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Abstract

To explore the spatiotemporal variation of benthic communities and assess their response to anthropogenic pressures and climatic
variability, a seasonal biomonitoring of benthic macroinvertebrates in the Martil Basin was carried out. Macroinvertebrates were
sampled seasonally at 19 sites from autumn 2015 to spring 2018, and the performance of the Iberian Biological Monitoring Working
Party (IBMWP), the Standardized Global Biological Index (IBGN), the Average Score Per Taxon (ASPT), and the Family Biotic
Index (FBI) indices were assessed. The results showed a clear decline in taxa richness from the upper to the lower river sections.
The overall water quality of the Martil River Basin ranged from moderate to poor, but the different indices produced various
classification outcomes. The IBMWP index showed highest correlation with taxonomic richness being the most appropriate for
assessing the water quality. Notwithstanding, we suggest that biotic indices should be included as an essential tool for assessing the

water quality in Moroccan streams, for maintaining the ecological integrity.
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1. Introduction

Freshwater has always been a key factor for
agricultural, industrial and domestic development
(Arifi et al., 2018). Most water bodies have been
subjected to increasing pollution loads, greatly
affecting their water quality and ecosystem health
status, causing physicochemical and flow-regime
alteration and habitat loss. These physicochemical and
hydromorphological changes are major drivers of the
distribution of aquatic fauna in surface waters and
especially in countries that are undergoing significant
anthropogenic development (Hepp et al., 2013;
Prommi and Payakka, 2015).

Understanding the interactions between
anthropogenic  threats, habitat and ecological
response, including in particular the structure of

benthic communities in Mediterranean areas, is a
major challenge for the conservation of freshwaters
and their biota (Bonada and Resh, 2013; Bruno et al.,
2014; Cooper et al., 2013). It has also been well
documented that Mediterranean rivers are subject to
temporal climatic variability, alternating between wet
and, often extreme, dry periods, which means that
greater fluctuations in water quality, water availability
and aquatic biodiversity can be expected (Aktas, 2014;
Béche and Resh, 2007; Munné and Prat, 2011).
Water quality monitoring refers to the
acquisition of quantitative and qualitative information
using an integrated approach for evaluating the
physical, chemical and biological characters of water
in relation to human activities, ecological conditions
and designated water uses (Norris and Thoms, 1999).
Currently, numerous biotic indices have been
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developed, based on aquatic taxa, to evaluating water
quality and classify the ecological status of water
bodies (Aazami et al., 2015). A range of aquatic
organisms have been selected as bioindicators of water
quality and ecological integrity. Among them,
macroinvertebrates have been recognized as suitable
indicators of the overall ecosystem health (Nguyen et
al., 2017). Macroinvertebrates are the middle link of
the food chain in streams playing a central role in
energy flow and material cycling (Li et al., 2015).
They represent an extremely diverse group of aquatic
animals, with several advantages as bio-indicators and
a wide range of responses to multiple natural and
human-induced stressors such as organic pollutants,
sediments, and toxicants, reflecting stream conditions
over a long time period (Cairns and Pratt, 1993;
Mophin-Kani and Murugesan, 2014). Apart from
responding to human stressors, the structure and
composition of benthic communities vary temporally
with the seasons and spatially in different parts of the
Basin (Alvarez-Cabria et al., 2010).
Macroinvertebrates based biotic indices have
been developed based on the degree of ecological
sensitivity of each taxon (Armitage et al., 1983;
Mophin-Kani and Murugesan, 2014; Nguyen et al.,
2017), by combining numerical expressions of
macroinvertebrate diversity and qualitative data on
their ecological sensitivity with respect to different
disturbance situations (Czerniawska-kusza, 2005). A
great variety of macroinvertebrates-based biotic
indices has been developed to assess levels of
pollution and other human influences in
Mediterranean streams (Prommi and Payakka, 2015;
Sedefio-Diaz and Kohlmnan, 2012), such as the
Average Score Per Taxon (ASPT) (Armitage et al.,
1983), the Family Biotic Index (FBI) (Hilsenhoff,
1988), the Ephemeroptera, Plecoptera and Trichoptera
(EPT) (Lenat, 1988), the Iberian Biological

Monitoring Working Party (IBMWP) (Alba-Tercedor
et al., 2002), the Standardized Global Biological Index
(IBGN) (AFNOR, 2004).

The purpose of this study was: (1) to assess
water quality variation at selected sites in the Martil
River Basin, using macroinvertebrates-based biotic
indices (IBMWP, IBGN, ASPT, FBI; (2) to analyse
the composition and the distribution of
macroinvertebrate assemblages at the family level of
the river’s upper, middle and lower sections and (3) to
compare the response of each of the four biotic indices
to the Martil Basin’s stress gradients, for determining
the most suitable index for the particular hydrological
and climatic conditions of Morocco. Considering that
the water quality monitoring programmes in the
country are mainly based on physicochemical
measurements, our study is a crucial step towards
upgrading to integrated physicochemical-biological
monitoring schemes, advancing towards the
sustainable management of the water and biological
resources in Morocco.

2. Material and methods
2.1. Study area

The Martil River Basin is located at the
northwestern part of Morocco (latitudes between
35°10' and 35°45'N; longitudes between 5°17' and
5°38'W). It is part of the Tangier-Tetouan-Al Hoceima
Region (Karrouchi et al., 2016) (Fig. 1). This Basin
belongs to the Rifain domain, surrounded to the North
by the chains overlooking the Strait of Gibraltar, to the
West by the Gharb plains, to the South by the Atlas
Mountains and to the East by the Mediterranean Sea.

The Martil River Basin occupies an area of
1259 km?, with altitudes ranging from 0 m to 1782 m
(average altitude 424 m) (Karrouchi et al., 2016).

0000 508000 510000 520008
L L L 1

ST0000
;

T
5T0000

\ Mediterranean §
Sea

i L
i g
2
Legend
1 ®  Station .

g = City g
“_ Stream
D Watershed boundary

| — L

0 325 85 13 195 2

Fig. 1. Study area; the Martil River Basin, Morocco, and the location of the 19 sampling sites
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The climate of the study area is mainly
Mediterrancan  with  an  oceanic  influence,
characterized by two different seasons with cold
winters and hot summers (Karrouk, 1990). The
average annual precipitation varies between 500 and
750 mm/year (El Ouadini et al., 1996).

The basin’s highlands are occupied by
relatively dense forest cover. The middle parts of the
basin are generally occupied by limited agricultural
land (Oualad Mansour et al., 2009), and the lowlands
are characterized by high population density and
industrial activities with a proliferation of quarries and
industrial units of tanneries, brickworks, cement units,
and marble factories resulting in the release of large
quantities of pollutants into the rivers without any
prior treatment (MEMEE, 2013).

2.2. Macroinvertebrates sampling and identification

Seasonal monitoring was carried out at
nineteen sampling sites throughout in ten seasons
between Autumn 2015 and Spring 2018, except for the
Autumn 2016, when there was a severe period of
drought that caused most streams to dry up.
Macroinvertebrates were sampled at each site using
two sampling techniques, Surber net (20 x 20 cm) for
rocky substrate and standard hand net (25 x 25 cm)
used by kicking and sweeping from all available
microhabitats that are representative of the site. The
duration of each sampling (from 30 to 60 min) is
determined depending on the available microhabitats
(riffles, pools, runs, vegetated and edges) and sample
takes an average of 10-15 minutes per microhabitat
type to get sufficient samples representative of the site.
Organisms were afterwards collected, separated from
debris and finally placed in a plastic box containing
95% alcohol. Back in the laboratory, individuals were
sorted and identified to the family level under a
binocular microscope with relevant identification keys
(Sansoni, 1992; Tachet et al., 2002), subsequently
conserved in 70% alcohol to produce a full list of taxa
present.

2.3. Biotic indices

Four biotic indices were selected to compare
their performance in the Martil River Basin (Table 1).
The assessment of biological water quality in this
study was based on the following indices:

IBMWP (Iberian Biomonitoring Working
Party) (Alba-Tercedor et al., 2002): The IBMWP
index is used to evaluate the water quality, based on
macroinvertebrates sensitivity to pollution. For the
application of this index. IBMWP is calculated by
attributing a score from 1 to 10 based on each taxon’s
tolerance to pollution (Armitage et al, 1983;
O’Callaghan and Kelly-quinn, 2013; Poquet et al.,
2009). The scores of all taxa are then summed and the
final IBMWP score is categorized into one of five
water quality classes (Alba-Tercedor et al., 2002;
Poquet et al., 2015).

IBGN (Standardized Global Biological Index)
(AFNOR, 2004): The IBGN index ranges from 0 to
20, within a five-class system. The index’s
macroinvertebrate list contains 152 taxa, 38 of which
belong to 9 indicator groups. The IBGN is then
calculated from a double input analysis table,
depending on both the number of taxa and the
indicator groups (AFNOR, 2004; Benzena and Bachir,
2018; Guilpart et al., 2012).

ASPT (The average score per taxon)
(Armitage et al., 1983): The ASPT index is calculated
by dividing the IBMWP value by the number of
families present in the sample. The ASPT score ranges
from 0 to 10; high scores indicate of a clean site
containing large numbers of high scoring taxa, while
low scores correspond to small numbers of taxa
indicating the existence of pollution (Armitage et al.
1983; Arslan et al., 2016; Mandaville, 2002).

FBI (Family Biotic Index) (Hilsenhoff, 1988):
The FBI index is calculated by multiplying tolerance
values of indicator families by their abundances,
summing the results and dividing them by the total
number of macroinvertebrate individuals in the
sample (Mandaville, 2002; O’Callaghan and Kelly-
quinn, 2013). The tolerance values increase as water
quality decreases, ranging from 0 to 10 based on their
sensitivity to pollution (Hilsenhoff, 1988; Ojija et al.,
2017).

2.4. Statistical analysis

Kolmogorov-Smirnov test was applied to
determine whether or not each biotic index calculated
over the 19 sites at all sampling seasons follow a
normal distribution. Since normality was not achieved
for all indices, the Spearman’s Rank correlation was
applied to measure the degree of association among
the various biotic indices.

Table 1. Scores and categories of biotic indices used for the classification of samples in the Martil River Basin.

IBMWP IBGN ASPT FBI
Score Category | Score Category Score Category Score Category

> 101 Good 17-20  |[Very good P 6 Clean water 0.00-3.75  |[Excellent

61-100  [Moderate 13-16  |Good 5-6 Doubtful quality 3.76-4.25  |Very good

36-60 IPoor 9-12 IModerate 4-5 IProbable moderate pollution 4.26-5.00  |Good

16-35 Bad 5-8 IPoor <4 [Probable severe pollution 5.01-5.75 Fair

<16 \Very bad 4 Bad 5.76-6.50 [Fairly poor
6.51-7.25  |Poor
7.26-10 Very poor
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Simple linear regression was applied to explore
the relationship between taxonomic richness and the
indices selected. Correlation and regression analysis
were conducted using the IBM SPSS v21 software.

3. Results and discussion
3.1. Macroinvertebrate assemblages

In total, more than 29 513 macroinvertebrate
individuals were sorted and identified across all

nineteen sites distributed among 13  orders
(Rhynchobdellida, Gastropoda, Veneroida,
Amphipoda, Isopoda, Branchiopoda, Ephemeroptera,
Plecoptera, Odonata, Hemiptera, Coleoptera,

Trichoptera, Diptera) and 79 families which belong to
three phylums (Annelida, Mollusca, and Arthropoda).
Arthropoda were found to be the most dominant
group, containing the majority of families (89%),
followed by Mollusca (10%) and Annelida (1%).

The most predominant orders were Diptera (16
families), followed by Coleoptera (13 families),

Trichoptera (10 families) and Hemiptera (10 families).
Plecoptera, and Odonata were represented by 7
families for each one of them, Ephemeroptera (6
families) while Gasteropoda contains 5 families.
Amphipoda, Branchiopoda, Isopoda,
Rhynchobdellida, and Veneroida show few taxa
consisting of one family for each one (Fig. 2).

With respect to seasonal variations of the total
sampled sites from Martil Basin, our results show that
the taxa richness recorded a maximum of 51 families
in Spring 2017 and a minimum of 37 families in winter
2018. In terms of abundance, the greatest number of
taxa was recorded during spring 2018 (4550
individuals), whereas Autumn 2015 registered the
lowest number of taxa (2149 individuals).

The maximum and minimum numbers of
families were collected at site S1 (35 families) in
Spring 2017 and at site S18 (1 family) in winter 2018,
with an average of 21 and 5 families per season
respectively. Sites S4, S10, S12, S13, S14, S15, S16,
S18 and S19 had the lowest number of families with
(0 taxa) during floods or droughts.
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Fig. 2. Seasonal variation of taxa richness (a) and abundance (b) of macroinvertebrates taxonomic groups during
our study period at Martil Basin
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Simuliidae was the most abundant family,
accounting for 22% of the total of individuals
sampled, followed by Baetidae and Chironomidae,
(22% and 10%, respectively). Baetidae, Caenidae,
Chironomidae, Corixidae, Notonectidae, Physidae,
and Simuliidae were the most frequently occurring
families among the 19 sampling sites.

The deterioration of river water quality in
northern Morocco is caused by a multitude of natural
and human-induced stressors. Those of natural origin
are associated to the hydro-climatic conditions of the
region, including environmental variability within a
Mediterranean climate, which determines a specific
regime of the river systems, which is characterized by
steep slopes, and short and abrupt watercourses,
inducing fluvial dynamics controlled by sequential
and seasonal flooding and drought events over an
annual cycle.

The strong seasonality and hydrological
conditions, especially in intermittent Mediterranean
streams where riffles dry up, play a major role in the
control of available habitats transforming stream
fragments into a series of pools in the river bed,
imposing large changes in community structure of the
benthic fauna (Bonada et al., 2006; Gasith and Resh,
1999; Obolewski et al., 2016; Robson et al., 2012).
Those of anthropogenic origin are caused by domestic,
industrial and agricultural effluents affecting the water
quality.

As a result, benthic assemblages are constantly
changing in the presence of these disturbances
expressing their ecological responses through a
reorganization of their benthic communities. Within
our study period, taxonomic richness peaked in Spring
and decreased during summer, Autumn and winter. In
this context, the number of Ephemeroptera, Plecoptera
and Trichoptera (EPT) taxa showed substantial
seasonal variation, while Chironomidae showed
moderate seasonal stability (Chi et al., 2017; Maloney
and Feminella, 2006). Moreover. the results of Bonada
et al. (2006) suggested that the changes in community
structure with loss of EPT richness, relative to
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Odonata, Coleoptera, and Heteroptera (OCH) richness
is explained by the loss of longitudinal connectivity
when riffles become dry and the streams are limited
into a series of pools which represent a refuge for some
tolerant lentic taxa (OCH) but not for the majority of
sensitive lotic taxa (EPT) in Mediterranean
hydrosystems.

3.2. Comparison of the performance of biotic indices

The seasonal variation of the IBMWP index
showed significant fluctuation among the sites studied
(Fig. 3). This index showed highest values in Spring
with the maximum score (189) observed at site S1.
Based on the IBMWP index, 7% of samples in the
Martil River Basin were classified as good, 26% were
classified as moderate, 33% were classified as poor
and 10% had bad quality status. The IBMWP index
indicates a strong quality decrease from the upstream
to the downstream of the Basin.

As regards the values of IBGN (Fig. 4), this
index showed highest values in Spring 2017 with the
maximum score (17) observed at site S1. Based on the
IBGN index, only 1% of samples were classified as
very good quality, 4% were classified as good, 23%
were classified as moderate, and, 44% were classified
as poor and 28% had bad quality status.

The ASPT index showed highest values in
winter 2016 with the maximum score (6.33) observed
at site S15. Based on the ASPT index, 2% of samples
in the Martil River Basin were classified as clean
water quality, 21% were classified as doubtful quality,
41% were classified as probable moderate pollution
and 36% had a probable severe pollution quality (Fig.
5).

FBI index showed highest values in summer
2017 with the maximum score (0.125) observed at
S17. Based on this index, 57% of samples were
classified as very good, 15% were classified as good,
15% were classified as fair, 10% was classified as
fairly poor, 2% were classified as fairly poor and 1%
had very poor quality status (Fig. 6).

Good

Moderate

« Poor

r

T ‘ Bad
. Very bad

T
PP

Sites

T
DD O NV D00 A DO
ICRCACNCACA AN

Fig. 3. Scatterplot showing the seasonal variation of the IBMWP index at each of the 19 sites sampled
in the Martil River Basin. The vertical line indicates the rating scale of the index
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The results showed significant variation in the
mean scores of the four indices (IBMWP: 50.20;
IBGN: 6.48), and a tendency to classify the status of
the Martil River Basin as poor, while the ASPT
suggests ‘probable moderate pollution’ (score 6.84).
The FBI index was an exception to this, as it indicated
‘very good’ quality (score 3.84), and showed high
values also at the lower section of the watershed even
though they are influenced by high levels of pollution.

Statistically significant and strong correlations
were observed between IBMWP and IBGN (r=0.957,
p =0.01), IBMWP and ASPT (r = 0.676, p =0.01) and
between ASPT and IBGN (r = 0.676, p =0.01).
Negative significant and strong correlations were
observed between FBI and IBMWP (r = -0.281, p
=0.01), FBI and IBGN (r = -0.659, p =0.01) and
between FBI and ASPT (r =-0.55, p =0.05) (Table 2).

Moreover, Spearman’s correlations revealed a
weaker relationship between FBI and the other
indices, this is in agreement with studies that used
benthic assemblage as indicators to estimate the
ecological state of the Mediterranean rivers (Kalyoncu
and Zeybek, 2010; Yorulmaz et al., 2015).

To assess the performance of each index, a
linear regression analysis was applied to relate the
number of taxa found over all the sampling period in
our study area and biotic indices (Fig. 7). A highly
significant and strong correlation exists between the
taxonomic richness and the IBMWP index (r* = 0.92)
and the IBGN index (> = 0.85) by presenting good
linear regressions. In contrast, the ASPT and FBI
weakly correlated with taxonomic richness and
showed a relatively low correlation (r>=0.28;
r’=0.223), respectively.

Table 2. Spearman’s correlation among the four biotic indices calculated for the samples of the Martil River Basin.

IBMWP IBGN FBI ASPT
IBMWP 1
IBGN 0.957" 1
FBI -0.281* -0.659"" 1
ASPT 0.676" 0.676" -0.055 1
** The correlation is significant at level 0.01 (bilatéral)
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Fig. 7. Linear regression between the (a) IBMWP, (b) IBGN, (c) ASPT and (d) FBI as a function of taxa richness from the
nineteen sampling sites in Martil Basin during the study period
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It is worth noting that the indices had various
seasonal patterns. The IBMWP and IBGN indices
which are based on taxa richness had similar variation
across seasons in the sites of the Martil River Basin
over the study period, in accordance with the results
obtained from Younes-Baraillé et al. (2005),
Hamzaoui and Arab (2012) and Abbou and Fahde
(2017) in other Mediterranean streams.

Nevertheless, it is important to highlight that
IBGN was the most rigorous index, due to the
influence of the pollution-sensitive EPT taxa, which
represent the majority of families included as indicator
groups in the IBGN index. The IBMWP was higher
during dry periods since it assigns scores to the
majority of macroinvertebrates families according to
their sensitivity to pollution, being more stable when
climate conditions change, especially with the
increase of the proportions of Diptera, Coleoptera and
Hemiptera, the abundance of which increases in
Mediterranean streams during dry periods. The
gradual changes occurs from macroinvertebrates
typical of lotic habitats to those that seems to prefer
lentic habitats (such as isolated pools), in which taxa
with high dispersal gradient that move easily along
hydrological connections (e.g., Heteroptera and
Colepotera), are more frequent- (Bonada et al., 2006;
Gasith and Resh, 1999; Hershkovitz and Gasith, 2013;
Robson et al., 2012).

ASPT, which does not account for taxonomic
richness, had varying performance among seasons.
Since it is based on the abundance of taxonomic
groups. The FBI index was the least sensitive to
pollution, classifying the water quality in the Martin
River Basin as excellent or very good quality as
demonstrated in other studies in Mediterranean
streams (Fagrouch et al., 2011; Gongalves and de
Menezes, 2016; Rada and Puljas, 2010; Sanchez-
Montoya et al., 2010).

Finally, the strong correlation of IBMWP with
taxa richness suggests that this index is the most
suitable in assessing the water quality of Moroccan
streams, especially that the biotic metrics based on the
composition and taxa richness data is often taken as a
valid tool to improve water quality rather than those
based on abundance metrics which are less effective
due to the strong variation of hydrologic factors in
Mediterannean streams (Pinto et al., 2004; Sanchez-
Montoya et al., 2010).

As highlighted by previous studies from
various regions of the globe (Solimini et al., 2000),
taxa richness show a significant fluctuation according
to altitudinal gradient. However, the upstream areas of
the Martil River Basin have a well-developed
structure, with pollution sensitive families of
macroinvertebrates, and higher taxonomic richness
related to the integrity of the aquatic ecosystem. Mean
values of biotic indices were obtained in the mean
courses of the Basin reflecting a decline in taxonomic
diversity due to the impacts of agricultural activities.

A significant decrease in taxonomic richness
and the scores of biotic indices in the lower course of
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the Oued Martil, which reflects extensive pollution
generated by various human activities, mainly those
that are carried out along the river, and thereby
affecting the entire ecological integrity of the
downstream section.

4. Conclusions

From this current study, water quality is
strongly influenced by anthropogenic pressures and
hydro-climatic conditions. The analysis of the
macroinvertebrates communities revealed that the
further downstream we move, the more pollution-
sensitive taxa decline or even disappear. In fact,
Baetidae, Chironomidae, and Simuliidae were the
largest faunal group dominating the study area which
exhibited some spatiotemporal stability.

Based on the combined results of biotic
indices, water quality is classified from "moderate" to
"poor" quality in Martil Basin. In comparing indices
sensitivity to natural and anthropogenic pressures, we
found that IBMWP seems to be more suitable than
other indices and better at reflecting the actual
condition in northwestern Moroccan aquatic
ecosystems since it is the most suitable with changes
macroinvertebrate assemblages. Thus, the upper part
of this river system appears to have good water
quality, while the lower part has been classified as bad
quality.

The performed comparative Spearman’s
correlation and regression analysis to assess the
responses of indices to variations in water quality
allows us to conclude that IBMWP reflected a positive
response to the variations in taxa richness and habitat
conditions and showed a good relationship with IBGN
and ASPT and different performance from the FBI
which was inadequate to define the water quality of
Martil Basin.

However, there is a need for more intensive
study on aquatic assemblages in Moroccan Basins to
fully comprehend the biological and ecological traits
of macroinvertebrates in order to establish a Moroccan
Biotic Index or the adaptation of IBMWP according to
local macroinvertebrates, the morphologic, climatic
and ecological characteristics of Moroccan streams.

Different approaches used in these indices
require integration throughout the Mediterranean
Basin since the combined application of those biotic
indices in monitoring programmes will create
consistent  classifications and develop the
environmental management and the ecological
integrity of hydrosystems.

Acknowledgements

We are very thankful to anonymous reviewers for their
useful comments and valuable corrections on an early draft
of this manuscript. We would like to thank El Alami Majida,
Bennas Nard, Errochdi Sanae, El Haissoufi Mohamed and
L’mohdi Ouassima (University of Abdelmalek Essaddi-
Tetouan, Morocco) for checking with us the list of aquatic
macroinvertebrates families. We are also grateful to Ibrahim
Chergui El Himyani (University of Abdelmalek Essaadi-



Performance of macroinvertebrates-based biotic indices for assessing water quality in Martil River Basin, Northern Morocco

Tetouan, Morocco) for his kind help in creating the map of
Martil Basin.

References

Aazami J., Esmaili-Sari A., Abdoli A., Sohrabi H., Brink
Den P.J.V., (2015), Monitoring and assessment of water
health quality in the Tajan River, Iran using
physicochemical, fish and macroinvertebrates, Journal
of Environmental Health Science and Engineering, 13,
1-12.

Aktas O., (2014), Impacts of climate change on water
resources in Turkey, Environmental Engineering and
Management Journal, 13, 881-889.

Abbou F., Fahde A., (2017), Bio-evaluation of water quality
of the middle Sebou by application of biotic indexes,
Larhyss Journal, 30, 239-252.

AFNOR, (2004), Determination of the standardized global
biological index (IBGN), Ecological quality of aquatic
areas. Water quality, French Standardization
Association, Approved standard T 90-350, (in French).

Alba-Tercedor J., Jaimez-Cuéllar P., Alvarez M., Avilés J.,
Bonada N., Casas J., Mellado A., Ortega M., Pardo 1.,
Prat N., Rieradevall M., Robles S., Elisa Sainz-Cantero
C., Sanchez-Ortega A., Sudrez L., Toro M., Vidal-
Abarca R., Vivas S., Zamora-Muiioz C., (2002),
Characterisation of the ecological status of Iberian
Mediterranean rivers using the IBMWP index, (in
Spanish), Limnetica, 21, 175-185.

Alvarez-Cabria M., Barquin J., Antonio Juanes J.A., (2010),
Spatial and seasonal variability of macroinvertebrate
metrics: Do macroinvertebrate communities track river
health, Ecological Indicators, 10, 370-379.

Arifi K., Elblidi S., Serghini A., Tahri L., Yahyaoui A.,
Fekhaoui M., (2018), Taxonomic diversity of benthic
macroinvertebrates and bio-evaluation of water quality
of Grou River (Morocco) through the use of the
standardized global biological index (IBGN), Journal of
Materials and Environmental Sciences, 2508, 1343-
1356.

Armitage P.D., Moss D., Wright J.F., Furse M.T., (1983),
The performance of a new biological water quality score
system based on macroinvertebrates over a wide range
of unpolluted running-water sites, Water Research, 17,
333-347.

Arslan N., Salur A., Kalyoncu H., Mercan D., Baris B.,
Odabasi D.A., (2016), The use of BMWP and ASPT
indices for evaluation of water quality according to
macroinvertebrates in Kucuk Menderes River (Turkey),
Biologia, 71, 49-57.

Béche L., Resh H.V., (2007), Short-term climatic trends
affect the temporal variability of macroinvertebrates in
California  ‘Mediterranecan’  streams, Freshwater
Biology, 52, 2317-2339.

Benzena 1., Bachir A.S., (2018), Diversity of benthic
macroinvertebrates and streams quality in the National
Park of Belezma (Northern-east, Algeria), International
Journal of Health and Life-Sciences, 4, 1-18.

Bonada N., Resh V.H., (2013), Mediterranean-climate
streams and rivers, geographically separated but
ecologically  comparable freshwater systems,
Hydrobiologia, 719, 1-29.

Bonada N., Rieradevall M., Prat N., Resh V.H., (2006),
Benthic macroinvertebrate assemblages and
macrohabitat connectivity in Mediterranean-climate
streams of northern California, Journal of the North
American Benthological Society, 25, 32-43.

Bruno D., Belmar O., Sanchez-Fernandez D., Guareschi S.,
Millan A., Velasco J.,, (2014), Responses of

Mediterranean aquatic and riparian communities to
human pressures at different spatial scales, Ecological
Indicators, 45, 456-464.

Cairns J.J., Pratt J.R., (1993), A History of Biological
Monitoring using Benthic Macroinvertebrates, In:
Freshwater Biomonitoring and Benthic
Macroinvertebrates, Rosenberg D., Resh V., (Eds.),
Chapman and Hall, New York.

Chi S., Li S., Chen S., Chen M., Zheng J., Hu J., (2017),
Temporal variations in macroinvertebrate communities
from the tributaries in the three Gorges Reservoir
Catchment, China, Revista Chilena de Historia Natural,
90, 1-11.

Cooper S.D., Lake P.S., Sabater S., Melack J.M., Sabo J.L.,
(2013), The effects of land use changes on streams and
rivers in Mediterranean climates, Hydrobiologia, 719,
383-425.

Czerniawska-Kusza 1., (2005), Comparing modified
biological monitoring working party score system and
several biological indices based on macroinvertebrates
for water-quality assessment, Limnologica, 35, 169-176.

Fagrouch A., Berrahou A., Halouani E., (2011), The effects
of an urban effluent from the city of Taourirt on
macroinvertebrate community structure in the Za Wadi,
(Eastern Morocco), Journal of Water Science, 24, 87-
101.

Gasith A., Resh V.H., (1999), Streams in Mediterranean
climate regions, abiotic influences and biotic responses
to predictable seasonal events, Annual Review of
Ecology, Evolution, and Systematics, 30, 51-80.

Gongalves F.B., de Menezes M.S., (2011), A comparative
analysis of biotic indices that use macroinvertebrates to
assess water quality in a coastal river of Parana state,
southern Brazil, Biota Neotropica, 11, 27-36.

Guilpart A., Roussel J.M., Aubin J., Caquet T., Marle M.,
LeBris H., (2012), The use of benthic invertebrate
community and water quality analyses to assess
ecological consequences of fish farm effluents in rivers,
Ecological Indicators, 23, 356-365.

Hamzaoui D., Arab A., (2012), Water Quarter Quality and
Macroinvertbrates Community Structure Alond a
Saharan Stream: The Saoura Wadi (Algeria), 16" Int.
Conference on Water Technology, Istanbul, Turkey.

Hepp L.U., Restello R.M., Milesi S.V., (2013), Distribution
of aquatic insects in urban headwater streams, Acta
Limnologica Brasiliensia, 25, 1-9.

Hershkovitz Y., Gasith A., (2013), Resistance, resilience,
and community dynamics in Mediterranean-climate
streams, Hydrobiologia, 719, 59-75.

Hilsenhoff W.L., (1988), Rapid field assessment of organic
pollution with a family-level biotic index, Journal of the
North American Benthological Society, 7, 65-68.

Karrouchi M., Touhami M.O., Oujidi M.,Chourak M.,
(2016), Mapping of high-risk flood areas in the Tangier-
Tetouan region: Case of the Martil catchment area,
Northern Morocco, (in French), International Journal of
Innovation and Applied Studies, 14, 1019-1035.

Karrouk M.S., (1990), Overview of the Rif climatic
mechanisms, Le Rif, space and the man (in French),
Revue de la Faculté des lettres Tétouan, 4, 11-36.

LiK., He C., Zhuang J., Zhang Z., Xiang H., Wang Z., Yang
H., Sheng L., (2015), Long-term changes in the water
quality and macroinvertebrate communities of a
subtropical river in South China, Water, 7, 63-80.

Marin A.A., Morariu F., Horablaga M., Morariu S.,
Kalyoncu H., Zeybek M., (2010), An application of
different biotic and diversity indices for assessing water
quality: A case study in the Rivers Cukurca and Isparta

149



Guellaf and Kettani/Environmental Engineering and Management Journal 20 (2021), 1, 141-150

(Turkey), African Journal of Agricultural Research, 6,
19-27.

MEMEE 2013), Integrated Environmental Assessment of
the Region of Tangier - Tetouan, Report of the State of
the Environment of the region of Tangier-Tetouan (in
French), Ministére de 1’Energie, des Mines, de I'Eau et
de I'Environnement, Tangier, Morocco.

Maloney K.O., Feminella J.W., (2006), Evaluation of
single- and multi-metric benthic macroinvertebrate
indicators of catchment disturbance over time at the Fort
Benning Military Installation, Georgia, USA,
Ecological Indicators, 6, 469-484.

Mophin-Kani K., Murugesan A.G., (2014), Assessment of
river water quality using macroinvertebrate organisms
as pollution indicators of Tamirabarani River Basin,
Tamil Nadu, India, International Journal of
Environmental Protection, 4, 1-14.

Munné A., Prat N., (2011), Effects of Mediterranean climate
annual variability on stream biological quality
assessment using macroinvertebrate communities,
Ecological Indicators, 11, 651-662.

Nguyen T.H.T., Boets P., Lock K., Forio M.A.E., Echelpoel
W.V., Butsel J.V., Utreras J.A.D., Everaert G., Granda
L.E.D, Hoang T.H.A.T., Goethals P.L.M., (2017),
Water quality related macroinvertebrate community
responses to environmental gradients in the Portoviejo
River (Ecuador), International Journal of Limnology,
53,203-219.

Norris R.H., Thoms M.C., (1999), What is river health?,
Freshwater Biology, 41, 197-209.

O’Callaghan P., Kelly-quinn M., (2013), Performance of
selected macroinvertebrate-based biotic indices for
rivers draining the Merendon Mountains region of
Honduras, Research Journal of the Costa Rican
Distance Education University, 5, 45-54.

Obolewski K., Strzelczak A., Glinska-Lewczuk K.,
Osadowski Z., Astel A., Timofte C.M., (2016),
Ecohydrological relationships  between  benthic
communities and environmental conditions in the spring
areas, Environmental Engineering and Management
Journal, 15, 281-1291.

Ojija F., Gebrehiwot M., Kilimba N., (2017), Assessing
ecosystem integrity and macroinvertebrates community
structure , towards conservation of small streams in
Tanzania, International Journal of Scientific &
Technology Research, 6, 148-155.

Oualad Mansour N., Targuisti K., Stitou J., (2009),
Assessment of water quality in the Rif river systems
(case of the Martil River) and study of the biodiversity
of macroinvertebrate communities (in French),
UTRILLAS-2009, 09, 95-114.

Pinto P., Rosado J., Morais M., Antunes 1., (2004),
Assessment methodology for southern siliceous basins
in Portugal, Hydrobiologia, 516, 191-214.

150

Poquet J.M., Alba-Tercedor., Prommi T., Payakka A.,
(2015), Aquatic insect biodiversity and water quality
parameters of streams in Northern Thailand, Sains
Malaysiana, 44, 707-717.

Poquet J.M., Alba-Tercedor J., Punti T., Sanchez-Montoya
M.D.M., Robles S., Alvarez M., Zamora-Munoz C.,
Sainz-Cantero C.E., Vidal-Abarca M.R., Suarez M.L.,
Toro M., Pujante A.M., Rieradevall M., Prat N., (2009),
The Mediterranean Prediction and Classification System
(MEDPACS), an implementation of the
RIVPACS/AUSRIVAS  predictive approach  for
assessing Mediterranean aquatic macroinvertebrate
communities, Hydrobiologia, 623, 153-171.

Rada B., Puljas S., (2010), Do Karst Rivers “deserve” their
own Dbiotic index? A ten years study on
macrozoobenthos in Croatia, International Journal of
Speleology, 39, 137-147.

Robson B.J., Chester E.T., Mitchell B.D., Matthews T.G.,
(2012), Disturbance and the role of refuges in
mediterranean climate streams, Hydrobiologia, 719, 77-
91.

Sanchez-Montoya M.M., Vidal-Abarca M.R., Suarez M.L.,
(2010), Comparing the sensitivity of diverse
macroinvertebrate metrics to a multiple stressor gradient
in Mediterranean streams and its influence on the
assessment of ecological status, Ecological Indicators,
10, 896-904.

Sansoni  G., (1992), Atlas for the Recognition of
Macroinvertebrates of Italian Watercourses, 2nd
Edition, (in Italian), Italian Center for Environmental
Biology Studies, Trento, Italy.

Sedefio-Diaz  J.E., Kohlmnan B., (2012), Benthic
macroinvertebrates as indicators of water quality in
streams of Costa Rica: Using an adaptation of the
BMWP score, Transylvanian Review of Systematical
and Ecological Research, 14, 177-188.

Solimini A.G., Gulia P., Monfrinotti M., Carchini G.,
(2000), Performance of different biotic indices and
sampling methods in assessing water quality in the
lowland stretch of the Tiber River, Hydrobiologia,
422/423, 197-208.

Tachet H., Richoux P., Bournaud M., Usseglio-Polantera P.,
(2002), Freshwater Invertebrates, Systematic, Biology,
Ecology, (in French), CNRS Editions, Paris, France, 1-
588.

Yorulmaz B., Sukatar A., Barlas A., (2015), Comparative
analysis of biotic indices for evaluation of water quality
of Esen river in South-West Anatolia, Turkey, Fresenius
Environmental Bulletin, 24, 188-194.

Younes-Baraill¢ Y., Garcia X.F., Gagneur J., (2005), Impact
of the longitudinal and seasonal changes of the water
quality on the benthic macroinvertebrate assemblages of
the Andorran streams, Comptes Rendus Biologies, 328,
963-976.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


