
6.  The salinity at points 7, 8, and 9 changed only a little 
from top to bottom because these points were located in 
an area of high water velocity which mixed the freshwa-
ter and saltwater more thoroughly, thus there was not so 
different between salinity in top and bottom of water.  

Along the lower Long Tau River (downstream from 
Nga Bay station), the salinity range for points 10 to 14 
reached 8 psu, and the vertical profiles changed down-
stream.  The river’s cross–section underwent significant 
change over this stretch and the confluence of many 
tributaries caused hydrodynamic changes in addition to 
the salinity variations.  This was particularly true for 
points 12, 13, and 14 located along Can Gio Cape at the 
intersection of the river and the sea, where the river was 
especially wide and the water velocity was low.  Thus the 
mixing of freshwater from rivers and saltwater from the 
sea was not strong, leading to a more segregated salinity 
profile as the denser (and more saline) seawater 
remained below the less dense freshwater.

Along the Soai Rap River, from points 16 to 21, the 
salinity at the bottom was always higher in shallower 
water, but the vertical profile did not follow a similar 
trend as in the Long Tau River.  The salinity changed dra-
matically in the top layer of water and but only increased 
insignificantly in the bottom layer.  At points 16, 17, and 
18 at the mouth of the Soai Rap River, where the chan-
nel was wider than the Long Tau River, the salinity range 
from top to bottom was more than 10 psu, higher than 
observed in the latter.  Point 19 and 20, located at the 
intersection of the Soai Rap and Vam Co Rivers, had 
higher water velocity, so the range from top to bottom of 
water was lower than at points 16, 17, and 18.

However, the general trend of salinity rising with 
water depth was not applicable at points 15, a, b, and c, 
along the branch connecting Can Gio Cape to Dong 
Tranh Cape.  At these locations, the salinity changed very 
little or in either direction with depth; point 15 actually 
showed decreased salinity from top to bottom over 3 m 
depth.  This suggests that, when water current is almost 
static and the hydrodynamic regime changes slowly, the 
salinity is almost unaffected by the water depth.

The amplitude of salinity between the top and bot-
tom of the river depended on the flow regime and magni-

tude of velocity as well as water depth.  The salinity in 
the sea exceeded 30 psu, declining to 23 psu at the mouth 
of the Soai Rap River and 25 psu at the mouth of the 
Long Tau River.  The salinity in the latter was higher than 
in the former because latter was deeper and narrower.  
The salinity in the Soai Rap River declined to about 9 psu 
at the intersection with the Vam Co River and further 
decreased to 3 psu upstream at Phu Xuan Station.  The 
salinity in the Long Tau River declined to about 20 psu at 
Nga Bay Station and decreased to 3 psu at Phu Xuan 
Station.

CONCLUSIONS

We collected salinity, temperature, depth, and other 
readings in several river channels within the Can Gio 
mangrove forest of southern Vietnam during the wet 
season, from December 7–10, 2017.  Our results showed 
that the salinity declined from upstream to downstream 
(toward the sea) at about 0.5 psu/km.  However, the range 
of salinity in the vertical profile differed by location and 
water depth.  The Long Tau River was deeper and nar-
rower than the Soai Rap River and thus had higher salin-
ity.  The salinity profiles were also affected by proximity 
to the sea; at Dong Tranh Cape the surface salinity ranged 
from 10–14 psu in comparison with the bottom salinity of 
22–27 psu, with a sharp gradient between them showing 
less mixing than in upstream areas; a similar pattern was 
observed at Can Gio Cape, despite a lower salinity range.  
Finally, the salinity profiles were strongly influenced by 
the tidal regime of the area, with tidal effects particularly 
significant near the river mouths and weakening upstream 
toward Phu Xuan Station.  
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