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Abstract

A comparative study on the characterization of the physicochemical and hydrodromorphological parameters of the rivers Ogooué,
Rembo Bongo and Nyanga in Gabon was carried out in order to understand the structure of their operation on the one hand and to
assess their ecological status on the other hand. The study showed that the Ogooué River is very different from the other two by
its depth, the speed of its current, its total hardness and the structure of its sediments. The Rembo Bongo River and the Nyanga
River contain over 55% sand. But the Nyanga River is richer in sandstone (26%).1n general, the physicochemical parameters of
the three rivers are within the limits of the desired values for a better growth of many fish and other aquatics organisms. Overall,
the waters are relatively well oxygenated, are weakly mineralized and are sufficiently transparent with a low concentration of
nitrogen and phosphate nutrients, thus translating a stable ecological state of the threerivers.

Keywor ds: Physicochemical and hydromorphological parameters, Three Rivers, Gabon

I ntroduction

Fish lives for a long time in a hydrosystem (rivers,
lakes, lagoons ...) when it finds a set of favorable
environmental  conditions  (physicochemical and
trophic environment) for its growth and reproduction
(Lévéque, 1995). However, nowadays, around the
world, many of aguatic ecosystems are serioudy
affected by human activities (fishing, agriculture,
deforestation, various pollutions ...). As a result of
population growth and survival requirements, these
activities are intensifying, and the overexploitation of
resources is usually the consequence. Faced to these
disturbances and threats on the structure and on the
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biodiversity of aguatic ecosystems, it is urgent to
undertake studies on the water quality of these
environments in order to their preservation. A lot of
methods exist nowadays to assess water quality of
hydrosystems such as physical-chemical methods,
biological methods... All of them are complementary
to know more on the ecologica status of
hydrosystems.

In West Africa, a lot of studies have been done. We
could mention among others those of Iltis and
Lévégue (1982), Pouilly (1993), Laéyé (1995),
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Chikou (2006), Montchowui et al. (2007), Ahouansou
Montcho et al. (2011), Adandedjan (2012), with the
am of better preservation of resources. In Centra
Africa, with the exception of the Congo River basin
(Dupré et al., 1996, Pwema 2004, Mbadu Zebe, 2011)
studies on the physico-chemical quality of continental
waters are rare. In Gabon, except for the Ogooué
watershed, studied in its lower course (Loubens, 1966,
Mbega, 2004) the  physico-chemical and
hydromorphological characteristics of the other main
watersheds of the country (Nyanga, Komo, Ntem,
Woleu) are amost unknown. Moreover, at the
international level, Gabonese aguatic environments as
a whole are absent from the FAO databases
(Welcomme 1985, 1989, 2005, Van Den Boosche and
Bernacsek., 1990).

The present study aims the characterization of some
physicochemical and hydromorphological parameters
of three rivers of Gabon (Rembo-Bongo, Ogooué and
Nyanga) in order to constitute a database useful for the
management of the aquatic environment.

Materials and M ethods

Study area

The rivers investigated here concerned the Ogooué,
Rembo Bongo and Nyanga in Gabon. The Ogooug, the
first river sampled is the largest river in Gabon with
1,200 km long, and 214,000 km? of surface area. It has
its source in the Batéké plateaus in the south-east of
Gabon and travels more than 1000 km before flowing
into the Atlantic Ocean to the west of Gabon (Fig. 1).
The portion of the river concerned by our study is
located in the lower basin between the Mboumi 1 site
(00°62" S - 010°26' E) and Lamba 2 site
(00°41'20.9" S - 010°13' E) in western center of Gabon
(Fig.1). In this sector the average flow of water is
4260 m3/s. The maximum value is obtained in
November (6481 m3/s) and the minimum in December
(6106 m3/s).

Rembo Bongo (Fig.1), the second river sampled, is a
small river of 200 km long and about 45 m wide. Little
information about this coastal river is known.
However, it is the most important tributary of the
Ndougou lagoon (area = 630 km?), the largest lagoon
in Gabon (Anonymous, 2008). Also, it is connected to
several small rivers and lakes such as Douegui,
Moanda, Mboula, Ngoungou, Mafoumi, Goré, Kivoro,
Longo Longo. It aso originates in the Chaillu Massif
(Mount Birougou) in southern Gabon (Fig.1).
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The portion of the river concerned by our study is
located in the lower basin between the Mafoumil site
(02°21 S - 010°09' E) and Moanda 2 site (02°25’S -
010°08’E) in northern of Ndougou lagoon (Fig.1)

The Nyanga River, is the second river in Gabon after
the Ogooué by its length, 600 km and surface area
(22400 knmp).It takes also his source in the massif
Chaillu (Birougou mount) in southern of Gabon
(Fig.1). The portion of the river concerned by our
study is located in the lower basin between Igotchil
site (02°43’ S - 010°30’ E) and Mavanza 2 site (Fig.1).
These three rivers are under the influence of the
tropical equatorial climate (Rabenkogo, 2007)
characterized mainly by two hydrological seasons:
a rainy season of 8 months (September-April) and a
dry season of 4 months (mid — May and August).
Rainfall varies from 1900 to 2200 mm and decreases
from south to north. However, the dry season is
characterized by a small dry season from mid-
December to mid-February, and the 8 months of the
rainy seasons are interspersed with a small rany
season from mid-September to Mid-December and
major rainy season from March to mid-June.

Sampling

The data were collected from June 2010 to July 2011,
between 06:00 and 09:00 am of the morning, on al the
sampled sites, a a rate of two collections per month
according to the four hydrological season of the year,
i.e. in great rain season (March in mid-May), in small
rain season (September in mid-December), in great
dry season (mid-May at August) and small dry season
(mid-December at February). Twelve stations were
selected in total, four stations per river.

The choice of these stations was particularly motivated
by three main reasons: their accessibility in all seasons
of the year, the various types of habitat encountered
and the permanence of water al the year. The
geographical coordinates of the stations were obtained
by means of GPS (Global Position System).

The physicochemicals parameters pH, conductivity,
temperature water, dissolved oxygen and saturation
rate were measured by means of Hanna
multiparameter HI 98130.

Transparency was measured by the Secchi disc. The
depth was obtained using a string graduated in
centimeter at the end of which there isaballast.
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The surface water velocity (Vs) was measured in the
field using a float. To do this, we have timed the time
taken by afloat to travel adistance of 1 m measured at
the decameter. This exercise was repeated three times
per station. The velocity is then equa to the distance
travelled (1 m) relative to the average time (in
seconds). The current velocity (Vc) is: Vc=0.80 x Vs
(Adandédjan, 2012), it is expressed in (cm/s).Some
nutrients such as nitrate, nitrite, and phosphate were
aso analyzed using a HAC 2000 spectrophotometer.

Additional sediment samples were collected at each
station to analyze grain size using conventional
techniques. Sand and fine fractions (clay + silt) were
expressed as a percentage according to Intes and Le
Luff, (1986)

Data analyses

The Shapiro-Wilk test (Shapiro-Wilk, 1965) was
applied to verify whether the distribution of physico-
chemica and hydromorphologica parameters of each
river is normal. The nonparametric tests of Kruskal-
Wallis (1952) and Mann-Whitney (1947) were used.
The Kruskal-Wallis test was used to test the variability
of the parameters between al stations of the same
river and between the different groups defined by the
self-organizing map of Kohonen (SOM) (Kohonen,
1982 and 1995). The Mann-Whitney test was used to
identify differences between stations or groups of
stations and seasons taken two by two.

Spatial and seasona variations of physico- chemical
parameters of three rivers are expressed in the form of
boxplot. In addition, these parameters were processed
using the Kohonen self-organizing map (SOM)
(Kohonen, 1982 and 1995) to order the sampling
stations of the three rivers according to similarities
environmental variables. In fact, based on quantization
and topography errors, a Kohonen map of 25 cdls (5
rows x 5 columns) was selected for projecting the 121
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samples of the 12 sampling stations (Mavanzal,
Mavanza 2, Igotchi 1, Igotchi 2, Mafoumi 1, Mafoumi
2, Moanda 1, Moanda 2, Lambarene 1, Lambaréné 2,
Mboumil, Mboumi2) respectively from the three
rivers Nyanga, Ogooué and Rembo Bongo. Twelve
physical, chemical and granulometric parameters
(temperature, water clarity, depth, dissolved oxygen,
the oxygen saturation level, total hardness, pH, and
conductivity, sand percentages of sandstone, of
limestone and fine particles) were used for the
analysis.

The discriminant factor analysis (AFD) was applied to
identify the environmental variables that best
discriminate the groups defined by SOM from the
environmental data matrix. Next, the significance of
the AFD is tested by Monte Carlo permutation test
(999 permutations).

The percentage of prediction of groups was obtained
through the AFD analysis and validated by the
"Mahalanobis™ distance squared." Finally, the «leave-
one -out " or against check is performed to evaluate
the model's ability to predict for each predefined group
membership of each site. The discriminatory power of
each parameter has been highlighted by thetest " A "
of Wilk All analyzes except neurons were conducted
using Statistica Version 6 software.

Results

Spatial variations of physical and chemical parameters
of waters of the three rivers were presented in Figure
2. Analysis of the variances using the Shapiro-Wilk
test shows that the distribution is not normal (p> 0.05).
Tablesl and 2 summarize the Kruskal-Wallis tests of
spatial and seasonal variations of these physico-
chemical parameters. The figure 3 illustrates the
seasonal variations in physico-chemical descriptors of
study environments.
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Table 1: Synthesis of the results of the Kruskal-Wallis (H, p) comparison tests on the spatial variations of the

physicochemical parameters of the threerivers.

Parameters Rembo Bongo River Nyanga River Ogooué River

H H p H p
Water temperature 7.55 NS 1.688 NS 6.81 NS
Depth (m) 23.79 stk 18.943 s ko 27.23 ok
Transparency (cm) 1.46 NS 2.736 NS 6.30 NS
Current Vel ocity 8. 695 NS 6.47 NS 25.53 ek
pH 0.83 NS 0.10 NS 2.62 NS
Conductivity (uS/cm) 5.59 NS 1.387 NS 0.986 NS
Dissolved Oxygen 1.39 NS 0.93 NS 0.143 NS
Rate saturation (%) 1.39 NS 0.83 NS 0.44 NS
Tota Hardness (mg/L) - 1.85 NS 7.67 *

NS = not significant; * = significant; **=* = highly significant;

Table 2: Synthesis of the results of the Kruskal-Wallis (H, p) comparison tests on the seasonal variations of the

physicochemical parameters of the threerivers.

Parameters Rembo Bongo River Nyanga River Ogooué River

H p H p H p
Water temperature (°C) 8.062 s 24.156 otk 10.63 s
Depth (m) 7.86 * 8.63 * 4,77 NS
Transparence (cm) 197 NS 22.998 *okk 18.080 *oxk
Veocity of Current (cm/s) 5.42 NS 20.794 otk 2.06 NS
pH 17.117 ok k 1.84 NS 711 NS
Conductivity (uS/cm) 20.67 * ok 14.494 *okk 1.493 NS
Dissolved Oxygen (mg/L) 5.44 NS 19.900 *okk 448 NS
Rate saturation (%) 4.66 NS 18.283 *okk 4.84 NS
Total hardness (CacOs) 6.67 NS - - 15.54 sk ok

NS = not significant; * = significant; = = highly significant

Water temperature

In the Nyanga River (Fig. 2) the average temperature
for the whole river was 26.08 + 1.09°C. In the Rembo
Bongo River (Fig.2) the average temperature for the
whole river was 25.9 + 1.05°C. In the Ogooué river
(Fig. 2) the mean temperature for the whole river was
26.6 + 0.61°C. Overall, the temperature did not vary
significantly from one station to another on the three
rivers (p> 0.05) (Fig. 2). However, the water
temperatures of the three rivers varied significantly
according to a seasonal cycle (p <0.05) (Fig. 3).

Depth
In the Nyanga River (Fig. 2) the average depth for the

whole river was 4.5 + 0.86 m. In the Rembo Bongo
River (Fig. 2) the average depth of the whole river was
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2.7 £ 0.65 m. In the Ogooué River (Fig. 2) the average
depth for the whole River was 4.8 £ 0.93 m. Overall,
this parameter varied greatly along the three rivers (p
< 0.001) (Fig. 2). In addition, there isaslight variation
in depth between different river and according to
hydrological seasons (p <0.05) showing lower values
on Rembo Bongo at all times (Fig.3).

Transparency

In the Nyanga river (Fig. 2) the average transparency
for the whole River was 79.65 + 27.33 cm. In the
Rembo Bongo River (Fig. 2) the average transparency
for the whole River was 72.13 £ 879 cm. In the
Ogooué River the average transparency for the whole
River was 75 + 10.32 cm. Thus, in al three rivers, the
transparency did not vary significantly (p> 0.05) (Fig.
2) but showed a significant seasonal variation (p
<0.05) from one river to another (Fig.3).
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Current velocity

In the Nyanga River (Fig. 2) the average flow velocity
for the whole River was 24.26 = 8.6 cnm/s. In the
Rembo Bongo River (Fig. 2) the average water
velocity for the whole River was 29.72 + 10.45 cm/s.
In the Ogooué River (Fig. 2) the average velocity for
the whole River was 52.36 + 10.13 cm/s. Moreover, of
the three rivers studied, only the Ogooué river
experienced a highly significant longitudinal variation
of the velocity (p < 0.001) (Fig. 2). Overdl, the
velocity of the current in the three rivers experienced
significant seasonal variation (p < 0.05), with very low
valuesin all periods on the Nyanga River (Fig. 3).

pH

In the Nyanga River (Fig. 2), water is basic with the
average pH (pH = 8.1 = 0.05). It was the same in the
Rembo Bongo River (Average pH = 7.4 £ 0.14). In the
Ogooué River (Fig. 2), water is acid with the average
pH (pH = 6.6 = 0.179). Overal, these pH values
varied significantly in the three rivers (p <0.05) (Fig.
2). However, the pH of the Rembo Bongo River varied
considerably from one season to another (p <0.001),
which was not the case for the other two rivers (Fig.3).

Conductivity

In Nyanga River (Fig. 2) the average conductivity for
the whole River was 64.1 = 17. 06 uS/cm. In the
Rembo Bongo River it was 61.6 + 15. 04 pS/cm. In
the Ogooué River (Fig. 2) the average conductivity of
the whole River was 24.9 + 1.55 uS/cm. Overall the
conductivity values recorded on the Nyanga River
were high (p < 0.05) while those obtained along the
Ogooué River were relatively lower (p < 0.05)(Fig.2).
Furthermore, the water conductivity values vary
significantly according to a seasona cycle (p < 0.001)
on the Rembo Bongo and Nyanga rivers (Fig. 3) and
they were very low during all seasons on the Ogooué
River.
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Dissolved oxygen and the saturation rate

In the Nyanga River (Fig. 2) the average of Oxygen
for the whole River was 8.3 = 1.23 mg/L (. In the river
Rembo Bongo (Fig. 2) the average oxygen for the
whole River was 7.7 = 0.83 mg/L. In the Ogooué
River (Fig. 2) the average conductivity for the whole
River was 7 + 0.16 mg/L. Overall changes inter- and
intra- River were not significant (p > 0.05) (Fig. 2). On
the seasonal plan no change was observed for the river
Ogooué and Rembo Bongo about this parameter while
for the Nyanga River the variation from 6.3 mg/L
(GRS) to 12.7 mg/ L ( GDS) was highly significant (p
<0.05) (Fig. 3). Moreover, the most important peaks in
dissolved oxygen concentrations were found in for the
threerivers.

In the Nyanga River (Fig. 2) the average saturation
rate for the whole River is 108.46 = 16%. In the
Rembo Bongo River (Fig. 2) the average saturation
rate for the whole River was 98.9 + 12.64%. In the
Ogooué River (Fig. 2), the average saturation rate for
the whole River was 88.95 + 2.52%.For the whole the
changes of this parameter in the three rivers were
significant (p < 0.05) while in different study stations,
they were not significant (p> 0.05) (Fig. 2).
Furthermore, the oxygen saturation rate broadly
followed the same trends as dissolved oxygen in the
three streams according to the seasons (Pearson
correlation r = 0.99; p < 0.05).

Total hardness

In Nyanga River (Fig. 2) the average hardness for the
whole River was 45.56 + 12.33 mg /L. In the river
Rembo Bongo (Fig. 2) the average hardness for the
whole of the river was 36.34 + 7.89 mg/L. In the
Ogooué River (Fig. 2) the average hardness for the
whole River was 41.74 + 1224 mg/L. Overdl
hardness values have varied dightly along the Ogooué
(p < 0.05) unlike the other two rivers (Fig. 2). The
lowest values (20 mg/L) and the highest values (88
mg/L) of total hardness were found on the Ogooué
River in rainy seasons while in the other rivers the
highest values were observed in dry season (Fig. 3).



Int. J. Adv. Res. Biol. Sci. (2018). 5(4): 186-201

Temperature (°C) Depth (m)
29 T : 12 B : :
28 | : | Aapee | :
=l ' 1 s : :
75 - I i
25 E | ' 1° .? '
Lo | P2 PrHO0
5 i N i
23 p»005 : ! 2 %ll_%l !
29 A i 0 e
Transparencg.r {cm} ‘Jeloclt:.r of current {cmls}
. ; HO — T ——
B0 p>00s | ' oof p<00s : | 1
120 : I 10 ' .
90 ' . " : :
- ’ : = g@@ |
N L znn e !
pH Conductivity (mS/cm)
1 T —_— 1“0 : : i
p<005 ' - vo| P=005 :
9 I : 1 ' i
, 1 w0of ' i
S %%: BD- : |
? |
i
i 401 ]
6 E@ bl JESEE =S
5 . ' 0 :
Dissolved oxygen (mg/L Rate saturation {%}
TS —— 180 — et ,
2 P ' : ] B0 p<005 : :
1 I . 1 ' :
-m [} E HO : ]
] 1 B0
; e P S50 |
& ! { &0 El 1
: : o igl Ig2 Mv2 Mb1 Mb2 Lal L2
v = W b
TmalHardness{ng'L} A e ”f’”"_'{;_ i T A e e
i p =005 I ! Rembo Bongo MNyanga Ogooué
0 [ I
: i
A0
5555 :@@
2] i
D 1
MF1 M2 mmmh Ig1 a2 Mv1 MvZ Mb1 Mb2 La1 LD
-+ - == —b* ....... ;=== ...h.
Rembo B ongo Nyanga Dgooué

Figure 2: Spatid variations of the physical parameters of Rembo Bongo, Ogooué and Nyanga rivers of Gabon. Mf1
= 1; Mafoumi mf2 = 2; Mol Moanda = 1; MoandaMo2 = 2; Igl =
= 1; Mv2 Mavanza = 2; Mbl Mboumi = 1; Mb2 Mboumi = upstream ; Lambaréné Lal = 1; A2 = Lambaréné 2.
Figures 1 and 2 respectively represent in "downstream™ and «upstream«of sampling station. P represents the result of

M af oumi

the Kruskal-Wallistest of the environmental variables compared of the threerivers.

192

Igotchi 1; Igotchi ig2 = 2; Mvl Mavanza



Int. J. Adv. Res. Biol. Sci. (2018). 5(4): 186-201

Temperature {“C] Depth {rn]
2 T T T« T T T T T
. p =005 : : pl P=008 : :
pid! | : : :
s @ é %I 1= ? 8 : ]
I | - e@éé : g &
5] 5 i zéé@%
Z 1 i D i i
Transpamncy [cm} 'l."elocm_f of current {cm-s}
B0 ¢ . 5 T | T X T . o T K0 T T I
w4l P =005 : : pol P 005 : :
20} : : oy : '
00 ] : % a0 ! :
af ! == sof : -
Jd=fPe by e | [UENIEE
4075 : @ : 27 ]
I B e T
pH Con dur.tmty :ms.f-:m}
i} T T Ho
i p=005 . B0} p=0,05 |

1
o '
o =| |5 -
s =]
1 i
L {1 6B0f
7 : H_e= = =
| . a0} ;
6l 1 ] @ ] | | 1&!—
1 i -
5 T ] 0 T
Dlssulved oxygen (m g /L Rate saturation {%}
B T T ; T B0
5 ' 0,05
pt P <005 ; : EIJ'FH |
d : : -
o , Hof
gt S gelil
i T EIJ = [ =Sa)
7 LIS E QQQ ] S Q O |
) MR P " = -
. Total Hardness (ngL:l SRS 505 GRS GDS SRS 5D5 GRS GDS SRS 5D5 GRS GDS
; ! * === e - - - - »
p <0,05 i !
aor | H Rembo Bongo Nyanga Cgooué
1] ]
aol ! EI: |
B H
of —— THBEE= g -
ol — i - 1N
]
| |
0
SRS 5D5 GRS GDS SRS SD5 GRS GDS SRS 5D5 GRS GDS
R e R A i =
Rembo Bongo Myanga Ogooué

Figure3: Seasonal variations of physico- chemical parameters of river Rembo Bongo, Ogooué and Nyanga over the
period of the study. SRS = small rainy season, SDS = Small dry season, GRS = Great rainy season, GDS = Great dry
season. Pisthe result of Kruskal -Wallis comparison between classes of water environmental variables.

Granulometry composed of clay (30%) and silt (25%) showing a
higher siltation rates. The Nyanga River bottom is
Figure 4 shows the result of granulometric analysis of dotted of the sandstone (26%), while the Rembo
the substrates of the three study area. In fact, the Bongo River is dotted with clay (37%). But, the three
bottom of Ogooué River is rich in fine particles rivers are composed of more than 50% of sand.
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Figure 4: Results of granulometric analysis of the substrates of the threerivers.

Similarity

Figure 5 shows the hierarchical classification of the
cells produced by the Kohonen map based on the
physicochemical parameters of the three rivers. 25

ar

cells are divided into three groups (I to IlI). The
numbers (1 to 25) correspond to the cell numbers and
the Roman numerals (I to IIl) represent the groups
selected.

2.5¢

Euclidean distance

1500,

o

910 4 &5 3 814—1513201323192‘1—25 1 7T 2 6111216172122

Numero of cells

Figure 5: Hierarchical classification of cells of the Kohonen map on the basis of the physico -chemical parameters
measured on streams with the Ward method and Euclidean distance as distance assembly. The numbers (1 to 25)
correspond to the numbers cells, the Roman numerals (1 to I11') represent the selected groups

Figure 6 of the Kohonen map shows the distribution of
samples collected in the three rivers based on
physicochemical parameters. The groups defined by
the map are numbered from | to Ill and the cells
corresponding to each group are differentiated by
common characteristic features.

The sampling sites for each river were represented by
the codes. Thus the codes A1 (Station Mafoumi 1), A2
(Mafoumi 2), M1 (Moanda 1), M2 (Moanda 2)
correspond to the Rembo Bongo River, codes 11
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(lgotchil), 12 (lgotchi 2), V1 (Mavanza 1), V2
(Mavanza 2) correspond to the Nyanga River, codes
L1 (Lambaréné 1), L2 (Lambaréné 2), B1 (Mboumi
1), B2 (Mboumi 2) correspond to the Ogooué River.

The second and third numbers, ranging from 1 to 4,
indicate the sampling seasons (small rainy season = 1,
short dry season = 2, large rainy season = 3, large dry
season = 4). The numbers from 1 to 25 in the cell
angle represent cell numbers
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Figure 6: Distribution of samples collected from rivers on the map of Kohonen from environmental variables . The
defined groups are numbered from | to |11 and the corresponding cells are labeled with different features ; Al; A2
B1;B2;11;12;L1; L2; M1; M2; V1 and V2 are the sampling sites of the codes from the threerivers ( A1 = Mafoumi
1, A2 =Mafoumi 2,M1= Moandal, M2 = Moanda2, |1=Igotchil, |12 = Igotchi 2, V1 = Mavanza 1, V2 = Mavanza 2,
L1 = Lambarénél, L2 = Lambaréné 2, B1 = Mboumi 1, B2 = Mboumi 2). The second and third numbers next ( 1-4)
indicate the sampling seasons ( short rains = 1, Small dry season =2, rainy season = 3, long dry season = 4). The
numbers 1 to 25 in terms of the numbers of cells represent cells

The discriminant analysis (AFD) carried out on these
groups showed that they were well predicted at 100%
and digtinct (the significance test of the distance
between the centers of gravity is highly significant:
p < 0.001). The discriminating power of the parameter
s was highlighted by the "A" Wilk test (Tab.3). Seven

physicochemical parameters showed a significant
discriminating power (p < 0.05) for the different
defined groups. These parameters are the depth, the
conductivity, the velocity current and the rate of
limestone, sandstone, sand and fine particles.

Table 3: Environmental parameters have a significant discriminative power of the groups defined for all waterways
according to Kohonen map ( A Wilk test at the 0.05 level )

Effects I p

Depth (m) 0.76330 0.000000
Conductivity (uS/cm) 0.9576 0.02664
Veocity of current (cm/s) 0.83598 0.000007
Total Hardness (%) 0.28726 0.000000
Clay + Silt (%) 0.793204 0.000000
Sand (%) 0.361665 0.000000
Sandstone (%) 0.29450 0.000000

Thus, group | was composed of 41 samples from only
stations Ogooué River (Mboumi 1 Mboumi 2
Lambarénél and Lambaréné 2).It is characterized by
physical parameters such as water temperature, depth,
transparency and current velocity, two of which have a
very significant discriminating power (Fig.5, Fig.6,
and Tab.3).Group Il gathered 20 samples exclusively
from stations Igotchi 1 and Igotchi 2 of Nyanga
River.It is characterized by pH, transparency,
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limestone and sandstone values relatively high
(Fig.6;Fig.8; Tab.3.10).The group Il is composed of
60 samples consisting essentialy of samples of the
river Rembo Bongo (40 samples from Mafoumi
stations 1 and 2; Moanda 1 and 2) and those from
Mavanza stations 1 and 2 of Nyangariver. This
assembly is characterized essentially by the
granulometrics parameters (Sand, fine particles and
sandstone) high (Fig.7, Fig.8; Tab .3).
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Figure7: Gradient values of each environmental variable on the Kohonen map. Dark color = strong values; light color
= low values; d = scale, Te = temperature (°C); Depth. = Dep (m ) Tran = Transparency (cm) ; Con = conductivity ( S
/cm) , O2 = dissolved oxygen ( mg/ L) , Rs = Rate saturation ( %), V = velocity (cm/ s), Lim =% limestone ; C+ S
= clay and silt rate (% ), sand rate (%) = SR, Sandstone = Sandst

Variation of nutrients

Figure 8 presented seasona variation of nutrients into
rivers during the study. Nitrates values ranged from
0.13 mg/L during small dry season to 0.029 mg/L for
the other seasons on the Rembo Bongo River.lts
values ranged from 0.029 to 0.04 mg/L on the Nyanga
River al times while on the Ogoouéthey ranged from
245 mg/L during the small rainy season to 0.001
mg/L for any other season.Nitrite values were the
same in al rivers. They ranged from 0.019 to 0.042
mg/L on Rembo Bongo, 0.033 mg/L on the Nyanga
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River and 0.08 mg/L on the Ogooué River.The
phosphate levels were lowest in Ogooué with values
ranged from 0.029 in any period to 0.22 mg/L in the
small rainy season. In the Rembo Bongo River, they
ranged from 0.046 to 2.75 mg/L while in Nyanga
River the rates ranged from 0.16 to 1.53 mg/L.Overall
these levels of dissolved salts showed no significant
longitudinal variation intra- rivers with the exception
of phosphates (p < 0.01 on the Ogooué ).As for
seasonal variations, nitrates and nitrites varied very
significantly (p < 0.01) on the Ogooué River.
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Figure 8 seasonal variation of nutrients into rivers during the study. P isthe result of the Kruskal Wallistest.

Discussion

The study of physical and chemical quality of the
water of the three rivers allows to make some overall
observations and analyzes. The bottom of these three
riversis very sandy. They certainly undergo the action
of a strong erosion related to the physica and
chemical processes such as the winds, the strong
currents and the dissolving action of the water
(Anonymous, 2009a).

The waters were generadly basic in Nyanga and
Rembo Bongo rivers except in Ogooué River where
they are acidic. Seasona changes of pH were observed
in the three rivers and the peaks were higher in the dry
season. These variations are in part a result of
hydroclimatics variations. In fact in equatoria
geographic region, the long dry season is marked by a
significant decline of rainfal, by a reduction of flow,
an increase in evaporation and finally an increasein pH
and transparency (Mbega, 2004).Conversely the
massive precipitation of the smal rans are
accompanied by increased flow and the exogenous
inputs from the soil leaching. The combination of
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these two phenomena cause a reduction in pH and
transparency (Mbega, 2004). Furthermore, the pH
values obtained in all three ecosystem accurately
reflect changes of physico-chemical parameters then
these pH changes are fairly well correlated with those
of the hardness. Overall, pH values are within the
tolerable range (5 to 9) of most aguatic Species
(Ahouansou Montcho et a., 2011).The Rembo Bongo
and Nyanga rivers with annual pH ranging from 7 to 8
are considered to be low akalinity hydrosystems after
Nisbet and Verneaux (1970). The acidity of the
Ogooué River is consistent with the results of Mbega
(2004).

Furthermore, with a total hardness ranged from 26 to
88 mg/L of CaCo3 the waters of these three ecosystem
are generallypure, that is to say weakly rich in calcium
and magnesium salts in the form of carbonates and
bicarbonates (Zerbi, 2004). However, with a high total
hardness close to 90 mg / L in the short rainy season,
the waters of the Ogooué river are moderately hard, ie
ranged from 75 to 150 mg/L of CaCO3 according to
the classification According to Zerbi (2004).
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Also, even though the role of hardness in water
productivity is still poorly known, in generd,
according to the author, the hard water without excess
of 200 to 300 mg/L of CaCO3 is suitable.

The values of current velocity were generally weak for
all water courseduring the large and small dry season
when the depth is low. However, the lowest value was
recorded in the Ogooué river. This result can be
explained by the fact that during these periods of low
rainfall, water levels drop dramatically and the widths
of the main course are shrinking. In places the
stagnant water pockets form and the sandbanks
appear. Everything generally contributes to dow
currents and reduce the speed of movement of water in
some places, even though it is known that the decrease
of the surface of water course increases the flow
(Kabre, 2009).

Overall, the conductivity of the water was very low
but still lower on the Ogooué than on the others water
course in all seasons. Low conductivity for these
ecosystem is synonymous with low mineralization of
fresh water. It is known that this parameter which
varies according to the temperature and the mobility of
the water is closely related to the nature and the
concentration of dissolved substances but also to their
ionic charge and ionizing capacity (Derwich et al,
2010; .Ali Ben et al, 2012). The waters of the ogooué
River are less |oaded with dissolved salts than those of
the other two rivers and appear less productive
(Mbadu Zebe, 2011). Our results corroborate with the
observations of Mbega (2004) which have aso
obtained a very low average conductivity (24.4 uS/cm)
close to our observations in the Ogooué forest zone,
corresponding to the sampling stations. However,
seasonal variations in all three rivers of this parameter
may be due either to increased intake of dissolved
substances from the surrounding watersheds during
rainfall or to contaminated water supplies from human
activities, agriculture, urban development, or tourism
activities along the various basins.

The levels of dissolved oxygen and water saturation in
the Ogooué basin have generally been lower than
those of other basins. Moreover, the oxygen level of
the Nyanga River during the rainy season was
significantly different from the oxygen level in the dry
season. However, these three water course are well
oxygenated (> 5 mg/L) and oxygen levels are within
the limit of desired values for better growth for many
fish (Zerbi, 2004).Strong seasonal variations in
oxygen levels in the Nyanga River may be the result
of collecting our data along shorelines, areas

198

overgrown by aquatic vegetation. It is known at the
beginning of the rainy season that the decomposition
of organic matter, including leaves, decreases
dissolved oxygen levels (Olukolgjo et al., 2009).

The transparency vaues in the three rivers ranged
from 30.2 cm to 150 cm during the study period.
Overall, the waters of these three water systems may
be considered transparent, which has the effect of
facilitating penetration of the light, to promote
photosynthesis and better primary production. These
waters have low concentration of suspended solids and
are within the desirable limits for fish growth as stated
Offem et al., (2009). Also, in the Ogooué River it was
found that the waters were more transparent, and
therefore low loaded with suspended matter during the
rainy season. We believe that there have been
disruptions of the rainy cycle during our study period
due to the effects of climate change. Indeed, the
months of March and April are generally the rainiest
of the year in Gabon while during our study period,
this was not the case.

The concentrations of nitrogen and phosphate
nutrients are generaly low in all three rivers These
results show that the three rivers are ill in a good
ecological status; indeed the concentrations of
nitrogen compounds does not yet appear to pose real
problems of toxicity to wildlife and aquatic flora.
However, the effects of anthropogenic actions along
these rivers begin with be felt especially during the
short dry season when nutrient levels are higher,
probably due to domestic waste and the untreated
discharge of agro- Food or chemical fertilizers.

Comparison of three rivers by the SOM map reveals
discrimination based mainly on hydrological
parameters  (depth, velocity ) mineralization
parameters ( conductivity, hardness) and particle size.
The Ogooué river (group 1) distinguishes itself from
other rivers by the power discriminating very
significant of its depth, the speed of its current and its
total hardness. These three parameters explain in part
the difference in hydrological functioning of the
Ogooué River compared to the other two rivers.
Indeed, it has been observed, for example, that this
river is the deepest, with low currents, low
conductivity and moderately rich water calcium and
magnesium.

Furthermore, the Nyanga river (Group IlI), differs
significantly from other rivers by the discriminating
power of the sandstones observed at the bottom of the
river and its high transparency. These sandstones
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which are sedimentary rocks composed of coarse sand
masses consolidated (Anonymous, 2009b) actually
come from erosion and weathering of rocks rich in
quartz (granite, gneiss) under the action of currents
prevailing there in this river. The accumulation of
these sandstone clusters is probably the origin of the
fall of Igotchi in the Nyanga River and in the
environment of the sampling station.

The Rembo Bongo (group 1) is distinguished from
other groups particularly by its granulometrics
parameters Sand, fine particles and sandstone. This
assemblage confirms that the Rembo Bongo and
Nyanga rivers have a geological nature of soilsthat are
globally close but distinct in terms of proportions.
Indeed, their soils are made up of sand to more than
50% each, with arate of clay greater than or equal to
5% each. But the bottom of the Nyanga river is
sprinkled with clay at 11% versus 37% for the Rembo
Bongo River. Moreover, considering that the
geological nature of the substrate determines the shape
and density of the water systems in riverine
environments (Kabre, 2009), we can then think that in
the Rembo Bongo river the water network is dense and
developed.There is indeed many tributaries (Douegui,
Moanda, Mboula, Ngoungou ... Fig.1l) and large
bodies of water (Mafoumi, Goré, Kivoro, Longo
Longo ... Fig 1) (Pinkstone, 1996). Thus, this river
would be subject to the weak interaction with
groundwater and depend for the bulk of its supplies of
surface water. In contrast to the Nyanga River
permeable rocks (limestone, sand, sandstone) has a
sparse and incomplete network because groundwater
flows become essential (Kabre, 2009). According
Lemoalle (2006) surface waters of such rivers would
be accompanied by a volume at least as important as
that which flows in its aluvium. Its water regime
would then be more stable than that of the Rembo
Bongo River because benefiting both the supply of
rainwater and groundwater. In addition, water transfer
times are longer, and surface hydrologic events tend to
be attenuated (Lemoalle, 2006).

Conclusion

Some physicochemical parameters of three rivers of
Gabon namely Rembo Bongo, Ogooué and Nyanga,
were studied in order to constitute a useful database
for the understanding of their functioning. At the end
of the present study it is remembered that in the sites
studied these three rivers share the following elements:
They are fairly well oxygenated with values globally
close to bBmg / L; pH and transparency are within
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acceptable limits for good growth for most aquatic
organisms; the mineralization parameters
(conductivity, hardness) are low overall and indicate
the low mineralization of the rivers, the waters are
transparent and the average depths do not exceed 5
meters; the current velocity is generally low according
to the hydrological seasons and varies according to the
depth of eachriver.

However, in the specific characteristics of these rivers
we can observe some differences. In fact, the river
Ogooue is very distinct from the other two rivers by its
depth, the speed of its current and the total hardness. If
in the surface the Rembo Bongo River and the Nyanga
River is 55% rich in sand, in the depth the Rembo
River is dominated by clay while and the Nyanga
River is dominated by sandstone. In addition, the
Nyanga River appears to have a more stable water
regime thanks to a steady supply of rainwater and
groundwater, while that of the Rembo Bongo River
appears to depend mainly on surface water and its
dendritic network.
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