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Abstract

The abundance dynamic of some freshwater invertebrates in relation with the
abiotic factors of the medium was studied from March 2013 to March 2014 on
the main streams of the Wouri and Sanaga basins. Individuals of Copepoda,
Atyidae, Chironomidae and Physidae were collected, identified and counted.
Samplings were carried out monthly; meanwhile measurements of the envi-
ronmental variables were taken. Results of the physico-chemical analyses re-
vealed that water of the Sanaga basin is globally well oxygenated (77% - 92%)
and faintly mineralized (14 - 107 pS/cm), excepted in the stations receiving
household pollutants. Inversely, in the Wouri basin, waters are hypoxic with
high content of organic matters (27.79 * 9.43 mg/L). During rainy season
(June-September), there is a dilution-dispersion of the organic matter due to
stormwaters. Concerning biological analyses, the families of Physidae and
Chironomidae were more abundant in urban stations than in stations situated
in suburban area, especially during low water level period, showing that they
are well adapted to anthropogenic and organic pollutions. The hypoxic condi-
tions of urban waterways do not favor the proliferation of sensitive taxa such
as Atyidae and Copepoda. These taxa preferred well oxygenated waters with
rapid flow, and are more abundant during rainy season in stations located in
suburban area or which are less subjected to anthropogenic disturbances.
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Bio-Assessment

1. Introduction

The preservation and the rehabilitation of the ecological quality of surface waters
in sub-Saharan Africa is one of the major stakes for the environmental, touristic
and socio-economic sustainability. It is thus a necessity to carry out regular en-
vironmental monitoring of surface waters, using reliable and relevant indicators.
The use of biological indicators associated with the physicochemical analyses
constitutes one of the most informative and complete method for the water
quality assessment. At this purpose, freshwater macroinvertebrates are broadly
regarded as particularly sensitive indicators of the health of urban waterway
ecosystems subject to anthropogenic activities [1] [2] [3]. Indeed, as an impor-
tant functional group in stream ecosystems, macroinvertebrates show predicta-
ble responses since they are sensitive indicators of long-term environmental
changes in water and habitat quality [4] [5] [6]. They are thus used in surface
water assessment and monitoring [7] [8].

The physid individuals and chironomid larvae are well adapted to live in ex-
tremely polluted aquatic media [9] [10]. Indeed, their ecological diversity is fa-
vor by their physiological adaptation to the high variability of the environmental
factors of the medium such as salinity, acidity, the high thermal amplitudes and
the dissolved oxygen fall [11]. Inversely freshwater shrimps of the family Atyidae
preferred well oxygenated and low mineralized water, and are mostly abundant
in the upstream and middle stream [12] [13]. Copepods are also sensitive to wa-
ter pollution and to the variations of the environmental conditions of the me-
dium [14] [15]. Consequently, it becomes obvious that the abundance dynamics
of aquatic invertebrates is controlled by various parameters of the medium,
which also show spatial and temporal variations. This study aims to determine
the influence of anthropogenic activities through the abiotic factors of the me-
dium on the abundance dynamic of some freshwater invertebrates in the coastal

region of Cameroon.

2. Materials and Methods
2.1. Study Area and Sampling Sites

The littoral region of Cameroon is located between 3°30" and 3°58' of latitude
North and 11°20' and 11°40' of longitude East. The climate is of two seasons, in-
cluding a long rainy season from March to November, with rainfall generally
ranging between 4000 mm and 5000 mm per year; and a short dry season from
December to February [16]. The average monthly temperatures reach 28.5°C for
the hottest month and 24.6°C for the coldest and soils have an acidic pH [16]
[17]. The main rivers of the region (Wouri, Sanaga and Dibamba) are used
mainly for hydro energy power generation, fishing and transportation of goods

and people. Salinity and pollutants are transported from either side during tides.
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Activities such as deforestation, installation and functioning conditions of the
hydroelectric dam have a strong anthropogenic pressure on the river from the
town of Edea [18].

The samples were collected monthly, from March 2013 to March 2014 be-
tween 8 am and 12 am. A total of 16 sampling stations were selected in the ba-
sins of Wouri and Sanaga, respectively in the cities of Douala and Edea (Table
1). Eight stations were chosen in three streams of the lower Sanaga basin (Ma-
bandi, Boué and Sanaga), and eight other stations located in seven streams in the
Wouri basin (Kondi, Longmayagui, Mboppi, Mgoua, Tongo-Bassa, Mbanya and
Wouri).

2.2. Measurement of Environmental Variables

The measurements of physicochemical parameters of water at each sampling
station were done following standard methods [19] [20]. Water temperature
(°C) (WT), pH, and dissolved oxygen (%)(DO) were measured in situ using an
alcohol thermometer, a HACH HQ11d pH-meter, and a HACH HQ14d oxyme-
ter, respectively. Likewise, electrical conductivity (uS/cm) (Cond) and salinity

(%o) (Sal) were measured in situ using a HACH HQ 14d conductimeter. Current

Table 1. Description of the physical environment of the study sites.

Geographic coordinate

Characteristics of the sampling station

Basin Stream Station
Altitude (m)  Latitude Longitude
Kondi KO 7 04°04'05.9"N  09°45'13.9"E  Marshy zone receiving urban wastes
Longmayagui LM 22 04°0029.4"N  09°45'00.4"E Marshy zone receiving urban wastes
Mboppi MP 4 04°02'41.0"N  09°42'43.8"E  Marshy zone receiving household, urban and industrials wastes
Mgoua MG 22 04°01'19.6"N  09°4222.4"E Receptacle of urban and industrials wastes
; Receptacle of urban and industrials wastes
Wouri ™W 6 04°05063'N 09°4322.9'E - b o O Uban andincustiias w ,
This station also received salty water from the Wouri
Tongo-bassa
B 9 04°0344.2'N  09°4314.3"E Receptacle of urban wastes and industrials wastewater from
' ' SIC CACAO
Mbanya MB 5 04°0420.3"N  09°42'08.6"E Receptacle of urban and industrials wastes
Wouri WO -5 04°0420.3"N  09°42'08.6"E Receptacle of urbanwastes Traditional fishing
R v .. Rural area with no house in a 300-m radius around the
M1 36 03°47'12.4"N  10°07'33.2"E ) . . . .
sampling station, no industrial activities
Mabandi ogig qn B . .
M2 17 03°47'58.1"N  10°0721.5"E Receptacle of urban and industrials wastes
M3 13 03°48'10.4"N  10°0724.0"E Receptacle of urban and industrials wastes
I .. Rural area with no house in a 500-m radius around the
Bl 65 03°46'46.0"N  10°08'09.0"E . .
Sanaga sampling station
Boue RN o . Rural area with no house in a 200-m radius around the
B2 44 03°47'27.0"N  10°07'59.2"E . .
sampling station
B3 40 03°47'39.3"N  10°07'58.7"E  Confluence zone with the Sanaga river Lack of riparian vegetation
S1 16 03°4826.7"N  10°07'37.5"E Lack of riparian vegetation, high rate of flow
Sanaga
S2 12 03°48'12.4"N  10°0724.2"E Lack of riparian vegetation, high rate of flow
812 ?
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velocity (CV) was measured by timing the front of a neutral non-pollutant dye
(blue of methylene) over a known distance along the station. Suspended solids
(SS) (mg/L), turbidity (NTU) and color (Pt-Co) were measured in the laboratory
using HACH DR/2800 spectrophotometer. Dissolved carbon dioxide (DCO,)
(mg/L) and organic matter (Oxy) (mg/L) were determined by volumetric me-
thod. Monthly rainfall (mm) (Rain), air temperature (AT) (°C), insolation
(Kwh/m?*/day) (Insol) and the relative wetness (%) (Hum) data for the study pe-

riod were collected at the Douala Airport Meteorological Research Station.

2.3. Sampling and Identification of Aquatic Invertebrates

For the sampling of copepod individuals at each studied station, 60 L of water
were filtered through a plankton sieve (10 cm diameter and 64 um mesh size).
For this purpose, subsamples of water were collected mainly under aquatic ma-
crophytes using a 10 L bucket. Materials collected in the sieve were then pre-
served into a glass sampling bottles with 4% formalin. In the laboratory, all indi-
viduals of each sample were identified under stereomicroscope and optic micro-
scope with the use of appropriate taxonomic keys [21] [22] and counted. The
abundances were expressed as number of individuals per liter (Ind./L).
Concerning macroinvertebrates, samples were collected at each station using a
long-handled kick net (30 cm x 30 cm side, 400 pm mesh-size, 50 cm depth). For
each station, samplings were done in a 100 m stretch following protocol de-
scribed by Stark ef al [23]. At each station, 20 drags of the kick net were done in
different micro-habitat, each corresponding to a surface of 0.15 m* (30 cm x 50
cm). The materials that were collected in the sampling net were rinsed through a
400 pm sieve bucket and all macroinvertebrate individuals were sorted and pre-
served in plastics sampling bottles with 70% ethanol. In the laboratory, all aqua-
tic insects belonging to the families Atyidae (Decapoda), Chironomidae (Dipte-
ra) and Physidae (Gasteropoda) were identified under a stereomicroscope using
appropriate taxonomic keys [24] [25], and counted. The density was expressed

as number of individuals per square meter (ind./m?).

2.4. Data Analyses

The ANOVA tests followed by post-hoc tests were used to Banferroni pairwise
comparisons for quantitative data. T-student test was used to compare the sam-
ples in pairs. A logarithmic transformation was performed prior to the matrix of
quantitative variables to ensure compliance with normality hypothesis. The
Principal Component Analysis was used to search the relationship between abi-
otic and biological variables. The method of classification by the K-means clus-
ters was used to divide the study period according to the weather variables.
XLSTAT.2014 software was used for all analyses.

3. Results
3.1. Environmental Variables

The mean values and standard deviation (SD) of environmental variables meas-
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ured at each sampling station are shown in Table 2. In the watershed of Sanaga,
the maximum value of water temperature (31.5°C) was observed in station S2
during the month of January. In the Wouri basin, the values of water tempera-
ture varied between 25°C (KO) and 34°C (MQG), respectively during the months
of July and May. The t-student test revealed that, mean value of water tempera-
ture registered in the Wouri basin (29.06°C + 1.99°C) was significantly (P <
0.05) higher than the mean value obtained in the Sanaga basin (27.21°C *
2.11°C). In Edea, the highest values of the suspended solids were obtained at sta-
tion S2 (125 mg/L) in September. Whereas the values of suspended solids regis-
tered in Douala, fluctuated between 3 mg/L (July) and 358 mg/L (June) respec-
tively in stations KB and WO. In the Sanaga basin, the values of turbidity oscil-
lated around an average of 28.66 + 26.43 NTU, with a maximum value of 144
NTU recorded at S2 station in September.

While in the watershed of Wouri, values of turbidity varied between 11 NTU
(TW, June) and 316 (WO, February), with a mean value of 56.85 + 55.14 NTU.
This mean value was significantly (t-student test, P < 0.05) higher than the mean
value obtained in the Sanaga basin. The values of water color fluctuated between
de 27 Pt-Co (M1) and 776 Pt-Co (S2), with a mean value of 157.07 + 137.81
Pt-Co in Edea, while in Douala, values ranged from 70 Pt-Co (TB) to 3072 Pt-Co
(WO) with an average value of 363.39 £ 411.39 Pt-Co. The values of pH showed
a range of 5.50 (M1, February) to 8.20 (52, March) with a mean value of 7.27 +
0.50 in Edea. At the level of Douala, pH values oscillated between 6.30 and 7.70

Table 2. Mean values and standard deviation of abiotic parameters measured at each sampling station during the study period

(Oxy = oxydability, WT = water temperature, DCO, = dissolved carbon dioxide, Sal = salinity, Cond = conductivity, OD = oxygen
dissolved, SS = suspended solids, Turb = turbidity, CV = water current velocity).

Basin  Stations Oxy V°VT DCO, Sal pH Cond oD SS Turb Color Ccv
(mg/) (°C) (mg/L) (%0) (uS/cm) (%) (mg/L) (NTU) (Pt-Co) (m/s)
B1 42+14 25403 11.3+2.0 0.01+£0.0074+0.1 251+53 814+29 168+41 18920 104.6+10.0 0.98+0.18
B2 89+24 257+03 15747 0.02+0.0074+02 292+21 778%+50 125+21 207%+20 1182%+9.3 0.74+0.11
B3 74+09 261+03 127+1.7 0.02+0.00 74+0.1 295+23 792+47 129%+21 23.6+£3.2 141.4%28.1 0.50=*0.06
S1 73+08 282%0.6 179+19 0.02+0.00 73+0.1 332+1.6 923+1.6 386%x7.0 545+£99 263.2+51.2 0.02%0.01
Sanaga S2 78+£09 294+05 198+33 0.04+0.02 73+0.1 405%56 922+35 41.8+89 582*11.1 312.0+62.2 0.01 £0.00
M1 3.1+09 263+04 108%+24 0.03+£0.01 7.2+02 372+23 929%x16 105+1.7 142%17 756+12.1 1.04+0.19
M2 134+£1.7 280%£0.6 223+55 0.09+0.01 70+0.1 2045+94 555+6.6 11.3+24 188+2.1 126.0+27.3 0.23+0.04
M3 13.7+£2.3 285+0.5 227+5.7 0.08+0.01 72+0.1 199.2+11.1 643+50 188%3.7 243+£55 1155+94 0.11*0.02
KO 13.8+£1.6 275%£0.5 26.1+£6.7 0.10+0.02 73+0.1 253.1 £252 48.8+103 157%25 29.0+50 158.5%+24.2 0.30%0.03
LM 158 +£2.1 293+0.4 33.1+154 0.10+0.01 7.0+0.1 283.2+169 3145+7.7 50.5+204 50%+18.6 171.1+16.9 0.10*0.01
WO 1238+ 1.3 289+0.6 21.7+5.7 0.30+0.10 73£0.1277.7+137.9 587+6.4 72.5+263 742%239 524.4+223.1 0.13£0.01
. MB 244+20 295+£0.5 232+28 020%+0.00 71 +£0.1 422.8+33.1 87+13 504%10.7 52.7+88 310.1+49.7 0.20+£0.01
Wourt MG 294+17 29.7+0.6 39.0+13.4 030+0.04 72+£0.1 656.2+723 9.8+23 100.3+21.1 106.5+ 19.8 586.7 +£112.8 0.30 £ 0.01
MP 279+19 291+04 27.7+30 025%+0.03 72+£0.1 5289+373 10.6+2.0 832%209 704+11.8 416.8+723 0.32+0.01
TB 269+18 293+0.5 27.7+42 020%+0.03 70+£0.1 4255+24.0 103+14 365+53 415+6.8 238.2+34.8 0.30+0.00
™ 23.6+3.0 292+0.5 268+6.0 0.26%+0.07 71 +£0.1 399.5+30.8 242+57 30.1+48 306+40 174.8+19.9 0.14+0.01
814 ‘:f?
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UC with an average of 7.16 * 0.34.

Values of electrical conductivity varied between 14 puS/cm (B1, August) and
548 pS/cm (M3, February) with a mean value of 89.25 + 115.81 uS/cm in the Sa-
naga basin. In the Wouri basin, value of electrical conductivity showed a range
of 65 - 1093 uS/cm at the level of stations WO and MG respectively, with a mean
value of 403.84 + 203.11 uS/cm. In Edea, the high rate of water salinity was ob-
tained at station M2 (0.20%o), meanwhile in Douala, values fluctuated between
0.04%0 (WO, July) and 1.30%0 (WO, February), with stations WO (0.52%0 *
0.42%0) and TW (0.45%o0 * 0.21%o) recording highest mean values (Banferroni;
P < 0.05). According to t-student test, mean values of water salinity appeared to
be significantly higher in Wouri basin (0.27%o * 0.23%o) than in Sanaga basin
(0.03%o0 + 0.04%o).

In Edea, the values of oxydability oscillated between 0.20 mg/L (M1, Novem-
ber) and 39.65 mg/L (M3, February), with stations M2 (18.01 + 10.68 mg/L) and
M3 (19.61 £ 11.18 mg/L) recording highest mean values. In Douala, values of
oxydability fluctuated between 43.75 mg/L (MG) and 2.96 mg/L (KO).The
t-student test revealed that, mean value of oxydability registered in the Wouri
basin (21.79 + 9.43 mg/L) was significantly (P < 0.05) higher than the mean val-
ue obtained in the Sanaga basin (9.20 + 8.63 mg/L).

In Edea, dissolved oxygen content oscillated between 22.40% and 107% re-
spectively at stations M2 and S2, meanwhile in Douala, values ranged from 1%
(MP) to 104.10% (KB). The mean value of dissolved oxygen content registered in
Edea (79.46% * 19.53%) is significantly (t-student; P < 0.05) higher than the
mean value recorded in Douala (25.07% + 26.80%).Values of dissolved carbon
dioxide obtained in Edea oscillated between 1.50 mg/L (M1, March) and 56.80
mg/L (B2, January), while in Douala, values ranged from 7.04 mg/L (LM) to
52.80 mg/L (MP) respectively in July and March 2013.

Furthermore, high values of current velocity were obtained in Edea watershed,
whereas in Douala, the values of current velocity fluctuated between 0.10 m/s
(WO) and 1.39 m/s (MP). Mean value of current velocity was significantly
(t-student; P < 0.05) high during rainy season and showed positively significant
correlation with rainfall (r = 0.41; P < 0.05).

Concerning meteorological parameters, the monthly values of insolation va-
ried between 3.35 kWh/m?®/day (August) and 5.36 kWh/m?/day (February),
while values of the air temperature and the relative wetness fluctuated between
24.8°C (August) and 28.51°C (February), and between 73.9% (January) and
86.9% (September), respectively. The monthly maximum values of rainfall were
registered in September (746 mm), while the minimum were recorded in Febru-
ary (1.4 mm). Positive and significant correlation (r = 0.78; P < 0.05) was found

between rainfalls and relative wetness.

3.2. Partitioning of the Study Period Using
the K-Means Cluster’s Method

The results of the K-means cluster’s classification based on meteorological pa-
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Table 3. Results of the K-means cluster’s classification based on meteorological parame-

ters.
Cluster 1 2 3
Intra-group variance 7820.07 5974.79 5258.63
Minimal distance to barycenter 7.90 0.89 39.15
Mean distance to barycenter 66.87 59.98 55.78
Maximal distance to barycenter 120.62 101.75 83.67
May December June
Months April January July
August February September
October March
November
Subdivision Low flood Low water level Over flood

rameters permitted to determine three clusters (Table 3). Cluster 1 regroups the
month of May, April, August, October and November. These months are cha-
racterized by relatively moderated rainfalls, with an average of 335.5 mm, and a
mean value of insolation of 4.23 kWh/m?/day. These months correspond to low
flood. Cluster 2 regroups the month of March, December, January and February
which are characterized by very low rainfall (104.04 mm) and very high values of
insolation and air temperature. These months correspond to the period of low
water level. Cluster 3 is made up of June, July and September, characterized by
high rainfalls (with a monthly mean value of 701.77 mm), high value of relative
wetness (85.52%) and low insolation (3.74 kWh/m?*/day). These months corres-
pond to the over flood period, with high dilution of organic matters.

3.3. Composition and Distribution of Taxa

Table 4 presents the species identified in the 4 classes (Malacostraca, Maxillo-
poda, Insecta and Gasteropoda) of invertebrates studied in the watershed of Sa-
naga and Wouri during the study period. In addition to the Nauplii and Cope-
podits larvae that are not easy to identify to species level, 9 species of mi-
cro-crustaceans belonging to the family Cyclopidae were identified in the study
sites. In the same way, 2 freshwater shrimp species of the family Atyidae, 1 spe-
cies of the family Chironomidae (Insect-Diptera) and 2 species belonging to the
family Physidae (Gasteropoda-Basommatophora) were identified during the
study.

A total of 17,555 individuals of Copepoda, 2588 individuals of freshwater
shrimps, 5212 individuals of Diptera-Chironomidae and 18,055 individuals of
Gasteropoda-Physidae were collected in the two river basins (Sanaga and Wou-
ri) during the study period (Table 4). For freshwater shrimps, Caridina africana
was the most represented species with 86.5% of total abundance, while Caridina
nilotica registered just 13.5% of the total individuals. Physa acuta was largely

dominant with 91.4% of relative abundance against 8.6% for Aplexa sp. Con-
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Table 4. Summary of abundances (relative abundances) of invertebrate taxa identified in
the two watersheds during the study period.

Abundance (relative

Classes Orders Families Species abundances)
Mesocyclops sp. 1315 (7.5%)
Allocyclopina sp. 543 (3.1%)
Eucyclops serrulatus 344 (2.0%)
Thermocyclops sp. 183 (1.0%)
Cyclopidae  Tropocyclops confinis 88 (0.5%)
Maxillopoda Copepoda Afrocyclops gibsoni 75 (0.4%)
Halicyclops sp. 45 (0.3%)
Microcyclops varicans 58 (0.3%)
Phyllognatopus sp. 97 (0.5%)
Nauplii 7419 (42.3%)
Larval stage
Copepodits 7388 (42.1%)
Caridina africana 2239 (86.5%)
Malacostraca Decapoda Atyidae
Caridina nilotica 349 (13.5%)
Insecta Diptera Chironomidae Chironomus sp. 5212 (100%)
Aplexa sp. 1553 (8.6%)
Gasteropoda Basommatophora Physidae
Physa acuta 16502 (91.4%)

cerning Copepoda, a total of 17,555 individuals were counted in the two river
basins during the study period. The larvae Nauplii and Copepodits dominated
the Copepod’s community with respectively 42.3% and 42.1% of total abun-
dances, follow by the species Mesocyclops sp. (7.5%), Allocyclopina sp. (3.1%),
Eucyclops serrulatus (2.0%), Thermocyclops sp. (1.0%), Tropocyclops confinis
(0.5%), Phyllognatopus sp. (0.5%), Afrocyclops gibsoni (0.4%), Halicyclops
sp.(0.3%) and Microcyclops varicans (0.3%) (Table 4).

In the Sanaga river basin, the highest relative abundances of C. africanaand C.
nilotica were obtained in stations S1 (36.18% and 31.86% respectively) and S2
(38.35% and 31.54% respectively) while in the Wouri watershed, the maximum
number of individuals were registered in the station WO (88.61% for C. africana
and 87.50% for C. nilotica); no freshwater shrimp species was present in stations
MB, MG and MP all over the study period (Table 5). Concerning Dipte-
ra-Chironomidae, the highest relative abundances of Chironomus sp. were ob-
served in stations M2 (52.01%) and M3 (35.11%) in the river basin of Sanaga;
whereas in the watershed of Wouri, the maximum number of individuals
(26.01%) was recorded in station LM (Table 5). Regarding Gasteropoda-Physi-
dae, P. acuta and Aplexa sp. were dominant in stations M2 (39.40% and 31.85%
respectively) and M3 (52.44% and 62.99% respectively) in the river basin of Sa-
naga. In the watershed of Wouri, abundances slightly varied from one station to

another; highest abundances being observed at station WO (2.34%) for P. acuta
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Table 5. Spatial dynamic of abundances (relative abundances) of different species of Atyidae, Chironomidae and Physidae identi-
fied during the study period.

River Sampling Atyidae Chironomidae Physidae

basins stations Caridina africana Caridina nilotica Chironomus sp. Aplexa sp. Physa acuta

Bl 72 (5.39%) 9 (2.84%) 40 (1.87%) 0 (0.00%) 12 (0.03%)

B2 37 (2.77%) 6 (1.89%) 31 (1.45%) 1(0.01%) 27 (0.07%)

B3 31 (2.32%) 0 (0.00%) 26 (1.22%) 3 (0.05%) 18 (0.04%)

. M1 69 (5.17%) 1 (0.03%) 48 (2.24%) 25 (4.44%) 130 (3.41%)
%n M2 65 (4.87%) 15 (4.73%) 1111 (52.01%) 179 (31.85%) 1504 (39.40%)
e M3 66 (4.94%) 85 (26.81%) 750 (35.11%) 354 (62.99%) 2002 (52.44%)

S1 483 (36.18%) 101 (31.86%) 58 (2.71%) 0 (0.00%) 3 (0.01%)

S2 512 (38.35%) 100(31.54%) 72 (3.37%) 0 (0.00%) 121 (3.17%)

Total 1335 (100%) 317(100%) 2136(100%) 562(100%) 3817 (100%)
KO 42 (4.64%) 1(3.13%) 407 (13.23%) 131 (13.21%) 2845 (22.43%)
LM 45 (4.98%) 3(9.37%) 800 (26.01%) 601 (60.64%) 2088 (16.46%)
MB 0 (0.00%) 0 (0.00%) 471 (15.31%) 7 (0.07%) 2076 (16.36%)
- MG 0 (0.00%) 0 (0.00%) 22 (0.07%) 110 (11.10%) 2356 (18.57%)
é MP 0 (0.00%) 0 (0.00%) 367 (11.93%) 7 (0.07%) 1057 (8.33%)
TB 3 (0.03%) 0 (0.00%) 464 (15.08%) 105 (10.59%) 1163 (9.17%)

™ 13 (1.44%) 0 (0.00%) 467 (15.18%) 24 (0.24%) 803 (6.33%)

WO 801(88.61%) 28 (87.50%) 78 (2.54%) 6 (0.06%) 297 (2.34%)
Total 904 (100%) 32 (100%) 3076 (100%) 991 (100%) 12,685 (100%)

and station LM (60.64%) for Aplexa sp (Table 5).

Concerning Copepods, Mesocyclops sp. was the most represented species
both in the Sanaga and Wouri watershed, with higher relative abundance ob-
served in stations B3 (33.78%) and KO (73.03%). The species Allocyclopina sp.,
Eucyclops serrulatus and Thermocyclops sp. were also well represented. Never-
theless, the lowest relative abundances of these species were observed in stations
M2 and M3 (Table 6). The t-test of Student revealed that mean abundance of
copepods was significantly high (P = 0.003) in the river basin of Sanaga com-
pared to Wouri watershed.

3.4. Spatial and Temporal Dynamic of Taxa Densities

Spatial and temporal variation of invertebrate densities revealed that in the Sa-
naga river basin, high densities of freshwater shrimps of the family Atyidae were
obtained at stations S1 in June (145 ind./m?) and S2 in July (147 ind./m?) (Figure
1(a)); while in the watershed of Wouri these densities were globally high in station
WO with maximum value observed in June (186 ind./m?) (Figure 1(b)).

One way ANOVA test showed that densities of Atyidae significantly varied (P
= 0.0001) from one station to another, values recorded in stations S1, S2 and
WO being significantly higher (Banferroni, P < 0.05) compared to the other
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Table 6. Spatial dynamic of abundances (relative abundances) of larvae and different species of copepods identified during the

study period.
2 Cyclopidae Larval stage
s o
o = 2, a* @ @« q, v
=1 I ) w |, >y @ 3
@ 2 @« K] w @ I I S I ], 2
RS 5] S = E N r Q' « ) -
T 28 &, S & 3§ %% g & T8 % = g
- S 23 §§  §&  ¢s E §f &% ) g
Z £ Q S O 28 S g e I ) ] 2
3 g g S 8 £ &% & 5 $ X Z g
%] Q
= < N T N
N 3 N M

Bl 53(5.92%) 47(13.58%) 20(9.30%) 8(13.11%) 7 (13.73%) 19(12.93%) 7(26.92%) 5(23.81%) 1(1.72%) | 302 (5.30%) 299 (5.80%)

B2 156 (17.44%) 46 (13.29%) 11(5.12%) 4 (6.56%) 3(5.88%) 10(6.80%) 4 (15.38%) 1(4.76%) 2(3.45%) | 723 (12.70%) 396 (7.68%)

B3 302(33.78%) 34(9.83%) 37(17.21%) 6(9.84%) 16(31.37%) 14(9.52%) 2(7.69%) 2(9.52%) 1(1.72%) |1771(31.10%) 1042 (20.21%)

M1 2(022%)  1(0.02%)

1 (0.05%)

1(1.64%) 0(0.00%) 1(0.07%)  0(0.00%) 0(0.00%) 0 (0.00%) | 7 (0.01%) 14 (0.03%)

M2 37(4.14%) 23 (6.64%) 10 (4.65%) 4 (6.56%) 4 (7.84%) 23 (15.65%) 2(7.69%) 1(476%) 3 (5.17%) | 302 (5.30%) 657 (12.74%)

M3 67 (7.45%) 82(23.70%) 12 (5.58%) 6 (9.84%) 2 (3.39%) 21 (14.29%) 2(7.69%) 3 (14.28%) 0 (0.00%) | 591 (10.38%) 691 (13.40%)

S1  145(16.22%) 101 (29.19%) 23 (10.70%) 9 (14.75%) 12 (23.53%) 47 (31.97%) 0 (0.00%) 0 (0.00%) 43 (74.14%) | 997 (17.51%) 1034 (20.06%)

S2 132(14.76%) 12(3.35%) 101 (46.98%) 23 (37.70%) 7(13.73%) 12 (8.16%) 9 (35.62%) 9 (42.85%) 8(13.79%) |1001 (17.58%) 1022 (20%)

Total 894 (100%) 346 (100%) 215 (100%) 61 (100%) 51 (100%) 147 (100%) 26 (100%) 21 (100%) 58 (100%) | 5694 (100%) 5155 (100%)

KO 301 (73.06%) 134(68.02%) 97 (75.19%) 3 (11.11%) 12(50.00%) 9 (25.00%) 1(5.26%) 2(5.41%) 2 (5.13%) |1031(59.77%) 1223 (54.77%)

<

&

=

<

w
LM 3(0.07%) 1(0.05%)
MB 0 (0.00%) 0 (0.00%)
MG  2(0.05%) 0 (0.00%)

k=l

2 MP  1(0.02%) 1(0.05%)

z

TB 0 (0.00%) 1 (0.05%)

TW  37(8.98%) 17 (8.63%)

1 (0.08%)

0 (0.00%)

1(3.70%) 1(417%) 1(2.78%)  0(0.00%) 0(0.00%) 0 (0.00%) | 33(1291%) 84 (3.76%)

0(0.00%)  0(0.00%)  0(0.00%)  0(0.00%) 0(0.00%) 0(0.00%) | 1(0.001%) 3(0.01%)

0(0.00%)  0(0.00%) 0(0.00%) 0(0.00%) 0(0.00%) 0(0.00%) 0(0.00%) | 23(1.33%) 10 (0.01%)

0 (0.00%) 0(0.00%)  0(0.00%) 0 (0.00%) 0(0.00%)  0(0.00%) 0 (0.00%) 3(0.02%) 13 (0.04%)

0 (0.00%) 0(0.00%)  0(0.00%) 0 (0.00%) 0(0.00%) 1(2.70%) 0 (0.00%) 11 (0.06%) 17 (0.07%)

9 (6.98%) 1(3.70%) 2(8.33%)  2(5.56%)  8(42.10%) 1(2.70%) 3 (7.69%) 67 (3.88%) 153 (6.85%)

33

WO 77 (18.70%) 43 (21.82%) 22 (17.05%) 22 (81.48%) 9 (37.50%) 24 (66.67%) 10 (52.63%) 34 (87.18%) | 556 (32.23%) 730 (32.69%)

Total 421 (100%) 197 (100%)

(89.19%)

129(100%) 27 (100%) 24 (100%) 36 (100%) 19 (100%) 37 (100%) 39 (100%) | 1725 (100%) 2233 (100%)

sampling stations in the Sanaga river basin. Concerning Copepods, higher densi-
ties were registered at stations B3 in June (848 ind./L) and KO in May (760
ind./L). These densities were globally high during the over flood period (Figure
1(c) and Figure 1(d)). Densities of Copepoda increase significantly (ANOVA, P
= 0.009) during the over flood period in all sampling stations of the Sanaga wa-
tershed. However, monthly variations of these densities were not significant in
the Wouri river basin (ANOVA, P = 0.38). The spatial variation of the Copepods
densities was significant, with values recorded at station WO being significantly
different from those registered in stations MG, MP and TB (Banferroni, P <
0.05). In the same way, values recorded at station KO were significantly different
from those registered in stations MG, MP and TB (Banferroni, P < 0.05).

As for Chironomidae, densities varied from 0 to 199 ind./m? the highest value
being obtained in station M2 in October (Figure 2(a)). In the Wouri river basin,
Chironomidae densities relatively varied from one month to another, higher
values being recorded at station LM in February (195 ind./m?). Stations KO and
TW also present higher densities during the month of February (Figure 2(b));

%%
035: Scientific Research Publishing

819



E. Koji et al.

200 —-+—B1 —=+B2 —=—B3 -s-M1 -®m-M2 —-M3 --+-S1 -—8=S2
180 (a)

160
140 -
120
100

Atyidae (Ind.m?

Months

20 —+KO -#[M -4 MB ——MG -+*-MP —e—TB ——TW -=-WO
180 (b)

160 -
140
120 -

100 -

Atyidae (Ind.m?)

Months

—+—B1 -#-B2 -—=-B3 —4—M ——M2 -—e-M3 —e-51 .52

Copepoda(ind./L)

K2
820 ‘:ff Scientific Research Publishing

o



E. Koji et al.

Copepodaf{lnd.iL)

~¢-KO -4 M —=4+—MB —-—MG -* MP —-TB —/—TW ——WO

(d)

> M
V'Q‘ %‘s\ \Q(\ \6 }Q% %Q,Q\‘ 0(; QP QQ.

Months

Figure 1. Spatial and temporal variations of Atyidae and Copepod’s densities in Sanaga ((a) and (c))
and Wouri ((b) and (d)) rivers basins.

while in station TB, the maximum density was registered in March. The spatial
variation of Chironomidae densities was significant in the Sanaga river basin
(ANOVA, P = 0.001), with mean values obtained at stations M2 and M3 being
significantly higher (Banferroni, P < 0.05). In the Wouri river basin, densities of
Chironomidae were significantly low in station WO (Banferroni, P < 0.05). In
the Sanaga watershed, the Physidae densities were low from March to November
and started increase in December, with the highest value (707 ind./m?) being
obtained at station M2 in December (Figure 2(c)). In the same way, these densi-
ties slightly fluctuated between March and August, with higher values being ob-
served from September to March (Figure 2(d)). Furthermore, in Edea sampling
sites, Physidae were statistically dominant at stations M2 and M3 during the
study (Banferroni, P < 0.05). The spatial and temporal variations of Physidae
densities were not significant in the river basin of Wouri (ANOVA, P < 0.05).
Thus, for the Physidae densities, no significant difference were detected between
sampling sites located in Edea and Douala (t-student, P = 0.06).

3.5. Relationships between Environmental Factors
and Abundance Dynamic of Invertebrates

The results of the first principal component analysis (PCA) based on the spatial
gathering of parameters, revealed that the relationship between invertebrate
densities and abiotic factors follows mainly the first two axes (D1 = 41.48%; D2
= 31.52%) which accounted for 73.00% of the total variance expressed. The dis-
tribution of observations on the factor plan is separated into two groups (I and
IT) (Figure 3(a)).

The first group (I) is constituted of parameters such as electrical conductivity,
color, oxydability, salinity, suspended solids, dissolved carbon dioxide and water

temperature which are positively correlated with the Physidae and Chironomi-
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Figure 2. Spatial and temporal variations of Chironomidae and Physidae densities in Sanaga ((a)
and (c)) and Wouri ((b) and (d)) river basins

Biplot (axes D1 and D2: 73.01%) after Varimax rotation
2
(a) o I
a - .
ll"Turb o MG
1I { _Color \,
! XSS WT sal %
s S2 4 wp ¥ Cond Oxy
- os1e
H Copepoda-., Physidae ® B
0 Atyidae 1\ Chirormid46
. : A ; SN ; e ¥ E TW
. H -
P LM 1B

D2 (3152%)

~.
Seeea -—

1 B2 & M2

-2

2 -1

D1 (41.48 %)
Biplot (axes D1 and D2: 66.21%) after Varimax rotation
2

(b) e A

~"IColor Feb-..
urb _ SS A

“A® co
March-13 o
hironomidae WTcond:

AT i
Insol A® Ph’;//ls?(ggg‘,]‘t i

ADec

Jar'f“-.“
Qxy Sal“‘..‘

D2 (23.41 %)

s,
N

v

N

D1 (42.79 %)

Figure 3. Principal component analysis showing spatial (a) and temporal (b) gathering of aquatic invertebrates
in response to environmental factors (Oxy = oxydability, WT = water temperature, CO, = dissolved carbon
dioxide, Sal = salinity, Cond = conductivity, OD = oxygen dissolved, SS = suspended solids, Turb = turbidity,
CV = current velocity, Rain = rains, AT = air temperature, Hum = relative humidity, Insol = insolation).

%%
0:{5: Scientific Research Publishing 823



E. Koji et al.

dae densities. These parameters are characteristic of the stations located in urban
area of Douala (MG, MP, MB, TB, TW and LM) and Edea (M2 and M3) which
are highly subjected to organic pollution. The second group (II) is made up of
parameters such as dissolved oxygen, pH and current velocity which are asso-
ciated with the Copepods and Atyidae densities. These variables are characteris-
tic of suburban stations of Edea (S1, S2, B1, B2 and B3) and the marshy station
KO of the Wouri basin. These stations are less subjected to anthropogenic dis-
turbances and have relatively good water quality.

The results of the second principal component analysis (PCA) based on the
temporal (month) gathering of parameters, revealed that the relationship be-
tween invertebrate densities and abiotic factors follows mainly the first two axes
(D1 = 42.79%; D2 = 23.41%) which accounted for 66.20% of the total variance
expressed. The distribution of observations on the factor plan is separated into
three groups (A, B and C) (Figure 3(b)).

Group A is constituted of parameters such as color, turbidity, suspended sol-
ids, dissolved carbon dioxide, oxydability, salinity, water temperature, electrical
conductivity, air temperature and insolation which are positively correlated with
the Physidae and Chironomidae densities. This association is more pronounced
during the months of December, January, February and March, which are cha-
racterized by low water level and hydrous stress. Group B gathered the months
of April, May and November which presented relatively the same abiotic factors.
This low water flow period seem not to significantly influence the distribution of
aquatic invertebrates. Group C is constituted of parameters such as current ve-
locity, dissolved oxygen, pH, relative wetness and rainfalls which are positively
correlated with the Copepda and Atyidae densities. This association is more
pronounced during the months of June, July, August and September, which are

characterized by over flood.

4. Discussion
4.1. Characteristic of Environmental Variables

The analysis of meteorological parameters of the littoral region of Cameroon
permitted to determine three periods: a low flood period (April, May, October
and November), a low water level period (December, January, February and
March) and an over flood period (June, July and September). This variability
might be due to anthropogenic activities, influence of Atlantic Ocean and global
climate change. Similar results were documented in Equatorial Central Africa on
the variability of the hydrographic regime [26] [27]. The strong correlation ob-
served between rainfalls and relative wetness shows that the atmosphere of these
zones, does not exchange only heat with the ocean, but also of water vapor and
rains. Indeed, littoral water system such as marshy and lake maintain a high rel-
ative wetness all over the year. This observation is online with the work of
Drijthout et al [28] on climate variability. Furthermore, negatively significant
correlation recorded between rainfalls and current velocity revealed the impact

of seasonal variability on the hydrological and even the ecological regime of wa-
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ter. Our results are closer to those of Diomandé [29] on some Ivorian rivers and
Tchakonté et al [10] on some urban rivers in Douala Cameroon.

Concerning physicochemical parameters measured the slightly high values of
water temperature registered in Douala watershed should be related to urbaniza-
tion, anarchical land used and the anthropogenic activities in this township. In-
deed, in this situation water systems are subjected to light rays and industrials
wastes. Our results are consistent with the work carry out Tchakonté et al [30].
Although the impact of anthropogenic activities is perceptible on the heat flux,
these values of water temperature remain in the optimal range for the develop-
ment of aquatic organisms [8] [31] [32]. Furthermore, the increase of tempera-
ture in stations M2 and M3 would have favored the degradation of organic mat-
ter, which thus increase the electrical conductivity and reduce the oxygen con-
tent these stations. Similar results were documented for other Cameroonian riv-
ers surface [10] [33]. High values of oxydability in stations M2 and M3 should be
due to urban and industrials wastes. Inversely, low values of these parameters
observed in stations B1, B2, B3, M1, M2, S1 and S2 could be due to the absence
of houses and industries. These observations are consistent with the results do-
cumented by Tchakonté ef al [10] in urban and suburban streams of Douala. On
the other hand, the significantly high values of oxydability in Douala watershed
reflect the important input of domestic and industrial wastes. This conclusion is
concomitant with that outlet by Onana et a/ [34] on the stream Kondi in Doua-
la.

High values of suspended solids observed during the beginning of the rainy
season, could be due to the input of various matters by storm water drainage.
Moreover, high tide induces the increase of suspended solids in the coastal rivers
[35]. Similar observations were done by Diomandé [29] on the Agnéby River in
Ivory Coast. The relatively high values of salinity in Douala watershed may be
related to the high concentration of minerals due to anthropogenic disturbances.
Nevertheless, the significantly high values of salinity registered in Wouri river

are surely linked to the contamination by brackish waters.

4.2. Influence of Environmental Factors on the Abundance
Dynamic of Invertebrates

The families of Physidae and Chironomidae were more abundant in urban sta-
tions than in stations situated in suburban area, especially during low water level
period, showing that they are well adapted to anthropogenic and organic pollu-
tions. They are known to be saprophagous [36]. The prolificness of the non-
biting midges Chironomidae is not surprising, because they are opportunists and
tolerant of polluted waters where they may occur in large numbers [36] [37].
Indeed, Chironominae are known as ‘blood worms’ because they are bright red,
due to the presence of hemoglobin in their body fluids that enables them to res-
pire at low oxygen concentrations and live in hypoxic or occasional anoxic bot-
tom mud [10] [37] [38]. Moreover, they can build inter-connected galleries in

mud, which are then ventilated by undulatory movements; or they can prolong
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their tubes above the surface of the sediment to capture oxygen molecules [39]
[40]. As such, the well adaptation of Physidae to harsher conditions may be due
to the fact that their shell is a physical barrier to pollutants, and they are also able
to assimilate atmospheric air via a vascularized mantle cavity [3] [41].

The hypoxic conditions of urban waterways do not favor the proliferation of
sensitive taxa such as Atyidae and Copepda. These taxa preferred well oxyge-
nated waters with rapid flow, and are more abundant during rainy season in sta-
tions located in suburban area or which are less subjected to anthropogenic dis-
turbances. Similar results are recorded in other Cameroonian streams, revealing
that freshwater shrimps Atyidae proliferate in well oxygenated rivers [12] [30].
In the same way, Mergeay ef al. [42] noted a significant increase in the density of
Copepoda in surface water during flood. Atyidae and Copepda organisms seem
to be very sensitive to the variations of the organic matter loads and dissolved

oxygen content.

5. Conclusion

This study highlights that the abundance dynamics of freshwater invertebrates in
the watersheds of Douala and Edea are highly influenced by water pollution due
to anthropogenic disturbances. On the one hand, input of organic matter induce
the installation and the prolificness of resistant taxa such as Physidae and Chi-
ronomidae, which are well adapted to organic pollution and hypoxic condition
of the medium. On the other hand, water pollution causes the fled and the ex-
tinction sensitive taxa such as Decapoda-Atyidae and Crustacea-Copepoda,
which are very sensitive to oxygen content depletion and rainfalls variability.
These ecological characteristics might be used to increase the preciseness of wa-
ter quality assessment methodologies of biomonitoring programs. There is
therefore, the need for an elaborate characterization of wastewaters and water
bodies, and the evaluation of treatment facilities of municipal waste so as to as-

sess the status and control water pollution.
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