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Abstract

With the increase in anthropogenic activities, monitoring the response of hydro systems to variations in environmental parameters is an
imperative for optimal management. Zooplankton is a reliable indicator of these variations, hence their study in Lake Ossa, a UNESCO protected
heritage. This research aims to evaluate the influence of physicochemical parameters on the distribution of the zooplankton community in the
Lake Ossa from October 2010 to October 2011. Physicochemical parameters were measured in three stations, on the water surface according to
APHA and Rodier standards. Zooplanktons were collected from three levels of depth by passing thirty liters of water through a sieve of 64
microns’ mesh. The Organic Pollution Index (OPI) has been calculated and the relationships between environmental variables and the
distribution and dynamic of the zooplankton community performed by the Principal Component Analysis (PCA), based on the data matrix of
zooplankton abundances. The recorded values of parameters expressing the degree of physicochemical pollution of the waters were 16.64+2.41
FTU, 8.70+1.68 mg.L* and 101.35+11.86 Pt.Co in the rainy season, 22.25+1.96 FTU, 12.25+3.08 mg.L* and 105.75+13.51 Pt.Co in the dry season.
The OPI gives a value of 3.00 which marks the limit between the classes of moderate and strong organic pollution. The results of the PCA show
that the Lake Ossa is subject to a seasonality effect expressed by warm and better oxygenated water during the dry season, turbid water at the
beginning of the rainy season, and strongly mineralized water at the end of the rainy season. In general, in the Lake Ossa, the most important

biomasses were mginlv those of rotifers (70 %, principally in the dry sea_son) and nauEIii larvae (principally in the rainy sea_son).
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Introduction

Zooplankton is considered to be a true bioindicator of
changes in the physicochemical characteristics of
aquatic environments (Angeli, 1980; Pourriot,Benest
et al, 1982; Pinel-alloul et al, 1990; Moss,
1998;Holynska, Reid et al. 2003). It is very sensitive
to variations in the conditions of its environment
because it is intimately linked to its environment in
which it actively participates in the purification of
water (Nogrady et al., 1995). A major factor to
consider in the hydrosystems state change process is
the high level of anthropogenic pollution. Indeed, the
pollution produced by the industrial and agricultural
activities, as well as urban pollution exerts important
pressures on aquatic ecosystems, resulting in a
deterioration of the water quality on which depends
the aquatic organisms (Wang et al., 2012; Morrissey
et al, 2013). Agricultural activities for example
(establishment of nurseries, use of fertilizers and
biocides, etc.) contribute to the discharge of large
quantities of pollutants into the environment. It is
thus an important factor of chemical pollution in the
environment (Godin et al., 1985). Tening et al.,
(2013) has certified that countless origins of
wastewater and solid wastes are directly discharged in
nature without any preliminary treatment. The lake
Ossa at Dizangue is one of the three main lakes of the
Ossa complex, which is one of the protected wildlife
reserves in Cameroon and is classified as a “World
Heritage site” by UNESCO. Its banks are occupied by
the plantation of oil palms and rubber of SAFACAM,
which makes this water body an environment exposed
to a fast and important pollution which in the long
term will cause its disappearance. It is then
imperative, for any policy of durable, rational use and
conservation of that ecosystem, to evaluate the health
status of the lake and to characterize its zooplankton
population in order to appreciate the consequence of
the anthropogenic activity on its basin and to

establish a relevant protocol of protection.

In Cameroon in general, very few studies were
devoted to the weakening of biodiversity as response
to the dwindling of the aquatic media (Léveque and

Paugy, 1999; N’Zi et al., 2008; Camara et al., 2009).
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Despite the importance of the Ossa lake complex and
its vulnerability to pollution, very few studies have
been conducted on its waters to determine its trophic
status, its evolution in time and the structure of living

communities, as well as to understand its operation.

The works so far known are those of Nguetsop (1997)
and Nziéleu Tchapgnouo et al. (2012). Some new
works are thoses of Nziéleu Tchapgnouo et al. (2016)
and Nziéleu Tchapgnouo (2016). Likewise, there is a
paucity of information on the structure and the
distribution of the zooplankton communities in the
complex. Spatial and temporal scales of
environmental impacts variation set up a precise
frame to evaluate the integrity of an ecosystem

(Schuwirth and Reichert, 2012; Borics et al., 2013).

This study then aims to evaluate the impact of the
water quality on the diversity and distribution of the

zooplankton community in the Lake Ossa.

Materials and methods

Study area and sampling stations

The Ossa lake complex basin lies between latitude
3°45'42" and 3°53' North and between longitude 9°9'
and 10°4'12" East (Wirrman and Elouga, 1998). The
relief is dominated by flat tops of 80 meters’ altitude,
but the slopes and lake depressions are quite strong
(Wirrman, 1992). The Ossa Lake (Fig. 1) is one of the
three main lakes of the complex. It is located at an
altitude of 8 m above sea level and is part of a North-
South rectangular orientation of about 12 km by 10
km (Wirrman, 1992). The Ossa Lake is situated in the
larger of the two basins that formed the complex, the

Ossa basin, of 3,103 ha.

The water from this largest watershed transit Lake
Mevia, one of the three lakes of the complex. The
maximum water depth is 10 meters for an average of
3 meters (Pourchet et al.,, 1991). The lakes of the
complex are fed by rainfall (=2.9 m/year - data of the
SAFACam station and those of the city of Dizangue
for the period of 1930-1990) and draining of two
watersheds that extend respectively over 55 km2 and

110 km?2.
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Fig. 1. Geographical location of the Lake Ossa, indicating the sampling stations (National Institute of

Cartography, modified by Nziéleu Tchapgnouo).

As for the whole complex, the Ossa lake habours the
West African manatee (Trichecus senegalensis), the
dwarf crocodile (Osteolaemus monticola) and many
other animals and aquatic and mangrove birds
(Wirrman, 1992; MINFOF, 2012). The vegetation
around the complex is a swampy forest associated to
the industrial palm oil crops and rubber plantation of
the (SAFACam) (Wirrman, 1992) which exist since
1897 and covered 95 hectares in 1914 (Wirrman,
1992). This plantation has been extended to 6,800
hectares in 1967, with only 3,850 hectares being
exploited as of the 1st of January 1989 (Wirrman,
1992).

The samplings was carried out monthly, from October

2010 to October 2011 in three stations located as

follow: the station Ossa 1 (Os:) is near by the west
border of the lake which is occupied by the
plantation; Ossa 2 (Os-) is situated nearly the various
small islands of the complex, closely to the lake
Mevia, while Ossa 3 (Os3) is located at the middle of
the lake. Sampling period covers both the rainy
season (april to october) and the dry season
(december to february) and the two months of
seasonal transition between the rainy season and the
dry season (march and november) Suchel (1988).
Water samples were collected between 10 a.m. and 12
a.m using a 03 L bottle of VAN DORN.

Measurement of environmental variables
Samples for physicochemical analysis were collected

on the water surface (between o and 0.5 m). Five

9 | Tchapgnouo et al.



environmental variables (temperature, pH, dissolved
oxygen, electrical conductivity and Total Dissolved
Solids (TDS)) were measured in situ, using a mercury
thermometer, a portable pH-meter SCHOTT (CG
818), a portable oxygen meter YSI 52 and a portable
HACH,

according to the calibration performed at 25 °C in the

TDS/conductivitimeter respectively,
laboratory before each sampling. In laboratory,
measurements of color, suspended solids, forms of
nitrogen, orthophosphate, turbidity; Biochemical
Oxygen Demand (BODs) and dissolved carbon
dioxide were done according to APHA (1998) and
Rodier et al. (2009) standards.

Sampling and identification of zooplankton species
Zooplanktons were collected from three levels of
depth: on the surface (between 0 and 0.5 m), above
the area of disappearance of Secchi disc and 50 cm
above the bottom. Thirty liters of water were collected
at the level of each depth and passed through a sieve
of 64 microns mesh. One hundred and fifty mL
aliquot water was fixed in formalin 4% and another
150 mL were directly brought back to the laboratory.
The samples permitted to identify and count
zooplankton species. The listing of organisms present
within each sample was made on the basis of counting
two or three samples of 10 mL (Pourchet et al., 1991).
The species of rotifers, Cladocerans and copepod were
identified by means of a stereoscopic microscope
WILD M5, using the identification keys of Ruttner-
Kolisko, 1974; Koste, 1978; Pourriot et Francez, 1986;
Nogrady et al., 1993; Nogrady et al., 1995; Segers,
1994; Segers, 1995; Shiel, 1995; Wallace and Snell,
2001) for Rotifers, Kutikova (2002), Amoros (1984),
Korovchinsky (1992), Smirnov and Korovchinsky
(1995), Smirnov (1996), Dodson and Frey (2001) for
Cladocerans and Korinek (2002), Lindberg (1957),
Dussart (1980), Van de Velde (1984), Dussart and
Defaye (1995) for Copepods.

Data analyses

The Shannon and Weaver index was used to account
for the diversity of species that make up the stand in
the lake. It establishes the link between the number of

species and the number of individuals in the same
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ecosystem or in the same community. The Pielou
index was used to measure equidistribution of stand
species with respect to an equal theoretical
distribution for all species. It ranges from o
(dominance of a single species) to 1 (equidistribution
of individuals in the stand). These clues were used to

evaluate the specific diversity in the lake.

To assess the organic pollution, Organic Pollution
Index (OPI) of Leclercq and Vandevenne (1987)
(Table 1) has been calculated using the organic
parameters (BODs, PO43, NH;*, NO:) whose
classification is done according to five classes (Adour,
2001). Each average value of a parameter
corresponds to a class and the index is found by
making the ratio of the sum of all the classes of the
parameters by the number of parameters.

In order to study relationships between
environmental variables and the distribution and
dynamic of the zooplankton community, Principal
Component Analysis (PCA) was performed based on
the data matrix of zooplankton abundances, using R-
3.1.1 software. PCA is a constrained ordination
method, efficient in directly revealing relationships
between the spatial structure of communities and
environmental factors that might be responsible for

that structure (Legendre et al., 2011).

Results and discussion

Physicochemical quality of water

Values of measured parameters are presented in
Table 2. They are the mean values of thirteen
measures taken in thirteen months, with standard

error.

The average temperature in the entire water body
during the rainy season was 29.15+0.48 °C while it
was 30.68+t0.43 °C in the dry season. The
temperature difference between the seasons is
certainly related to the division described by Suchel
(1987, 1988) and the greater warming of the water in
the dry season is justified by the shallowness of the
lake which would allow greater penetration of the
light to the depth of the water body.
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Table 1. Class Limits of the Organic Pollution Index (Leclercq and Vandevenne, 1987).
Classes BDOs5 (mg/1) NH, (mg/1) NO-: (ng/1) P03 (ug/1)
5 <2 <0.1 <5 <15
4 2-5 0.1— 0.9 6-10 16 - 75
3 5.1-10 1-2.4 11-50 76 - 250
2 10.1-15 25-6 51-150 251 - 900
1 >15 >6 > 150 > 900

The temperature range in the lake corresponds to
those found in several African lakes (Ramberg, 1987;
Okogwu, 2010). As in most tropical lakes, the values
of this parameter are relatively stable. The small
amplitude in temperature variation is a characteristic
of tropical lakes and reveals a relative stability of that

parameter (Lewis, 1987).

For the parameters expressing the degree of physical
pollution of the waters of Lake Ossa, during the rainy
season (turbidity, suspended solids, color), the
recorded values were 16.64+2.41 FTU, 8.70+1.68
mg.L* and 101.35+11.86 Pt.Co while in the dry season
they were 22.25+1.96 FTU, 12.25+3.08 mg.L* and
105.75+13.51 Pt.Co. The values of these parameters

are more important in the lake during the dry season,
despite the mixing of waters with those from runoff
on the watershed and the Sanaga River during the
rainy season. The low volume of water during the dry
season would justify a higher concentration of
particles. In addition, and according to Nguetsop
(1997) and Kossoni (2003), manatees that search
bottom mud for food would readily release suspended
sediments into the water phase. Overall, the low
values recorded for these parameters could be
explained by the low soil erosion in the watersheds of
the Lake Ossa, due to their occupation by the rubber
trees and oil palms forests. These values seem to

suggest that the waters of the lake are oligotrophic.

Table 2. Values of physicochemical parameters of water samples (RS= Rainy season, DS= dry season).

Parameters (unit) Min Max Mean RS DS
Temperature (°C) 27.20 32.00 29.66+0.41 20.15+0.48 30.68+0.43
pH 6.1 8.18 6.61+0.08 6.67+0.11 6.50+0.09
Electric conductivity (uS.cm-1) 16 46 27.86+2.43 29.35+3.12 24.89+3.83
Turbidity (FTU) 7 28 18.51+1.86 16.64+2.41 22.25+1.96
Total Dissolve Solids (mg.L) 7 22 13.04+1.18 13.72+1.51 11.66+1.90
Color (Pt.Co) 23 151 102.81+8.86 101.35+11.86 105.75+13.51
Suspended solids (mg.L1) 1 19 9.88+1.53 8.70+1.68 12.25+3.08
PO, (mg.L1) 0.001 0.92 0.201+£0.077 0.259+0.110 0.085+0.034
NO. (mg.L1) 0.001 0.08 0.009+0.0035 0.012+0.005 0.005+0.001
NO; (mg.L1) 0.009 4.5 0.534+0.211 0.381+0.266 0.842+0.335
NH,* (mg.L1) 0.03 0.87 0.249+0.043 0.199+0.037 0.348+0.084
Dissolve oxygen (%) 45.33 155.12 83.80+4.64 64.44+2.69 123.17+5.12
CO- (mg.L1) 1.76 23.4 12.58+1.72 14.66+1.01 8.41+4.35
BOD; (mg.L1) 20.00 400 54.88+12.03 67.25+16.45 30.16+3.92

The degree of mineralization of the water is evaluated
through pH, electrical conductivity and TDS
parameters. Annual averages for these parameters in
the rainy season were 6.67+0.11, 29.35+3.12 puS.Cm™

and 13.72 +1.51 mg.L* while in the dry season they

were 6.50+0.09, 24.89+3.83 pS.Cm™ and 11.66+1.90
mg.L1. The pH of the waters was slightly acidic. This
pH value remains in the range of a normal pH of
surface waters; it is conducive to the growth of acid

tolerant rotifers and marks a threshold below which
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freshwater fish are slowed in their growth and
reproduction (Ramade 2005). For Ramade (2005),

the pH of natural waters should not be less than 6
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even for aquatic biotopes located on highly acidic
rocks, except in case of regular intake of atmospheric

sulfuric acid by so-called acidic rains.

Table 3. Monthly values of the Shannon and Weaver, Piélou and species richness indices in Lake Ossa during the

study period.

Months Stations Shannon and Weaver Pielou index Specific richness

Octobre 2010 Ossa 1 4 0.77 40

Ossa 2 4 0.77 39

Ossa 3 4 0.77 40

Novembre 2010 Ossa 1 3 0.57 40

Ossa 2 3 0.57 41

Ossa 3 3 0.57 41

Decembre 2010 Ossa 1 4 0.77 38

(Ossa 2 4 0.77 39

Ossa 3 4 0.77 39

January 2011 Ossa 1 3 0.59 35

Ossa 2 3 0.59 36

Ossa 3 3 0.59 36

February 2011 Ossa 1 3 0.6 34

Ossa 2 3 0.6 36

Ossa 3 3 0.6 35

March 2011 Ossa 1 3 0.58 37

Ossa 2 3 0.58 37

Ossa 3 3 0.58 38

April 2011 Ossa 1 4 0.77 39

(Ossa 2 4 0.77 40

Ossa 3 4 0.77 40

May 2011 Ossa 1 4 0.81 34

Ossa 2 4 0.81 34

Ossa 3 4 0.81 34

June 2011 Ossa 1 4 0.77 40

(Ossa 2 4 0.77 40

Ossa 3 4 0.77 40

July 2011 Ossa 1 4 0.79 37

Ossa 2 4 0.79 37

Ossa 3 4 0.79 37

August 2011 Ossa 1 4 0.82 33

Ossa 2 4 0.82 33

Ossa 3 4 0.82 33

Septembre 2011 Ossa 1 3 0.63 29

(Ossa 2 4 0.84 30

Ossa 3 4 0.84 30

Octobre 2011 Ossa 1 3 0.61 34

Ossa 2 3 0.61 34

Ossa 3 3 0.61 34

In comparison with the values of this parameter,
recorded by Kling in this lake in 1987 (pH = 7), the
waters of the lake became acidified; the slight acidity
of the waters of Lake Ossa could be attributed not
only to the total hydrolysis of the primary minerals of
the yellow ferralitic soil from the sedimentary rocks of
the Lake Ossa basin, but also to the elimination of

most of the bases (Vallerie, 1968, Ségalen, 1978), with

the major consequence of the re-solution of toxic

metals previously trapped in sediments.

The highest values of electrical conductivity were
recorded during the rainy season when the runoff and
the Sanaga River waters mix with those of the lake.
This would justify a supply of organic matter by the

river and the leaching of agricultural land. Indeed, the
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contribution of wastewater in the aquatic
environment increases its ionizable salts content and
consequently its conductivity (Zébazé Togouet et al.,
2005). In comparison with the values obtained by
Kling (1987), 17.8 pS.cm?, the content of this
increased, which

parameter in the waters has

supposes a progress towards the eutrophication of the

2020

Seasonal annual averages of the parameters that
characterize organic pollution, PO43-, NH4*, NO3~ and
NO.,
0.199+0.037 mg.L1,

were respectively 0.259+0.110 mg.L?,

0.381+0.266 mg. L* and
0.0120£0.0050 mg.L*during the rainy season, and
0.085+0.034 mg.L,

0.348+0.084 mg.L,

0.842+0.335 mg.L?' and 0, 0050+0.0010 mg.L-

waters of the lake. 'during the dry season.
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Fig. 2. Spatio-temporal variations of chlorophyll "a" in Lake Ossa during the sampling campaign (Os= Ossa; R.S.

= Rainy season; D.S.= Dry season; T= Transition month).

The nutrient water contents PO,43-, NH,4*, NOs and
NO-- are very low when considering the mean values
expressed in mg.L1. These parameters thus reflect
globally a poverty of the lake in organic matter.
However, Dunnette (1992) estimates that the content
of a phosphorus biotope can predict the degree of
eutrophication of its waters. Indeed, Ryding and Rast
(1994) state that a lentic ecosystem is engaged in an
accelerated eutrophication process when the values of
PO,43 and chlorophyll "a" of its waters are respectively
greater than 100 pg.L* and 25ug.L, and when it has
a Secchi disappearance depth greater than or equal to
1.5 m. The annual average of PO,43- expressed in pg.L?
in Lake Ossa is 201+77 pg.L. That of chlorophyll "a"
is 5.7+1.3 ug.L* in this medium (Fig. 2). Considering
the classification by trophic level of the lakes

according to their phosphorus content (expressed in

ug.L 1) and chlorophyll "a" (expressed in pg.L?), and
the depth of disappearance of the Secchi disc (greater
than 1.5 m), it may be suggested that the waters of the
lake would at least be involved in an eutrophication
process, although the chlorophyll "a" value is less
than 25 pg.L-1. Indeed, the OPI gives a value of 3.00
which marks the limit between the classes of

moderate and strong organic pollution.

The enrichment of the lake's waters with organic
matter is in fact the consequence of the agricultural
exploitation of SAFACAM on the watershed, the main
anthropogenic activity which, through the use of
fertilizers and the production of large quantities of
nutrients, brings a significant organic load in the
environment, contributing to degrade the quality of

its waters.
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Fig. 3. Principal Component Analysis of the three Lake Ossa stations based on monthly physicochemistry data (O
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dry season, green = rainy season, blue = transition month).

For dissolved gases, during the rainy season, the
average oxygen content was 64.44+2.69 % in the
whole water body, whereas it reached 123.17+5.12 %
in the dry season. The seasonal values of CO-. were
respectively 14.66+1.01 mg.L* and 8.41+4.35 mg.L.
The average level of dissolved oxygen in the lake is
always greater than 70%. For De Villiers et al. (2005)
and Ramade (2005), an oxygen level above 70%
expresses the existence in the lake of an
eutrophication phenomenon which results in intense

photosynthetic activity ensured by the plants.

The oxygen gradient in the water is similar to that
found in Lake Ehomain Nigeria (Okogwu, 2010) and
shows significant seasonal variation; the waters are
less oxygenated during the rainy season. Generally,
the solubility of oxygen decreases as the temperature
increases. But this principle takes into account the
activity of aerobic bacteria which increases with

temperature thanks to the presence of fermentescible

organic matter (FOM). However, the rate of oxygen in
the waters decreases during the rainy season. This
could be

concentration of FOM in this season due to the

situation attributed to a Thigher

mixing with Sanaga waters and inputs from
watershed runoff, concentration that would cause a
rapid consumption of dissolved oxygen by bacteria,
hence its decrease. As for the values of dissolved CO.,
they evolve in the opposite direction to those of
dissolved oxygen. The increase in the water content of
CO. during the rainy season has already been
observed in Yaounde Municipal Lake and in the
ponds of Melen and Efoulan in Yaounde (Nziéleu

Tchapgnouo, 2006).

PCA based on physicochemical data

The results of the PCA on physicochemical data (Fig.
3) show that the variables are distributed along two
main axes that together account for 53.73% of the

distribution in the lake.
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The first axis of the PCA accounts for 28.80% of the
distribution and puts the group of pH, BODs, NO3
parameters in opposition to the group consisting of
CO2, NO--, PO43, and to some extent to the group of
SS and color, on the one hand, and on the other hand
the NH,4*, oxygen, temperature versus TDS and

electrical conductivity parameters; beyond this

observation, this axis is that of the seasonal
distribution of parameters because highlights the dry
season and rainy season months. The second axis
contributes 24.93% and expresses an opposition
between the mineralization and the ionization of
water on the one hand and all forms of pollution on

the other hand; it is the water quality axis that also
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shows the behavior of water at the beginning (April
and May) and at the end (September and October) of
the rainy season. Lake Ossa is subject to a seasonality
effect expressed by warm, better oxygenated water
rich in nitrogen compounds during the dry season
(December to February), turbid waters rich in SS,
PO43- and with high value of color at the beginning of

2020

the rainy season (April and May), in relation to soil
leaching and entrainment of pollutants in the lake,
and strongly mineralized water at the end of the rainy
season (September and October), translating
2010); The

SAFACAM factory would take advantage of the season

industrial pollution (N'diaye et al.,

to release large amounts of pollutants into the lake.
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Fig. 5. Structure of zooplankton in Lake Ossa during the sampling campaign.

Biological aspect of water
Chlorophyll "a": At Lake Ossa,

"a" values were all recorded in October

the minimum
chlorophyl
and the maximum values in February 2011 (Fig. 2).
The mean annual content of chlorophyll "a" in Lake
Ossa was 0.0057+0.0013 mg.L™.Its average value in
the rainy season was 0.0033+0.0005 mg.L%. In the

dry season, it was 0.3648 + 0.0028 mg.L.

Indices of diversity and equitability: The Shannon
and Weaver index values range from 3 to 4 (Table 3).
The value 3 is obtained in the dry season, between
January and March 2011, but also in October 2011.
The values of Pielou's equitability index varied

between 0.57 (November 2010) and 0.84 (September

2011). Only the months of January, March and

November have values below 0.60 for this index.

The Shannon and Weaver index values (1949) vary
between 3 and 4 and express a relative equitability in
the distribution of species in the lake irrespective of
the station, although the Pielou index indicates
densities a little higher of some species, without
significant dominance over others in November,
January and March (Piélou index<0.60). For high
values of species richness in the lake, Margalef (1958,
1961), Odum et al. (1960) and Sevrin-Ryessac (1998)
have established a relation between the specific
diversity and the degree of stability of a community.

For these authors, significant species diversity
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generally reflects high population stability, as
variations of a specie have little influence on the
population. However, a lake reaches a state of
equilibrium in its species richness and zooplankton
population abundance before starting the downward
phase of its evolution because then, conditions
becoming difficult, only specialized species are
maintained and developped. Lake Ossa would indeed
have reached the peak of its evolution and would

begin the phases of its decline.

Zooplankton biomass: In general, at the three stations
of Lake Ossa, the most important biomasses were
mainly those of rotifers and nauplii larvae (Fig. 4). In
the rotifer group, there is a decrease in biomass
between October 2010 and December 2010 before an
increase during the dry season, between January 2011
and March 2011. The rotifer biomass then gradually
decreased until August 2011.It increases again in
September 2011 and October 2011. In nauplii larvae,
biomass decreases overall between October 2010 and
January 2011. After a significant increase in February
2011, there is a further decrease until May 2011, then

a gradual increase until September 2011.

At the Os; station, the average rotifer biomass was

1786956+50769 mg.PSms3 in the rainy season and 2
523857475393 mg.PSm3 in the dry season. That of
the nauplii larvae was 722 506+5784 mg.PSm3 in the
rainy season and 699844+6043 mg.PSm3 in the dry

season.

At station Os., the average rotifer biomass was 1 994
105+59433 mg.PSm3 in the rainy season against 2
807 474+73376 mg.PSms3 in the dry season while that
of nauplii larvae was 748 902+5791 mg.PSm3 in the
rainy season and 725 41215745 mg.PSm3 in the dry

season.

At Oss, average biomass values in rotifers were
175303748872 mg.PSm3 in the rainy season and 2
471799+65982 mg.PSm3 in the dry season. The
biomass of the nauplii larvae was 682198+5991
mg.PSm3 in the rainy season and 660801+5889

mg.PSms in the dry season.

2020

In general, rotifers contribute more than 70% to
zooplankton biomass, unlike temperate zone results
where copepods almost always represent more than
60% of zooplankton biomass. (Moison, 2009). The
density, and hence the biomass, of the copepods have
considerably decreased, confirming the observations
of Zébazé Togouet et al. (2005) in the tropics. The
dominance of rotifers is characteristic of tropical
lakes (Bidwell & Clarke 1977, Egborge 1981,
Mwebaza-Nadwula et al., 2005, Okogwu 2010,
Zébazé Togouet 2011).

The rotiferous biomass is more important in the dry
season while that of the nauplii larvae is in the rainy
season. As nutrient and phytoplankton biomass levels
increase, rotifers, because of their short lifespan and
rapid parthenogenetic development, have favored
growth (Jalal et al., 2005). The density of rotifers is
therefore dependent on the trophic state of the
ecosystem. In fact, the quantities of chlorophyll "a"
and nutrients (nitrogen and phosphorus) increase in
the waters between December and February, favoring
primary production and boosting the multiplication

of rotifers.

Structure of zooplankton in Lake Ossa

The structure of the zooplankton stand in Lake Ossa
is subject, like the physicochemical quality of the
waters, to an obvious seasonality with regard to the
results of the PCA of Fig. 5 which explains 50.02% of
the distribution, and in particular of axis 2 which
highlights the rainy and dry season. It can be
observed that the months of December to February,
characterized by warm waters, highly oxygenated and
expressing an organic pollution have the high
abundance of species Lecane sp., L. bulla, Synchaeta
sp., B. dimidiatus, B. quadridentatus, B. dimidiatus,
B. lunaris, K. cochlearis, E. clavulata, A. rectangula
among others; the common occurrence of several
species of brachionidae and lecanidae expresses
eutrophic waters (Pourriot, 1968; Sladecek, 1983).
Contrary to the results of Lebon (1997), which found
abundant lecanidae in waters with high electrical
conductivity and NO--, this family in Lake Ossa is

negatively correlated with these two parameters, as
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well as brachionidae with BODs, this last family being
however defined by Sladecek (1983) as preferring
oxygenated media and in which the degradation of

organic matter is accentuated.

The abundance of T. elongata, B. caudatus, T. simili,
T. chattoni, F. opoliensis, A. brightwelli and B.
deitersi species is observed in April and May, whereas
lake is characterized by trophic pollution and strong
mineralization. It is during this period that the
abundance of cladocerans is noted, as well as that of
copepods M. leuckarti and T. neglectus. The presence
of copepods in this seasonal period contrasts with
Moison's conclusions (2009) that during the rise in
temperature that favors the algal bloom
(phytoplankton ormicrophyto-benthos), the copepods
reach a high density; but when the temperature is at
its peak, predators grow and competition around food
sets in; resources are dwindling, the density curve of
copepods is regressing and corrected during the
seasonal transition period. Therefore, in the context
of this study, we would have expected to observe high
densities and a peak abundance inducing a large
biomass of copepods between January and March
before a decrease in April, which is not the case. In
fact, the increase in crustacean biomass is observed
between april and May, while that of the nauplii
larvae falls. The nauplii biomass, which increased in
february, declines as early as march and continues
through may. The environmental conditions during
this period are favorable for the passage of larvae to
the adult stage. This may be due to the absence of
predators if we consider, with Moison (2009), that
the disappearance of these is favored by the drop in

water temperature observed in March.

Waters characterized by high levels of putrescible
organic matter, measurable through BOD; from
August to November, are preferred by species such as
A. protzi, D. brachyurum, B. macaguensis, B.
angularis, Eubosmina sp. and the various copepodite
stages. With the decrease of the oxygen level in the
water, observable through the high values of BOD;
and NOs-, we see the appearance of certain other

species of rotifers, and in particular H. mira, K. tecta,

2020

P.vulgaris, F. longiseta.

Overall, the specific succession in the waters of Lake
Ossa is marked by rotifers, including several
brachionidae and lecanidae, in the dry season
(December to March) while the waters are hot and
turbid; between April and August, when the waters
are mineralized and marked by trophic pollution,
crustacean densities increase then decrease to give
place to other species of rotifers that are fond of
environments rich in putrescible organic matter

(September to November).

Conclusion

The waters of Lake Ossa are well subject to the action
of pollution. This is mainly due to the organic matter
whose main source is the plantation of SAFACAM.
The quality of the water is subject to a seasonality that
highlights warm waters rich in nitrogen compounds
in the dry season, water subjected to particulate
pollution at the beginning of the rainy season (March)
and mineralized at the end of the rainy season. The
distribution of organisms also follows a seasonal
gradient with rotifers present at all times in the water,
and cladocerans and copepods, with high abundance
in the middle of the rainy season in relation to trophic
pollution. Some important ramarques of this study
are the confirmation of the dominance of rotifers in
tropical waters, the preference of mineralized waters
by trichocercidae, but also the reality of pressure of
SAFACAM on the degradation of the environment, yet
classified as a protected site and the need to
and distribution of

reconsider the structure

zooplankton species in tropical environments.
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