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Abstract

The area of the city of Meknes (Morocco) undergoes anthropic pressure,
which acts mainly on the rivers. River water is used, without preliminary
treatment, for farm irrigation. A study of the impacts of anthropogenic activi-
ties on the distribution and biodiversity of benthic macroinvertebrates and
water quality of the Boufekrane River (Meknes) was conducted. Four pristine
stations from the upstream and two stations at the downstream receiving
anthropogenic impacts were selected along the River. For 12 consecutive
months (from January to December 2010), based on the SEQ-V.2 scoring sys-
tem, water quality index classes, the upstream stations recorded significantly
higher biological monitoring scores and better water quality indices than
those of the downstream. Four variables are involved actively in the individu-
alization of the physico-chemical environment: COD, dissolved oxygen, TSS
and temperature. The total number of macrobenthic taxa and their overall
richness indices and diversity indices were significantly higher at the upstream
stations than at the downstream stations. The relationships between the phy-
sicochemical and the macrobenthic data were investigated by biotypology
analysis (PCA and FCA) and Pearson correlation analysis. The analyses
showed that the richness and diversity indices were generally influenced by
the total suspended solids, chemical oxygen demand and the electric conduc-
tivity of the river water. This study also highlighted the impacts of anthropo-
genic activities on the distribution and species diversity of macrobenthic in-
vertebrate. Some sensitive (Trichoptera and Ephemeroptera) and resistant
species (Oligochaeta such as Tubifex sp.) are identified as potential bioindica-
tors of clean and polluted river ecosystems, respectively, in Morocco rivers.
The data obtained in this study supported the use of the bioindicator concept
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(Innovative Biotechniques for controlling water quality) for North Africa riv-
ers because it is more efficient than conventional methods.
Keywords

Water Quality, Benthic Macroinvertebrates, Anthropogenic Impacts, Meknes,
Morocco

1. Introduction

The quantity and quality of water resources are the major issues threatening the
economic and social development of Africa mainly for countries located at arid
and semi-arid region [1]. In order to achieve sustainable development, environ-
mental protection shall constitute an integral part of the development process
[2] [3]. Water pollution is one of our most serious environmental problems.
Pollutants that reach the aquatic environment are still a major environmental
issue.

Studies of river macrobenthic invertebrates as biological monitoring tech-
niques have been widely reported and described in the literature [4]-[12].
Freshwater macroinvertebrate species vary in sensitivity to organic pollution
and, thus, their relative abundances have been used to make inferences about
pollution loads. In natural pristine rivers, high diversity and richness of species
is expected [13]. However, high impact due to human activities caused many
changes to the assemblages and biodiversity of the river fauna [14]-[19].

The anthropogenic impacts on water quality and the distribution and diversity
of macrobenthic invertebrates had been reported in the literature [20]. The
elaboration and implementation of sustainable water treatment strategies should
therefore be based on detailed data on the seasonal variation of the water quality
that is strongly related to dilution processes taking place during high-flow peri-
ods, and to the loads of soluble compounds carried by the return waters utilized
for land washing and irrigation [21].

In Morocco, awareness of environmental problems is rapidly increasing. In
recent years, a growing number of studies stressed the critical situation of several
Moroccan water courses [22] [23] [24] [25]. The Boufekrane River is the pri-
mary source of water for a variety of purposes (Ze. drinking, agriculture, indus-
try, recreation). On the other hand, it receives wastes from vast rural areas and
several large cities along its banks. The Meknes city is a striking example of the
contamination pressure that a large city exerts on the Boufekrane River. Over
the last few years, the region of Meknes experienced extensive industrial devel-
opment. Major industrial activities include tanneries, brewery, textile, oil mills,
canneries, blacksmith and pottery [26]. Industry brought important economic
returns to the region of Meknes (e.g. generation of employment, improvement
of living standards, etc); however, it resulted in considerable water quality deg-

radation. Tanneries are among the most polluting industries in the region. Most
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operations are still being carried out traditionally and little attention is given to
environmental and sanitary conditions both within and outside the workshops.
The study presents a snapshot assessment of the water quality of the Boufekrane
River based on the physical-chemical and benthic macroinvertebrates carried
outin 2010.

This paper will hopefully try to address this lacuna by extending the informa-
tion available through an analysis of the temporal and spatial variations in the
quality of the Boufekrane waters and through a comment on the main factors
lowering the quality levels. Tolerance of macroinvertebrates taxa to chemical and
physical stress is widely used in the analysis and interpretation of bioassessment
data for example 7ubifex sp. that are considered resistent to different kinds of
anthropogenic impacts. Nonetheless, the use of macrobenthic invertebrates for
bioindication purposes seems not to be popular or widespread in the Maghrebin
ecoregion although this technique provides a cheaper but good methodology in
river classification and they are widely used in the Northern American and
European ecoregions.

The objectives of this study are 1) to verify if the physicochemical parameters
and the species diversity of the macrobenthic invertebrates differ significantly
between upstream and downstream stations of the Boufekrane River and 2) to
investigate the relationships between the physicochemical parameters and the
biodiversity of macrobenthic invertebrates of the Boufekrane River, by using
multiple stepwise regression analysis and correlation analysis (PCA, FCA and ¢
test comparisons), In order to identify the physicochemical parameters that
could cause significant changes in the distribution and diversity of macrobenthic

invertebrates.

2. Material and Methods
2.1. Description of the Study Area and Sampling Sites

The study area is situated in the North of Morocco (Figure 1). The area of
Meknes formed a large part of the watershed river Sebou. Surveys and samplings
were conducted from January to December 2010. We choose sixth stations in
Boufekrane River (4 upstream stations and 2 downstream stations) for monitor-
ing the degree of pollution and distribution of benthic macroinvertebrates. This
river is used for recreational activities (washing, agricultural activity) especially
during weak precipitation. Hydrogeological of the study area constituted by two
important aquifers: The deep water aquifer (=150 m) and the shallow aquifer
(=20 m). The waters of two aquifers are used for the supply of drinking water

and also in irrigation and industry.

2.1.1. Upstream Stations (Stations BF1-BF4)

The first station (BF1) was located in Boufekrane River (Ain Maarouf source,
reference site). The second station (BF2) was located near the Boufekrane vil-
lage. The third and the fourth stations (BF3-BF4) were located upstream and
downstream from Boufekrane village and upstream of the Meknes city. The water
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Figure 1. Sampling stations along the Boufekrane River.

was clean and clear and it was used by some villagers for irrigation, washing and
bathing. There was generally high vegetation coverage at the four sampling sta-

tions.

2.1.2. Downstream Stations (Stations BF5-BF6)

The fifth station (BF5) was located in the Meknes city, meadows of the work-
shops traditional of tannery (EI Fakharine). The sixth station (BF6) was located
at the downstream of Meknes city and the village Ain Karma; this station re-
ceives the whole of the industrial and domestic wastes. The sediment was of a

muddy type and contains a lot of organic matter due to sewage pollution.
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2.2. Water Quality Measurement

Four replicates of the physicochemical parameters were recorded directly at each
sampling site. These were temperature, conductivity, pH, and dissolved oxygen
(DO). Four parameters were measured in situ using adequate sensors. The tem-
perature and electric conductivity (EC) were measured by conductimeter
CONSORT K 912, the water pH was measured by a pH-meter HANNA 8519N
and dissolved Oxygen (DO) was measured by Oxymetrie THERMO ORION
810.

Two replicates of water samples from each station were stored in polyethylene
bottles (500 ml). The water in the polyethylene bottles were preserved with 2 ml
of concentrated hydrochloric acid (pH < 2.0) and brought back to the labora-
tory. The water samples were kept in a refrigerator at a temperature below 4°C
to stop all the activities and metabolism of the organisms in the water.

The biological oxygen demand (BOD), chemical oxygen demand (COD), sul-
phates, chlorides, total hardness, nitrate, orthophosphate and total suspended
solids (TSS) were all determined in accordance with the standard method pro-
cedures of Rodier [27]. Afterward, the concentrations of nitrate, sulphate and
orthophosphate were determined by using a spectrophotometer Model Hach Dr
2000 at a specified wavelength. Monthly measurements are regularly carried out
on the level of the stations chosen during the period going the month January at
December 2010.

2.3. Data Collection

The Sampling of the benthic macroinvertebrates responds to a standardized
protocol French Association for Standardization (AFNOR) [28]. A Surber sam-
pler (Mesh: 0.3 mm; catching area: 0.1 m”) was used at sampling sites that had
shallow running water substrates containing cobbles and pebbles (The Boufkarne
River is a shallow stream with loose and coarse substrate). The Surber sampler
was placed at the bottom against the flow. After the separation and sorting, all
captured fauna were placed in plastic bottles and preserved with 80% ethanol.

In the laboratory, the benthic macroinvertebrates were sieved by using a col-
umn of three sieves with decreasing mesh 2 mm, 1 mm, 0.3 mm, sorted into a
petri dish, and identified by using taxonomic keys. The sorting and identifica-
tion of the smaller fauna was done under a dissecting microscope. All the sam-
ples were preserved a in new pill with 80% ethanol before using the appropriate
taxonomic keys. The specific identification was made using the original descrip-
tions Moroccan (collections of the Scientific Institute of Rabat) and the Medi-
terranean.

The keys used in this study were [29] (aquatic oligochaetes of Morocco) [30]
(Annelida and Oligochaeta), [31], (Crustacea), [32] (Mollusca) and [33] (Intro-
duction to the study of freshwater macroinvertébrées). For insects, the keys used
were, [34] (aquatic Heteroptera of Morocco commented Inventory), [35] (Pre-
liminary Atlas of freshwater decapod crustaceans), [36] (Contribution to the

knowledge of aquatic Coleoptera and Hemiptera Eastern Morocco: faunal cata-
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log), [37] and [38] (Diptera Chironomidae: aquatic larvae), and [39] (National
Survey on Biodiversity continental fauna). Having been identified, the taxa are
placed in glass pill containing either formaldehyde or ethanol for specimens

whose shell or carapace may be destroyed by formalin (Crustaceans, Mollusks).

2.4. Analysis of Data

% Water quality indices (WQI) and biotic index:

The evaluation of the biological conditions manifested by macrobenthic in-
vertebrates was performed in three steps and based on calculation of quality in-
dicators (Numerical evaluation):

1) The Biological Index Global Standardized (IBGN) is done according to the
standard AFNOR 1992 [28].

2) Shannon-Wiener index ( H'):

H'= ‘Z p,logp,

=1
$ = total number of species; p, = proportional abundance or percentage of
important, it is calculated as follows: p;= n/N;
n;= number of individuals of a species in the sample
Np= total number of individuals of all species in the sample.
3) Evenness Index (E):

|E:H'/Hr;1 with H| zlog(s)|

ax max

H': species diversity

H] _: Logarithm (logl0) of the total number of species (S) in the sample,
were transformed prior to correlation analysis.

The biological quality scores of the Boufekrane River were based on the rec-
ommendations of the Biological Monitoring Working [40], where each family
has a single score irrespective of the number of individuals or species recorded
for the family.

% Transformation of data

Principal Component Analysis (PCA), Factorial Correspondence Analysis
(FCA), ttest comparisons and descriptive analysis were performed using version
9 Software XLSTAT 2011 to identify the most influential variables affecting the
biodiversity indices of the macrobenthic invertebrates. Principal Component
Analysis (PCA) allows searching the groups of variables in the physical and
chemical data set. These variables are sufficient to describe the variability of the
whole group. Factorial Correspondence Analysis (FCA) allows establishing a
typology and biotypology (to classify similar macroinvertebrate groups). These
methods have been widely used in many areas related to the environment to
highlight seasonal and anthropogenic influences on rivers [20] [41] [42] [43]
[44] [45].

To expand the data matrix (to biotypology data), we used matrices in the form
of tables of n species and p stations. For the numerical expression of the element

np, we opted the sum of the abundance of n macrobenthic invertebrates and in
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every station p. For reduce the disparities between the abundances of taxa, we
conducted a transformation of corresponding classes in abundance under a
geometric progression of ratio 2 [46]. This semi-quantitative assessment still

contains all the information needed for analysis (Table 1).

3. Results and Discussion

3.1. Physical and Chemical Data

Variations of pH, temperature, electric conductivity (EC), H,PO;, NO;,
SO, , CI", BOD, COD, DO, and TSS, and the ¢ test comparisons of mean val-
ues of the upstream and downstream are given in Table 2. The temperature
shows an almost sinusoidal appearance with minima and maxima (13°C to
26°C). In the periods of sampling, the downstream stations showed significantly
(P < 0.05) higher levels of COD, BOD, PO,, conductivity and TSS than the up-
stream stations. However, the upstream stations recorded significantly (P < 0.05)
higher levels of pH, O,, and NO, than the downstream stations.

The pH value is within the recommended range 6.5 e 8.5 for potability [46].
The DO level is 70% (6.96 mg/l) saturation which is higher than the minimum
(30%, 2.43 mg/1 DO at 25.1°C) required for protection of aquatic life [47] [48],
TSS, H,PO,, NO;, SO;, Cl, BOD, COD and conductivity values are low
as compared to those in all the downstream sites. According to the SEQ-Eau V 2
(2003), the upstream sampling sites during the 12 sampling months in 2010
(Table 2) were categorized as good (clean; for recreational use with body con-
tact) to slightly polluted (needing treatment in station BF3) while the down-
stream samples collected in June and September were categorized as poor water
quality and upstream samples collected in October and April categorized as pol-
luted (needing treatment for use irrigation).

It is evidenced from the physicochemical data that the upstream water quality
was better than the downstream water quality during the period of sampling.
The natural levels of H,PO, for riverine waters range from 0.5 to 3.05 mg/l
[49], H,PO, contents at sites BF5 and BF6 fall outside this range (Table 3).
Nitrate is toxic to aquatic life even at very low concentration [48]. Sample from
downstream (BF 5 - 6) contain high concentrations of some major ions (CI",
SO ), most probably originating from domestic water and tannery wastes (.e.
from the use of sulphuric acid, chromium sulphate and products with a chloride

contents).

Table 1. Classes and range abundance restraint in biotypology study.

Classes Range of abundance
0 Absence
1 (1.10]
2 [11.100]
3 [101. 1000]
4 Sup > 1000

%%
035: Scientific Research Publishing

179



L. Karrouch et al.

Table 2. Statistical description of the analytical data (physical and chemical data) (N: N of
samples. Mean: average. S.E: Standard Error. S.L: Significance Level).

Months in Upstream Downstream
Parameter
2010 (BF 1-4) (BF 5 - 6)
N 48 48
Temperature Mean 18.47 21.2
(W®)] S.E 4.3 4.64
S.L P <0.05 P<0.05
N 48 48
Mean 7.33 6.73
pH
S.E 0.16 0.11
S.L P <0.05 P <0.05
N 48 48
Electric conductivity EC Mean 827.75 1267
(uS/cm) S.E 64.6 89.3
S.L P <0.05 P <0.05
N 48 48
Dissolved oxygen Mean 7.035 2.72
DO (mg/L) S.E 0.62 0.95
S.L P <0.05 P <0.05
N 48 48
Biological oxygen Mean 47.38 170
demand BOD (mg/L) S.E 18.77 57.9
S.L P <0.05 P<0.05
) N 48 48
Chemical oxygen
demand COD Mean 97.74 383.5
S.E 38.02 105.1
(mg/L)
S.L P <0.05 P<0.05
N 48 48
Orthophosphate Mean 7.93 247
H,PO, (mg/L) S.E 2.73 46
S.L P <0.05 P <0.05
N 48 48
Nitrate Mean 3.73 2.02
NO; (mg/L) S.E 1.13 0.76
S.L P< 0.05 P <0.05
N 48 48
Chloride Mean 276.5 499
ClI" (mg/L) S.E 69.37 101.54
S.L P <0.05 P<0.05
N 48 48
Sulfate Mean 9.45 19.3
SO; (mg/L) S.E 2.8 3.64
S.L P <0.05 P<0.05
Total hardness N 48 48
Mean 48.75 60.75
TH (°F)
(1°F = 10 mgl) S.E 5.04 545
S.L P <0.05 P <0.05
N 48 48
Total suspended solids Mean 1304.25 5746
TSS (mg/L) S.E 508.75 1173.5
S.L P <0.05 P<0.05

<3
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Table 3. Pearson’s correlation of physical and chemical data of the Boufekrane River
(2010).

Variable T° EC. pH DO BOD5 COD H,PO, NO, CI° SO} " D.T TSS
T 1
EC. 0141 1
pH  —0.082-0.492 1
DO -0.330-0.651 0.558 1
BOD5 0.432 0.775 -0.462—-0.800 1
COD  0.392 0.790 —0.468-0.809 0.982 1
H,PO, 0.431 0.714 -0.469-0.796 0.869 0.866 1
NO, —0.443-0.530 0.317 0.540 —0.565-0.563 —0.606 1
CI” 0161 0,766 -0.477-0.621 0.736 0.761 0.688 -0.468 1
SOY  0.134 0.559 -0.377-0.669 0.727 0.709 0.671 -0.427 0.532 1
D.T 0040 0.721 —0.428-0.644 0.715 0.741 0.679 -0.398 0.690 0.600 1
TSS  0.006 0.791 —0.503-0.759 0.818 0.839 0.761 -0.436 0.777 0.686 0.775 1

The major contributors to water pollution in this section are industrial facili-
ties (tanneries, brewery, textile, pottery, etc.) scattered in the region. Sewage and
urban waste-water, from town and from several nearby settlements, constitute
other discharges that are negatively affecting the water quality in the region [24]
[50].

Pearson’s correlation of physical and chemical data of the Boufekrane River is
given in Table 3. The dissolved oxygen, nitrate and pH were negatively corre-
lated with other parameters. The biological oxygen demand (BOD) and chemical
oxygen demand (COD) are fairly strongly correlated with each other (r
(DCO-DBO5) = 0.95). However, oxygen (O,) and chemical oxygen demand (r
02-DCO) < -0.809). This could be explained by the increase of organic matter
resulting in decreased oxygen levels in the water.

The principal component analysis (PCA) was performed for all quantitative
variables studied. The results of this analysis show that the first three factorial
axes (F1, F2 and F3) help to explain more than 80% of the total variation (Table
4). In the general case, a better representation of the point cloud in this factorial
design is shown by a lot of inertia [51] [52]. The eigenvalues (Table 4) show that
the majority of information is mainly explained by the first two factorial axes F1
and F2, which represent more than 75% of the total inertia.

The correlation circle (Figure 2) clearly shows that the temperature, electric
conductivity (EC), sulfates, chlorides, suspended solids, orthophosphate, COD,
BOD and total hardness are positively correlated with the first principal compo-
nent F1, pH, dissolved oxygen and nitrates are negatively associated with this
axis. We observe that the main axis F1 have primarily and exclusively organic
character variant. They are very close to the correlation circle; participate in a
major way in the formation of the F1 axis, while the main F2 represents the

mineral character axis.
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Principal component analysis (PCA) of Boufekrane Rive (Figure 3) shows 4

groups:

Table 4. Contribution of the first three axes of the total variance, Boufekrane River.

F1 F2 F3
Eigen value 7.690 1.316 0.712
Variability (%) 64.080 10.969 5.937
Cumulative % 64.080 75.048 80.985

Variable (axes F1 et F2: 75.05 %)

’
T
0.75 +
05 +
PO4
0.25 pH T BODS

Q

Y

= 2

2 025 1
NO,

4 -075 -05 -025 0 025 05 075 1
F1 (64.08 %)

Figure 2. Correlation circle Principal Component Analysis
(PCA) of the physical and chemical data of Boufekrane River.

Observations (axes F1 et F2 : 61.28 %)
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Figure 3. Principal Component analysis (PCA) specimen on
the plane F1 x F2 of Boufekrane. 1: station 1 (BF1); 2: station 2
(BF2); 3: station 3 (BF3); 4: station 4 (BF4); 5: station 5 (BF5);
6: station 6 (BF6). Ja: January; Fe: February; Mr: March; Ap:
April; Ma: May; Ju: June; Ji: July; At: August; Se: September;
Oc: October; No: November; De: December.
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Group 1: This group consists exclusively of individuals 1 (station BF1), scat-
tered and poorly coordinated positively on component 1. The waters of this
group are weakly charged organic matter and well-oxygenated.

Group 2: It is mainly formed by 12 samples that have negative coordinates on
axis 1 with the exception of individuals Ap2, Ma2, Ju4, Sep4 and Ma4. The dis-
persion of samples in this group is much higher along the component 2 (mineral
component).

Groups 3 and 4: These two groups consist of samples for stations BF5 and
BF6. They contain 45% of all samples studied, positive coordinates compared
principal 1 (F1) and highly loaded with organic matter. This group is characte-
rized by a high mineralization during the summer period. Indeed, the reduction
of inputs of water and the temperature increase causes an enrichment of water
chlorides, nitrates, sulfates, and TSS, which results in an increase in the COD

and elevated mineralization leading to an increase of the water contamination.

3.2. Macrobenthic Invertebrate Data

Macrobenthic invertebrates found at the upstream and downstream sampling
sites of the Boufekrane River are shown in Table 5. By combining all 12 sam-
pling months, there were a total of 126 taxa dominating the upstream stations
(BF1-4) while at the downstream stations (BF5-6) there were only 26 taxa found
(Table 5).

Tubificidae (a family within Oligochaeta) also appeared consistently at the 2
downstream stations during the 12 sampling months. According to the SEQ-V.2
scoring system, (BF1:123; BF4:66) the upstream stations for the 12 sampling
months were categorized as “good water quality” while the scores (BF5:26;
BF6:14) for the downstream were categorized as “poor water quality.”

Comparisons of richness indices, diversity indices (Shannon-Weaner and
Evenness), and Biotic index between upstream and downstream are presented in
Table 6. The four biodiversity indices (richness indices SR, Biotic index IBGN,
Shannon-Weaner H’ and evenness index E) gave better information about the
environmental conditions where the organisms lived than a consideration of the
individual taxa alone [53] [54].

It is clearly shown that the Taxonomic richness (SR), Biotic index (IBGN),
and diversity indices [Shannon-Weaner (), Evenness Index (E)] are signifi-
cantly (P < 0.001) higher in the upstream than in the downstream.

Although the values calculated here are for representation, these numbers in-
dicate an increase in the dominance by fewer species especially at the down-
stream stations. This phenomenon was indicated by the evenness index (E)
which is significantly (P < 0.001) lower in the upstream than in the downstream
of the Boufekrane River (E,,, = 0.6). For taxa richness, the number of taxa

present is one measure of biodiversity [55].

3.3. Biotypology Analysis

The Factorial Correspondence Analysis (FCA) is shown in Figure 4. Table 5
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Table 5. Macrobenthic invertebrates and their ranges of abundance found at the up-

stream (stations 1 - 4) and downstream (stations 5 - 6) and codes of each species of the

Boufekrane River.

Species

Polycelis felina
Polycelis nigra
Polycelis tenuis
Phagocata sp.
Dugesia lugubris
Dugesia polychroa
Dugesia gonocephala
Dugesia tigrina
Dendrocoelum lacteum
Potamodrlus sp.
Gordiace sp.
Glassiphonia complanata
Hemiclepsis sp.
Helobdella sp.
Piscicola sp.
Hirudo sanguisuga
Hirudo medicinalis
Nais christane
Nais pardalis
Stylaria sp.
Lumbriculus variegatus
Enchytraeus sp.
Eiseniella tetraedra
Branchiura sowerbyid
Aulodrilus limnobus
Tubifex tubifex
Tubifex ignotus
Valvata piscinalis
Valvata minuta
Valvata fagoti
Valvata globulina
Valvata moquini
Valvata cristata
Valvata exilis
Viviparus vivipara

Viviparus fasciata

Code of
each
species

E
El
E2
E3
E4
E5
E6
E7
E8
E9

E10
El1
E12
E13
E14
E15
El6
E17
E18
E19
E20
E21
E22
E23
E24
E25
E26
E27
E28
E29
E30
E31
E32
E33
E34
E35
E36

Stations Boufekrane River

BF1

16

30

102

15

10

22

12

18

11

Upstream (stations 1 - 4)

BF2

12

14

11

12

17

34

BF3

11

12

13

13

BF4

13

34

12

Downstream
(stations 5 - 6)

BF5

12

18
23
32
10
13
34
94
65
35
67

BF6

453
65
34
54
76

326

678
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Continued
Viviparus bourguignati ~ E37 2 5 8
Bithynia tentaculata E38 67 106 45 78
Bithynia leachi E39 130 93 12 20
Bithynia celtica E40 3 2 3 4
Bythinella viridis E41 97 67 9 12
Bythinella turgida E42 5 5 4 8
Bythinella bicarinata E43 1 9 4
Bythinella bervis E44 5 4 5
Potamopyrgus mercuria  E45 12 45 23 34
Potamopyrgus confusa E46 34 18 12 23
Hydrobia sp. E47 3 12 43 19
Neritia fluviatilis E48 22 45 15 45
Neritia Theodoxus E49 2 87 3
Smaragdia viridis E50 3 4 1
Physa acuta E51 760 340 106 139
Planorbis planorbis E52 760 245 35 68
Planorbis metidjensis E53 5 18 12 23
Gyraulus laevis E54 1 8 4 4
Acroloxus lacustris E55 3 13
Succinea debilis E56 12 5 3
lymnaea peregra E57 55 177 24 12 12
lymnaea truncatula E58 34 145 37 36 10
Lymnaea stagnalis E59 13 2 2 1
Lymnaea sp. E60 2 7 3 5
lymnaea palustris E61 5 4 3 2
Melanopsis praemorsa E62 3356 2563 198 318 12 13
Melanopsis scalaris E63 1084 968 257 215 23 3
Melanopsis mourebeyens  E64 789 408 78 34 12 5
Melanopsis costellata E65 957 560 133 87 16 12
Ancylus fluviatilis E66 5 6 2 9
Pisidum casertanum E67 1 7 6
Unio durieui E68 10 3 1
Unio cygnea E69 1 5 1 3
Gammarus gauthieri E70 32
Gammarus rouxi E71 23 6
Proaselus sp. E72 1 3
Leptestheria mayeti E73 36 97 48
Hydrometra stagnorum  E74 8 16 10 2
Hebrus curtis E75 2 7
Mesovelia fureatu E76 2
Velia caprai E77 3 7
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Continued
Gerris thoracius E78 7 45 12 12 3
Notonecta sp. E79 5 8
Nepa cinerea E80 2 32 6 14
Nepa linearis E81 4 7 2 17
Plea leachi E82 2 8 4 2
Naucoris maculatus E83 1 4 1
Aphelocheirus aestivalis  E84 3 1 2
Ghomphus sp. E85 4 5
Cordulegaster sp. E86 2
Calopteryx sp. E87 5 7 3
Sympcema fisca. E88 1 1
Platycnemis subdilatata. ~ E89 1 2
Perla sp. E90 4 7 3 1
Brachypter sp. E91 1 9
Tyrhenoleuctra sp. E92 3 5 5 3
Ephemera glaucop E93 1 5 8
Ephoron virgo E84 3 9 1
Potamathus luteus E95 2 6
Oligoneuriella skour E96 2 19 5 1
Ecdyonurus rothschildi ~ E97 2 11
Epeorus sp. E98 2 9 3 9 1
Rhithrogena sp. E99 35 2 5 2
Caenis luctuosa E100 2 9 5
Baetis fuscatus E101 3 23 1 9
Baetis muticus E102 2 19 2
Baetis rhodani E103 1 8
Ephemerlla ignita E104 3 9
Procloeon sp. E105 4
Paraleptophlebia sp. E106 4 4
Choroterpes pictéti E107 1 6
Chironomus thumni ~ E108 67 34 5 6 16 63
Chironomus halophilus  E109 34 8 2 8 12
Corynoneura sp. E110 4 3 4 3
Tanytarsus sp. Ell1 3 22 3 5
Chaoborus crystallinus  E112 3
Eristalis sp. El13 2
Simulium sp. E114 6 1
Hemerodromia todrhana E115 1 2
Rhyacophila sp. Ell6 2 6 2
FEcnomus deceptor E117 9 11
Philopotamus sp. E118 1 5
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Continued
Psychomia sp. E119 2 1
Hdroptila sp. E120 8
Agapetus sp. E121 2 3
Silonella aurata. E122 3 6
Dryops sp. E123 9 8 4
Agabus nebulosus E124 1 6
Hydrochus sp. E125 3
Gyrinus urinator El26 3 6
Elmis maugetii E127 2 12 3
Haliplus sp. E128 4
Helophorus sp. E129 2
Hdreana sp. E130 4 5 2
Laccobius gracilis E131 2 4 5
Limnebius sp. E132 8 5 7
Coelostoma sp. E133 7 2
Hygdrobia Tarda E134 1 4 1 2

Table 6. t-test results from comparisons of mean (tstandard error) values of richness in-

dices (SR), diversity indices (Shannon-Weaner A and Evenness index (E) between up-
stream (stations 1 - 4) and downstream (stations 5 - 6).

Water quality indices Upstream Downstream Sienificance
(WQI) (BE1-4) (BE5-6) &
Taxonomic richness (SR) 91 £ 29.5 (min60-max118) 16 + 5.6 (min12-max20) P <0.001
Biotic index: I.B.G.N 16 +4.08 (12 - 20) 45+2.12(3-6) P <0.001
Shannon-Weaner (H') 1.07 £ 0.08 (0.96 - 1.16) 0.65 + 0.28 (0.45 - 0.85) P <0.001
Evenness Index (E) 0.55 + 0.01 (0.54 - 0.57) 0.48 £ 0.16 (0.37 - 0.6) P <0.001
axes F1 et F2 : 80.00 %
1.5
1 €
E79E76
E75 E71E134 F74
K05  E73 %IZZ
> Fem, | F63 63 E30 BF5
N BF2EZEop g'? * E108 A BF6 E27
< E20ER® e E98 : A
SZeal) EJT &S * o o 1 1 1 1 e
N
o BF1 JE17 E65 E21
E22 ] oE57 E68 E25
0.5 e
E9 E£Bac 4
e
=3 E12 E84
-1 -0.5 0 0.5 1 4b 2 25 3 3.5
F1 (64.71 %)

Figure 4. Factorial Correspondence Analysis (FCA) for benthic ma-
croinvertebrates according to sampling sites (Boufekrane River 2010). 4:

Station, #: Species.
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represents the data matrix and codes of each species. The percentage of inertia of

the first two axes totals nearly 80% of the information (Figure 4).

v On axis 1 (Figure 4), three species of Oligochaeta have a strong contribution:
Tubifex tubifex (E27), Lumbriculus variegatus (E21), Helodrilus limnobium
(E25) and to a lesser degree Valvata fagoti (E30), Melanopsis costellata (E65)
and Chironomus thummi (E108). The first factor reflects the relative impor-
tance of 6 species. These species characterize BF5 and BF6, corresponding to
the most polluted stations.

v On axis 2, the highest contributions are due to Hydrochus sp. (E125), Hy-
drometra stagnorum (E74), Lymnaea peregra (E57), Ephoron virgo (E84),
Hygrobia tarda (E134) Melanopsis scalari (E63) and other species have an in-
fluence very low in the plan 1 - 2. The BF3 station has a strong contribution

to this axis and the slightest degree BF4 station.

3.4. Discussion of Physical-Chemical Parameters and
Biological Indices

In the upstream stations, the four biodiversity indices (richness indices SR,
Shannon-Weaner A and Evenness Indice (E) were significantly influenced by
dissolved oxygen (DO), nitrate (NO5) and pH. However, for downstream sta-
tions, these indices were influenced by biochemical oxygen demand (BOD),
chemical oxygen demand (COD), total suspended solids (TSS) and conductivity
(Cond). The richness, diversity, and evenness indices at the upstream and
downstream sampling sites during the 12 months of sampling appeared to re-
spond to the water quality deterioration (Table 5 and Table 6). High species di-
versity at the upstream was associated with unpolluted conditions, while lower
species biodiversity often signified environmental stress due to human activities.

Pearson’s correlation of coefficients of diversity indices and physicochemical
data of the Boufekrane River are presented in Table 7. The three diversity indic-
es (RS, Biotic index, and H') were significantly influenced by TSS, conductivity
and H,PO, (negatively proportional r > —0.68). From the correlation analysis
(CA) (Table 7), Taxonomic richness (RS), Biotic index (IBGN) and Shannon-
Weaner (H') were negatively and significantly (P < 0.001) correlated with TSS
(r=-0.86,r=-0.82,r =0.84), E.C (r = -0.84, r = -0.90, r = —0.83) and H,PO,
(r=-0.85;r =-0.80, r = —0.69).

Table 7. Pearson’s correlation of coefficients of diversity indices and physical-chemical
data of the boufekrane river.

DO TSS T BOD EC. COD  H,PO,

Taxonomic richness (SR) 0.89%**  —0.86*** —0.57** —0.59%** —0.84%%* —0.64** —0.85%**
Biotic index: .B.G.N 0.92%%*  —0.82*** —0.63** —0.60** —0.90*** —0.62*** —0.80***
Shannon-Weaner (A)  0.84%** —0.84%%* —0.69%** —0.57%** —0.83%** —0.24* —0.69"**
Evenness Index (E) —0.687**  0.62***  0.45**  0.42%*  0.73%** 0.21* 0.52%**

TSS: total suspended solids; DO: dissolved oxygen; BOD: biological oxygen demand; COD: chemical oxy-
gen demand; H,PO, : Orthophosphate; T: temperature; E.C.: Electric Conductivity. Values given are the
correlation coefficients (r) and their levels of significance (*P < 0.05; **P < 0.01; ***P < 0.001).
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In addition, Taxonomic richness (SR) was negatively and significantly influ-
enced by the biological oxygen demand (BOD, r = -0.59, P < 0.001), chemical
oxygen demand (COD, r = -0.64, P < 0.001), total suspended solids (TSS, r =
—0.86, P < 0.001) and Orthophosphate (H,PO, : r = —0.85, P < 0.001), this shows
of the impacts of anthropogenic activities on the survival of species (Down-
stream BF5-BF6) while the Biotic index (IBGN) was significantly and positively
correlated with dissolved oxygen (DO: r = 0.92, P < 0.001) increase in oxygen
dissolved in water promotes the existence of the species.

With regard to the diversity index, it was influenced by TSS and conductivity.
For Shannon’s index, it was significantly (P < 0.001) influenced by TSS (CA: r =
—0.84), temperature (CA: r = —0.69), and conductivity (CA: r = —0.83). There-
fore, the richness and diversity indices were generally influenced by TSS, COD,
BOD and the conductivity of the river water, because the increase of the COD,
TSS, BOD in the downstream sites (Table 2) leads to the reduction of Tax-
onomic richness and diversity index (Table 6).

Members of the order Ephemeroptera are considered to be sensitive to envi-
ronmental stress and their presence signified relatively clean conditions [56].
The numbers of Ephemeroptera taxa were highest at the upstream; they were
absent at the downstream (Table 5). The downstream stations were dominated
by Lumbriculus sp., Aulodrilus sp. and Tubifex sp. (Oligochaeta) and this worm
species is known to be able to tolerate unfavorable conditions such as low DO
and high pollutant concentrations [20] [57]. For example, a high density of oli-
gochaetes is a good indication of organic pollution [58] and low DO concentra-
tions had been related to sewage outfalls [55]. The order Oligochaeta also has a
high tolerance to a variety of stresses and when they are present in high abun-
dance, is a good indicator of pollution [59] [60]. Therefore, Lumbriculus varie-
gatus is potential bioindicator for a polluted river ecosystem. This agreed with
the suggestion by Yap et al, 2003 [61] for Jumbriculus sp. found at the down-
stream of the River. Harrell and Smith 2002 [62] found evidence that some or-
ganic enrichment at the downstream of the River was indicated by the domin-
ance of Tubifex and decreased oxygen concentrations. Trichoptera are potential
bioindicators for the clean ecosystem since they could be found at the clean up-
stream stations (Stations 1 - 4) of the Boufekrane River. On the other hand,
some chironomid sp. “sensitive” were found only at the upstream stations. The
distribution of the benthic macroinvertebrates in the Boufekrane River could
possibly remain in the clumped pattern for a period of time unless the river is
disturbed by natural and anthropogenic activities.

Human activities may change the normal development of these fragile ecosys-
tems, especially in the downstream of the Boufekrane River. The poor water
quality at the downstream could be attributable to several man-induced activities
such as urban runoff to surface river water due to direct or unregulated dis-
charges in the Boufekrane River passing through populated regions. In addition
to urban effluents, nearby light industries from oil palm mills, house-building,

and agricultural pesticides could have strong influences on the macrobenthic
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invertebrates and cause severe variations in their assemblages. These organisms
have different levels of sensitivity to pollution and many abiotic factors in the
river ecosystem [63]. Use of the waters of the Boufekrane River for irrigation,
mainly downstream, poses a risk of contamination by penetration of pollutants
in groundwater.

The physicochemical data and the presence/absence of macrobenthic inverte-
brates in the upstream and downstream stations indicated in function of a com-
bination of natural and anthropogenic influences. The hydrology of the river
along the length of the watershed could be changed, but the most significant
factor in changing the distribution of benthic macroinvertebrates is the anthro-
pogenic inputs. This is well supported by the human activities found in the
downstream of the river. The lack of obvious changes in the presence/absence of
the macrobenthic invertebrates during the year of samplings indicated that the
Boufekrane River was not highly fluctuating with regard to the seasonality of
rainfall and dilution factor. The consistent presence of the resistance Tubifex sp.
at the downstream stations indicated regular point sources of pollution dis-
charge due to human activities and this causes the water quality deterioration.
On the other hand, species sensitive to pollution such as Trichoptera and Ephe-
meroptera were present consistently at the clean water quality upstream ecosys-
tem.

This indicated the natural habitats of the biotic species that truly reflected the
assemblages and distribution of the benthic macroinvertebrates. The assemblag-
es and distribution of the benthic macroinvertebrates frequently change in re-
sponse to pollution stress in predictable ways. This is the basis for the develop-
ment of biological criteria to evaluate anthropogenic influences [19] [55].

Gray [64] summarized the responses into three distinct categories: reduced
diversity, increased domination by a single or group of opportunistic species,
and reduced individual size. The first two were shown by the macrobenthic data
of the downstream of the Boufekrane River. The polluted downstream had do-
minant species of oligochaete worms and reduced species diversity. The domin-
ance of species with different levels of pollution tolerance found in the upstream
and downstream stations indicated distinct environmental conditions, from the
no polluted upstream to the polluted downstream. Individual species may vary
in population density for a wide variety of reasons [59] [65] [66], indicating nat-
ural variations of biotic and abiotic factors of the Boufekrane River. The distri-
bution of the benthic macroinvertebrates in the Boufekrane River could possibly
remain in the clumped pattern for a period of time unless the river is disturbed
by natural and anthropogenic activities. Natural variation in river conditions al-
so played major roles in the macroinvertebrate community structure. Based on
the multiple regression analysis, TSS, COD and electric conductivity were three
physicochemical parameters identified as altering the benthic macroinvertebrate
community, as indicated by the biodiversity indices.

Finally, the absence of sensitive benthic macroinvertebrates and the presence

of the tolerant Tubifex sp. supported the classification of the downstream sta-
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tions as “polluted” by using the SEQ score system. This is in agreement with the
report by the Sebou Agence (2006) that the rivers in basin were generally clean
at the upstream and were either slightly polluted or polluted due to urban wastes
and agricultural activities at the downstream. This has strengthened our ecotox-
icological point of view that anthropogenic activities contributed to the changes
in the distribution of the benthic macroinvertebrates in the Boufekrane River. In
most circumstances anthropogenic sources of rivers include terrestrial sources
from mining industries and urbanization along the rivers. The extent to which
human activities have influenced the concentration of pollutants at a particular
location is especially important to the local authority as it is fundamental to the
need, or otherwise, for control of pollutants discharged in effluents and atmos-
pheric emissions. The downstream parts of the Boufekrane River received
wastewater from some densely populated areas and industries nearby and there-
fore it is important that the regulatory authorities should implement and enforce

an appropriate strategy to monitor, regulate, and protect this area of the river.

4. Conclusion

The impacts of anthropogenic activities on the water quality, biodiversity, and
distribution of benthic macroinvertebrates were noticeable. Compared to the
pristine upstream stations, resistant benthic macroinvertebrates could be found
only in the downstream of the Boufekrane River with poor and low water quality
indices and “poor” diversity indices A score. Therefore, the collection of certain
macrobenthic species, particularly in polluted and non-polluted parts of a river
indicated that they could be used as potential bioindicators for river pollution.
These macrobenthic species can be used to establish biological criteria to classify
the river ecosystem as being healthy or polluted. This information is very im-
portant to serve as a baseline study for the area to inform regulators of the con-
ditions and how the use of bioindicators can assist in environmental monitoring
and management of the area. Once the information on the life histories of the
benthic macroinvertebrates from Morocco is lacking, our list of benthic ma-
croinvertebrates found in the Boufekrane River is useful and more taxonomic

work should be done for the identification of the organisms at the species level.
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