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ABSTRACT

The functioning and sustainability of lotic ecosystems depend to a large extent on their thermal and 
hydrological regimes. In the Mediterranean region, these factors are very sensitive to climate and 
anthropization which have undergone deep changes over the last four decades. Having noted the 
drying up of many permanent streams in Morocco, we conducted in 2015-2017 a new study with the 
aim of analyzing and assessing abiotic changes in the Upper Sebou (Middle Atlas, Morocco). A former 
study was carried out in 1981-1985. Indeed, over the last four decades, this river has been exposed to 
multiple disturbances, due to both recurrent droughts and human pressures. To describe and assess 
these changes, we used 16 abiotic variables that were measured in 11 ecosystems along the central 
course of the river. The comparison was mainly carried out using the multiple factorial correspondence 
analysis (MFCA), through a ternary matrix “variables × stations × time”, gathering old and new data in 
the same mesological structure. The analysis revealed the classical upstream-downstream ordering of 
the studied ecosystems, where most of the ecosystems recorded a downstream migration from their 
1981 position. In this evolutionary perspective, the study involves hydrological and thermal factors, 
which show mainly a reduction in flow and a slight increase in temperature and water mineralization, 
both in summer and winter. It is assumed that water withdrawals, especially for irrigation, together with 
climatic droughts in the region, are responsible for these long-term evolutionary trends.   

INTRODUCTION 

In the Mediterranean region, the inland aquatic ecosystems 
are highly vulnerable to climate changes, as their hydrology 
is intimately linked to climate (Giudicelli et al. 1985), which 
continues to change globally (Sala et al. 2000, Heino et al. 
2009, Whitehead et al .2009). This vulnerability is increased 
by the natural aridity of the climate and frequent drought 
crises (Haida et al. 1999, Garouani & Tribak 2006), which 
directly affect surface waters, mainly their hydrological 
and thermal regimes, which are fundamental factors for 
the functioning of these ecosystems (Illies & Botosaneanu 
1963, Dakki 1986a, 1987, Doledec & Chessel 1989, El 
Agbani et al. 1992). Indeed, the climate aridification leads 
to an increase in water temperature, consequently to a 
generalized decrease of the flow, or even the drying up of 
rivers. Several abiotic variables are then simultaneously 
modified (gas contents, evaporation rate, primary produc-
tion, etc.). These factors lead to generalized and increasing 
physiological stress within living populations close to 
their upper limit of thermo-tolerance (i.e. Botella-Cruz et 
al. 2016) and can alter both metabolism, growth, and life 

cycle of the organisms, and the communities organization 
(Durance & Ormerod 2010, Walther 2010).

These changes are amplified by human activities, in par-
ticular by water withdrawals, bearing in mind that the human 
need for water resources has greatly increased during the last 
drought crises. Moreover, these same activities continue to 
generate pollution, which has altered the living communities 
of most rivers (Webb & Nobilis 2007, Mabrouki et al. 2016, 
El Foul & El Ghachi 2018).

In Morocco, the rainfall follows a highly irregular 
pattern both in time and space; which irregularity is 
also expressed in the river flow, as demonstrated in the 
Upper Sebou basin for the periods 1957-58 and 2009-10 
(Qadem 2015), during which this author revealed similar 
trends in the annual flow and the rainfall of the wet and 
dry seasons. In the recent four decades, this trend was 
clearly negative and marked by frequent drought crises, 
in rainfall (Tramblay et al. 2012, El Ajhar et al. 2018), 
hydrological regime of rivers (Haida et al. 1999, Bouaic-
ha & Benabdelfadel 2010) and water reserves (Devos & 
Nejjari 1998, Devos et al. 2000). Indeed, since the 1980s, 
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these reserves have sharply declined, with even a drying 
up of several springs and lakes (Dakki & Himmi 2008, El 
Fellah Idrissi et al. 2017).

The climate change impacts on lotic ecosystems can 
be revealed using their mesological descriptors (i.e. phys-
ico-chemical) or biotic components (i.e. indicators, com-
munity richness, and diversity). The present study aims to 
reveal the direct and indirect effects of climate change on the 
Southern Mediterranean lotic ecosystems during the last four 
decades, through a comparison of the mesological state of 
the Upper Sebou River between two periods (1981-1985 and 
2015-2017). During the 35 years separating these two dates, 
several drought crises happened in the country, concomi-
tantly with the exponential growth of the human pressures 
on aquatic ecosystems. This study aims also to show how 
the factorial analysis method can illustrate pattern changes 
using the mesological components, as it was illustrated by 
the living components, more especially insect communities 
(Zerrouk et al. 2021). This last approach revealed a heavy 
loss of aquatic biodiversity, which can be easily linked to the 
indirect effects of climate change.

STUDY AREA AND SITES

The Upper Sebou occupies a large catchment area (about 
4700 km², with reference to the altitude of 200 m), located in 
the northern Middle Atlas between latitudes 33°N and 34°N 
and longitudes 4°W and 5°W (Fig. 1). It overlaps the tabular 

Middle Atlas, dominated by Jurassic carbonate outcrops 
(dolomites and limestones), and the folded Middle Atlas, 
made of long wrinkles separated by large plains (Martin 
1981, Fedan 1988).

This hydrographic network is composed of three main 
branches: Guigou, Mahçar, and Zloul rivers. The first one, 
114 km long, corresponds to the central course of the 
river; its name changes to Mdez at its confluence with Al 
Mahçar, then to Sebou after its confluence with the Zloul. 
The dominance of karst in its watershed (Akdim et al. 2011, 
Abboudi et al. 2014) explains why this river receives, along 
its course, several major springs (Aghbalou Aberchane, Tit-
Zill, Skhounate, Sebou, Timedrine, Ouamender, etc.). These 
resurgences ensure water sustainability in most of the river’s 
central course, especially during dry periods (Ben Tayeb & 
Leclerc 1977, Dakki 1986b).

The upper Sebou drains one of the watersheds where 
the human population records exponential growth, mainly 
along with the stream courses. This population lived mainly 
from agricultural and pastoral activities, but during the last 
four decades, it has developed into villages and even towns. 
This means a strong increase in human demand for water, 
with the intensification of agriculture and stream pollution 
at high and medium altitudes (Nejjari 2002, Qadem 2015).

To carry out this comparative study, we selected eleven 
stream and spring ecosystems (Fig. 1): nine on the Guigou 
and two on the Sebou. This choice is explained in the meth-

4 
 

only their general characteristics are presented here (Table 1) while recalling that they were 

briefly described by Dakki (1986b, 1987). 

 
Fig. 1:  Location of the prospected stations in the Upper Sebou catchment area. 

Table 1: Study stations in Upper Sebou: names, geographical coordinates, and habitat types. 

Stations Code Latitude (N) Longitude (W) Altitude (m) Habitat types 
Aghbalou Aberchane AA 33°08'43'' 5°03'19'' 1915 Cold spring 
O. Guigou at Foum Khnag S8 33°09'41'' 5°04'09'' 1910 higher course 
O. Guigou at Timahdite S9 33°19'24'' 5°03'44'' 1820 higher course 
Ain Tit Zill TZ 33°19'24'' 4°55'20'' 1550 Temperate spring 
O. Guigou at Ait Hamza bridge S11 33°20'38'' 4°53'47'' 1520 average course 
Source Skhounate SS 33°28'33'' 4°43'01'' 1425 average course 
O. Guigou upstream of O. El Atchane S13 33°27'30'' 4°40'31'' 1300 lower course 
Ain Tadoute AT 33°30'45'' 4°32'32'' 1340 warm spring 
O. Guigou at Skoura S15 33°32'17'' 4°33'49'' 880 lower course 
Sebou at Azzaba S17 33°49'54'' 4°38'42'' 470 lower course 
Sebou at Masdoura S18 33°59'39'' 4°47'22'' 216 lower course 

MATERIALS AND METHODS 

Experimental Design 

The principle adopted to characterize the global changes in the Upper Sebou, including the 

anthropogenic pressures, consists of comparing a set of ecosystems (assimilated here to 

stations), using abiotic descriptors likely to reveal the climate warming. These stations are not 

compared separately from each other, but through structures that organize them according to 

their similarities. In addition, the chosen sample of stations should reflect a wide range of 

ecological situations in Upper Sebou. This comparative study, therefore, requires the use of the 

same descriptors and the same methods of sampling and data processing as used by Dakki 

(1986b, 1987); this minimizes the impact of non-ecological factors in determining the observed 

Fig. 1:  Location of the prospected stations in the Upper Sebou catchment area.
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odology and only their general characteristics are presented 
here (Table 1) while recalling that they were briefly described 
by Dakki (1986b, 1987).

MATERIALS AND METHODS

Experimental Design

The principle adopted to characterize the global changes in 
the Upper Sebou, including the anthropogenic pressures, 
consists of comparing a set of ecosystems (assimilated here 
to stations), using abiotic descriptors likely to reveal the 
climate warming. These stations are not compared sepa-
rately from each other, but through structures that organize 
them according to their similarities. In addition, the chosen 
sample of stations should reflect a wide range of ecological 
situations in Upper Sebou. This comparative study, there-
fore, requires the use of the same descriptors and the same 
methods of sampling and data processing as used by Dakki 
(1986b, 1987); this minimizes the impact of non-ecological 
factors in determining the observed differences between 
stations. Nevertheless, some stations sampled in 1981-85 
were not fully accessible (S9, TZ) or deeply modified (AT 
and TZ sources) in 2015; therefore, the measurement points 
were slightly displaced from their 1981-locations, knowing 
that this change can lead to slight variations in station width 
and depth.

Study Ecosystems (Stations)

Eleven water points were selected for this comparison among 
the 37 stations studied in 1981-1985 (Table 1); selection was 
operated in a way to take into consideration a high variation 
in abiotic variables and habitats (mineral substrate, vegeta-
tion, current speed...). Indeed, these stations represent the 
major types of lotic ecosystems highlighted in Upper Sebou 

(Dakki 1987); eight of them are located along the central 
course of the Sebou, between the altitudes of 216 m and 
1910 m, including a spring (SS station) that emerges in the 
river bed. The other three stations are springs with various 
temperatures (9.7°C to 18.5°C). Until 1985, these ecosystems 
were relatively close to their natural state, but by 2015, they 
had undergone more or less deep changes, like the rest of 
the Upper Sebou (Dakki & Himmi 2008).

Analysis of the Physico-Chemical Parameters of the 
Water (Comparative Variables)

To assess the mesological changes and characterize water 
quality in the Upper Sebou ecosystems between the two study 
periods, we referred to the variables described in the first 
period (1981-85) by Dakki (1987), among which we selected 
sixteen variables known to have effects on the benthic fauna 
and which have a key ecological role.

During each field season, the variables (temperature, 
dissolved oxygen, and electrical conductivity at 20°C) were 
measured in-situ using a field multi-parameter (HANNA 
Instruments, model HI9298). The current speed is taken at 5 
cm from the bottom, far from the edges of the stream, using 
a current meter (Global Water FP111), while the average 
depth and width of the bed are measured using respectively 
a ruler and a graduated tape. The mineral substrate is char-
acterized by its dominant components, reduced into two 
types: coarse materials (pebbles and boulders) and fine/loose 
materials (gravel, silt, sand). The vegetal substrate was also 
reduced to two categories (phanerogams and bryophytes), 
which have been expressed by their coverage of the area in 
water, while the periphyton (sensu perilithon), three states 
are considered: (1) ‘absent or imperceptible’, (2) ‘scarce’ 
and (3) ‘abundant’ (covers more than 80% of the sediment  
surface).

Table 1: Study stations in Upper Sebou: names, geographical coordinates, and habitat types.

Stations Code Latitude (N) Longitude (W) Altitude (m) Habitat types

Aghbalou Aberchane AA 33°08’43’’ 5°03’19’’ 1915 Cold spring

O. Guigou at Foum Khnag S8 33°09’41’’ 5°04’09’’ 1910 higher course

O. Guigou at Timahdite S9 33°19’24’’ 5°03’44’’ 1820 higher course

Ain Tit Zill TZ 33°19’24’’ 4°55’20’’ 1550 Temperate spring

O. Guigou at Ait Hamza bridge S11 33°20’38’’ 4°53’47’’ 1520 average course

Source Skhounate SS 33°28’33’’ 4°43’01’’ 1425 average course

O. Guigou upstream of O. El Atchane S13 33°27’30’’ 4°40’31’’ 1300 lower course

Ain Tadoute AT 33°30’45’’ 4°32’32’’ 1340 warm spring

O. Guigou at Skoura S15 33°32’17’’ 4°33’49’’ 880 lower course

Sebou at Azzaba S17 33°49’54’’ 4°38’42’’ 470 lower course

Sebou at Masdoura S18 33°59’39’’ 4°47’22’’ 216 lower course
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It should be specified that for both study periods, only 
one measurement campaign was retained, namely from 3 
to 9 June 1985 and from 4 to 19 July 2016. These dates 
correspond to relatively stable hydrology, in the sense that 
no floods and drying up of stations happen, and the fauna 
diversity is close to its optimum (El Alami & Dakki 1998). 
We are aware that this ‘snapshot’ approach (according to 
Huttunen et al. 2018) may have some inaccuracies, but these 
are overshadowed by the wide range of changes in all factors.

Data Analyses

To describe and assess the changes in the studied ecosystems 
between the two study periods, we first compared the means 
of the measured variables between these two periods using 
a non-parametric Wilcoxon test for two matched samples. 
The treatment was implemented under the free version of 
Studio-R software; a difference was considered significant 
for a p-value < 0.05. Subsequently, we compared the “mes-
ological typologies” established for the ecosystems selected 
for the two studies. Both typologies were based on the same 
variables (Table 2), which were reduced to fourteen, as we 
removed two variables (wet cross-section and geometric 
mean of thermal maxima), to avoid high data redundancy 
between variables in the analysis.

The typologies were established using Multiple Corre-
spondence Factor Analysis (MFCA), a method that allows 
combining both quantitative and qualitative variables in the 
same analysis (Pialot et al. 1984, Fenehans & Young 1985) 
and is frequently used to classify Moroccan wetlands (El 
Alami 2002, El Hamoumi et al. 2007). These treatments were 
carried out through the software Statistica, which concerned 
three matrices ‘stations × variables’, where the values of the 
variables are transformed into classes (modalities), defined 
by grouping similar or very close values, but sometimes 
arbitrarily delimited (Table 3).

Initially, we established an independent typology for each 
period, via a matrix of ‘11 stations × 14 variables’, which 
were compared through a visual description of the distribution 
of stations in the factorial plans provided by the MFCA. In 
a second step, the data from both periods are merged into a 
ternary matrix of ‘11 stations × 2 periods × 12 variables’, 
which was reduced to a binary matrix of ‘12 variables × 22 
stations-periods’, where each variable has two values, as 
proposed by Dakki (1986a) and Doledec & Chessel (1989). 
In this ‘combined typology’, the time-invariant parameters 
(altitude and slope) have not been considered in this matrix 
and do not directly participate in the structuring of the station 
network. In both approaches, the results are illustrated 
on the F1-F2 plan of the MFCA and the significance of 
both axes is investigated by projecting the mesological 

variables (as modalities) onto the obtained structures  
(Table 3).

RESULTS

Long-Term Trends in the Environmental Context

The Wilcoxon test (non-parametric test) applied to the en-
vironmental variables in different surveyed stations shows 
a significant difference in the hydrological factors (average 
width, wet section, and flow) between the two study periods. 
An estimated 30% reduction in flow at all stations (p-value 
<0.05) (Table 4). On the other hand, an increase in flow was 
recorded at station S8, on the Guigou, downstream from the 
large AA spring (Table 2); but since the flow of this latter 
has decreased, this variation can only be explained by the 
improvement of the Guigou stream inflow upstream to this 
spring.

The values of mineralization (electrical conductivity) 
show a significant difference between the two study peri-
ods (Table 4). An increase in these values was recorded in 
almost all stations (Table 2) with an average of 23%. The 
most notable changes are recorded in the two springs AT and 
TZ, which are increasingly subject to polluting activities, 
and in S18 downstream of Oued Lihoudi, which carries the 
discharges of the city of Sefrou.

The comparison of the thermal component shows a signif-
icant difference in winter temperature, summer temperature, 
and the geometric mean of thermal maxima between the two 
study periods (Table 4). The increase in water temperature in 
both winter (21.7%) and summer (12%) is a normal conse-
quence of the decrease in flow and depth. This temperature 
rise attracts our attention, particularly at the headwaters. 
Indeed, in the fresh springs (AA and TZ), the temperature 
would have undergone a winter increase of about 1°C, 
whereas this increase was greater in summer (2.4°C at AA 
and 3.9°C at TZ), indicating that a relatively large thermal 
amplitude of mountainous aquifers. In the SS spring, which 
is warmer than the two previous ones (20.7°C to 22.8°C), the 
temperature rise is smaller (1.8°C in summer), but relatively 
high in winter (6.7°C). To understand this difference, we 
remind that the SS spring emerges in the Guigou riverbed, 
and in the past, this stream occasionally drains into winter 
cooler waters that lower the SS water temperature. Howev-
er, during the 2015-2017 campaigns, this stream was never 
flowing upstream of the spring. In the AT spring, the water 
shows a slight drop in temperature (1.0°C), which remains 
inexplicable.

The rise in spring’s water temperature leads us to as-
sume warming of the superficial water tables, a phenome-
non that can be linked to snow decrease (both in terms of 
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duration and quantity) in the high parts of the catchment  
area.

Dissolved oxygen concentration decreased significantly 
over the three decades, with an average reduction of 21.8%. 
This is a logical consequence of decreased flow velocities 
and warming of the water. However, a comparison of val-
ues for mean velocity, the proportion of coarse substrate, 
and plant cover (phanerogams and periphyton) showed no 
significant difference between the two study periods (Ta-
ble 4). While bryophytes characterizing springs appeared 
at some stations in the central Guigou river from 2015 to  
2017.

Changes in the Mesological Structures

Comparison of the mesological structures separately estab-
lished for the two periods: In this first step, the comparison 
is focused on the mesological structures of the central course 
separately established for the two periods (Table 2), using 
the MFCA (Figs. 2A and 2B). The transformation of variable 
values into modalities is carried out using a scale specific 
to each dataset (Table 3). For the two periods, the F1-F2 
factorial plan of the MFCA accumulates a relatively high 
rate of the total inertia of the analysis (60.3% for the first 
period and 56.6% for the second). As the third axis does not 
bring any further significant information in the two cases, 
we limited the analysis of the typological structure to the 
first F1-F2 plan.

In the two analyses (Figs. 3 and 4), the projection of 
the variables on the F1-F2 plan reveals a limited number of 
parameters explaining these structures.

In the 1981-1985 typology structure (Fig. 2A), the F1 
axis (37.44%) separates the (AA, TZ, and AT) springs 
from the river, because of their specificities (low summer 
temperatures, very low annual thermal amplitudes, and rich-
ness of the substrate in bryophytes). The F2 axis (22.87%) 
reveals the ‘upstream-downstream’ gradient, well explained 
by the altitude and the flow, in parallel with the average 
width, electrical conductivity, and winter temperature (Fig. 
3). This altitudinal gradient is marked by inversions, the 
most pronounced of which concerns stations S15 and S17. 
These inversions are related to the thermal characteristics, 
mainly the amplitude and the summer temperature, which 
are lower in S17 (due to its position downstream of great 
springs) than in S15, whereas the latter is at a higher altitude 
than S17 (Table 2).

The 2015-2017 typological scheme (Fig. 2B) reveals once 
again the spring specificities and the ‘upstream-downstream’ 
gradient, the latter being expressed this time along the first 
axis (37.21%). Indeed, this axis is mainly explained by al-
titude, stream size (average width and flow), slope, thermal 
characteristics (amplitude and summer temperature), and 
bryophytes. The F2 axis (19.41%), which distinguishes the 
low-mineralized stations from the others, is explained by 
electrical conductivity and winter temperature (Fig. 4).

The inversions recorded with the 1981-1985 data are 
still present in 2015-2017: into the mesological structure, 
both S13 and SS stations take place upstream of S11 (Fig. 
2B), which is naturally at a higher altitude. This inversion 
is explained by the flow, which is much lower at SS (264 
L.s-1) and S13 (261 L.s-1) than at S11 (575 L.s-1). The relative 

Table 4: Results of non-parametric Wilcoxon test applied to environmental variables measured in 1981-85 and 2015-17 (*** p-value<0.05; * p-value>0.05).

Variables p-value Signif.

Average width  0.003702 ***

Wet section  0.0009766 ***

Flow  0.004883 ***

Average speed  0.05557 *

Winter temperature 0.0326 ***

Summer temperature  0.01971 ***

Geometric mean of thermal maxima 0.02073 ***

Thermal amplitude  0.4131 *

Electrical conductivity 0.001953 ***

Dissolved oxygen  0.005056 ***

Coarse substrate  0.8571 *

Bryophytes  0.03494 ***

Phanerogams  0.05624 *

Periphyton 1 *
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similarity between SS, AT, and TZ springs, due to their low 
thermal amplitude (2.1°C), seems to amplify this inversion.

Analysis of the mesological structure combining the two 
periods’ data: The MFCA processing of ternary matrix ‘11 
stations × 12 variables × 2 periods’ gathering old and recent 
data (excluding altitude and slope, as time-invariant factors), 
provides for each station two positions in the F1-F2 plan. 
The moving pattern of each station between both periods 
was interpreted as temporal changes in its mesological state.

The first two axes express again 56% of the total infor-
mation on the structure (Fig. 2C) and the projection of the 
mesological variables on the F1-F2 plan (Fig. 5) shows a 

great similarity to the pattern obtained using the 1981-1985 
data (Fig. 2A). Indeed, the F1 axis (35.34%) separates the 
three springs (AA, TZ, and AT) from the riverine ecosys-
tems, through thermal amplitude, phanerogams, and dis-
solved oxygen, while it participates in the upstream-down-
stream gradient thanks to hydrological parameters (average 
width and flow). However, this gradient is better expressed 
by the F2 axis (20.68%), which is correlated with thermal 
variables (winter and summer temperatures), conductivity, 
and periphyton.

The most important result revealed by this analysis is 
that each station (Fig. 2C) operates more or less amplified 

10 
 

 

Fig. 2: Mesological structure of the central course of the Upper Sebou on the F1-F2 plan of an MFCA. 
A) data of the period 1981-1985. B) data for the period 2015-2017. C) combining data from the two 
periods 1981-1985 and 2015-2017. 

In the two analyses (Figs. 3 and 4), the projection of the variables on the F1-F2 plan reveals a 

limited number of parameters explaining these structures. 

In the 1981-1985 typology structure (Fig. 2A), the F1 axis (37.44%) separates the (AA, TZ, and 

AT) springs from the river, because of their specificities (low summer temperatures, very low 

annual thermal amplitudes, and richness of the substrate in bryophytes). The F2 axis (22.87%) 

reveals the 'upstream-downstream' gradient, well explained by the altitude and the flow, in 

parallel with the average width, electrical conductivity, and winter temperature (Fig. 3). This 

altitudinal gradient is marked by inversions, the most pronounced of which concerns stations 

S15 and S17. These inversions are related to the thermal characteristics, mainly the amplitude 

and the summer temperature, which are lower in S17 (due to its position downstream of great 

springs) than in S15, whereas the latter is at a higher altitude than S17 (Table 2). 

Fig. 2: Mesological structure of the central course of the Upper Sebou on the F1-F2 plan of an MFCA. A) data of the period 1981-1985. B) data for the 
period 2015-2017. C) combining data from the two periods 1981-1985 and 2015-2017.
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changes between the two study periods, as indicated by the 
arrows. Most of these changes consist of a migration of the 
stations in the direction of the ‘upstream-downstream’ gra-
dient, simultaneously expressed by both first axes, knowing 
that F1 and F2 express the hydrology and the temperature 
respectively. For two stations (SS spring and S13 stream), 
this migration is sub-parallel to F2 (thermal change) for the 
first and to F1 (hydrological change) for the second.

To assess the changes in amplitude in each station over 
the 35 years, we used the distance between its two points 
on the F1-F2 plan, which varies from one water body to 
the other. Two high altitude streams (S8 and S11) operate 
a large displacement; clearly correlated with the F2 axis, 
attesting that their waters have undergone a warming and 

mineralization increase. Moreover, these stations, located 
downstream of major springs, would have experienced a 
slight increase in their flow and a decrease in their thermal 
amplitude, as indicated by the slight development of their 
bryophytes’ cover. The S9 station, located between the two 
former water points, shows a low downstream migration, in 
concordance with the loss of its flow.

S13 Station, located downstream of the SS source, under-
went a downstream shift, corroborating a decrease in its flow 
and a slight increase in its thermal amplitude. All the further 
downstream habitats (S15, S17, and S18) have migrated in 
the direction of a flow loss (F1) and recent warming (F2); 
however, S17 is still fed by large springs located upstream, 
which makes its displacement amplitude low.

11 
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Fig. 3: Interpretation of the 1981-1985 mesological structure of the upper Sebou: Projection of the 
mesological variables on the F1-F2 plan. 
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AT, and TZ springs, due to their low thermal amplitude (2.1°C), seems to amplify this inversion. 

Fig. 3: Interpretation of the 1981-1985 mesological structure of the upper Sebou: Projection of the mesological variables on the F1-F2 plan.
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This general typology scheme shows for both periods a 
very pronounced inversion along the gradient F2, since S15 
went downstream even of S18 station, indicating the ther-
mal nature of this inversion, mainly linked to the excessive 
lowering of the flow.

All the springs show a significant change in their 
abiotic characteristics between both study periods, which 
evolution is visibly linked to both thermal factors (water 
warming) and hydrological factors (flow reduction). These 
changes appear on the F2 axis and, to a lesser degree, on 
the F1 axis, with a contribution to the mineralization of 
the TZ and AT sources. In the absence of groundwater 
temperature monitoring, we assume that the surface 

aquifers that give rise to these springs are operating as light  
warming.

DISCUSSION 

In 2015-2017, the general mesological ordination of the Up-
per Sebou ecosystems (Fig. 2B) is still slightly similar to the 
pattern established three decades earlier (Fig. 2A), which is 
dominated by the upstream-downstream gradient, simultane-
ously determined by hydrological and thermal factors, with 
some thermal inversions. However, some significant differ-
ences have been highlighted between the two classifications 
and linked to changes in these same factors. It’s not surprising 

12 
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Fig. 4: Interpretation of the 2015-2017 mesological structure of the upper Sebou: Projection of the 
mesological variables on the F1-F2 plan. 

Analysis of the mesological structure combining the two periods' data: The MFCA 

processing of ternary matrix ‘11 stations × 12 variables × 2 periods’ gathering old and recent 

data (excluding altitude and slope, as time-invariant factors), provides for each station two 

positions in the F1-F2 plan. The moving pattern of each station between both periods was 

interpreted as temporal changes in its mesological state. 

The first two axes express again 56% of the total information on the structure (Fig. 2C) and the 

projection of the mesological variables on the F1-F2 plan (Fig. 5) shows a great similarity to 

the pattern obtained using the 1981-1985 data (Fig. 2A). Indeed, the F1 axis (35.34%) separates 

the three springs (AA, TZ, and AT) from the riverine ecosystems, through thermal amplitude, 

phanerogams, and dissolved oxygen, while it participates in the upstream-downstream gradient 

thanks to hydrological parameters (average width and flow). However, this gradient is better 

Fig. 4: Interpretation of the 2015-2017 mesological structure of the upper Sebou: Projection of the mesological variables on the F1-F2 plan.
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Fig. 5: Interpretation of the Mesological structure of the central course of the Upper Sebou in the F1-F2 
plan of an MFCA combining data of the two periods 1981-1985 and 2015-2017: Projection of the 
mesological variables on the F1-F2 plan. 

DISCUSSION  

In 2015-2017, the general mesological ordination of the Upper Sebou ecosystems (Fig. 2B) is 

still slightly similar to the pattern established three decades earlier (Fig. 2A), which is 

dominated by the upstream-downstream gradient, simultaneously determined by hydrological 

and thermal factors, with some thermal inversions. However, some significant differences have 

been highlighted between the two classifications and linked to changes in these same factors. 

It's not surprising that this pattern is also obtained by merging the data from these two periods 

(Fig. 2C); however, this approach has the advantage to attribute two positions to each 

Fig. 5: Interpretation of the Mesological structure of the central course of the Upper Sebou in the F1-F2 plan of an MFCA combining data of the two 
periods 1981-1985 and 2015-2017: Projection of the mesological variables on the F1-F2 plan.

that this pattern is also obtained by merging the data from 
these two periods (Fig. 2C); however, this approach has 
the advantage to attribute two positions to each ecosystem, 
defining a migration pattern that can be characterized by its 
amplitude and direction in the ordination scheme. In general, 
this migration reveals an increase in water temperature (both 
in winter and summer) and mineralization, in parallel with a 
flow decrease; the few exceptions to this pattern were related 
to particular situations that were easily explained.

These mesological modifications were largely linked to 
climate change, reflected in the Mediterranean region by 
recurrent drought crises, some of which lasted more than 
three successive winters, particularly during the 1980s and 
1990s (Chaouche et al. 2010, Hallouz et al. 2013, Khomsi 
et al. 2016, Ouhamdouch et al. 2018). These droughts lead 
to a general flow decrease, which was recorded in various 
Mediterranean rivers other than the Sebou: the Moulouya in 
Morocco (Driouech et al. 2010), the Chéllif in Algeria (Meddi 
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et al. 2010), the Loire in France (Floury 2012, Floury et al. 
2013), etc. The latter study evaluated at 1.2°C the warming 
of the waters of the Loire between 1977 and 2008, corre-
sponding to a reduction of -25% of its flow. Our results join 
those of Devos et al. (2000), which show in the Upper Sebou 
catchment area a spatial disparity in the water resources.

In the Upper Sebou, as in most southern Mediterranean 
rivers, the flow lowering is not only a direct consequence of 
droughts but is amplified by water withdrawals, which have 
even dried up several stretches of the central watercourse of 
the Sebou (Devos et al. 2000, Dakki & Himmi 2008). Several 
sectors of the river (i.e. S13 and S15) and even some springs 
underwent a drying up lasting several weeks; all other areas 
also experienced severe flow declines, mainly over the 1980s 
and 1990s (El Ajhar et al. 2018). Thus, the irrigation activity, 
performed via a large number of seguias and pumping points, 
occurs mainly in summer and even in spring, when the flow 
is naturally low. The ‘perennial’ SS spring, which arises 
from a relatively deep water table (given its temperature of 
around 20°C), had stopped flowing downstream towards the 
S13 station and almost dried up in 2008.

The water mineralization, measured in the summer, 
increased in almost all the study points, favored by the drop 
inflow and the summer warming of the water. However, 
in several stations, particularly the TZ and AT springs, the 
Guigou stream (S8 and S11), and the Sebou river (S18), high 
algae abundance (eutrophication) is observed and linked to 
domestic and agricultural discharges, cattle droppings, etc., 
bearing in mind that most domestic waters are not treated.

CONCLUSION

The flow drop and the water warming, as the main changes 
that happened in Moroccan river ecosystems during the 
last four decades are often directly linked to massive water 
withdrawals, being themselves considered as consequences 
of the development of urban and agricultural activities. This 
latter has indeed gained large areas in the Upper Sebou wa-
tershed and withdrawals were already intensive during our 
1981-1985 study, but few river sketches showed at that time 
a summer drying-up, while during more recent droughts this 
phenomenon affected a large number of streams and even 
springs of this watershed. Indeed, during a summer visit to the 
Guigou river, carried out in 2008 (Dakki & Himmi 2008), a 
catastrophic hydrological crisis has been highlighted, leading 
with no doubt to link the drying-up directly to the droughts, 
with an evident amplification by withdrawals. Nevertheless, 
flow drops were revealed also in some high altitude springs 
and small streams, indicating deficiencies in water tables 
that are not pumped; this confirms again the direct link be-
tween flow drops and droughts. On another hand, the water 

warming in river ecosystems, closely linked to insolation, is 
a direct consequence of the decrease of the water flow; but 
its evidence in some springs lets us conclude with an effect 
of droughts on water table temperature.

It is important to note that, in parallel with the present 
mesological study, we carried out a study of the benthic fau-
na (Zerrouk et al. 2021) that revealed a catastrophic loss of 
biodiversity that was explained by the mesological changes 
described above, but which crucially needs conservation 
solutions. For such purpose, this paper provides baseline 
ideas of the impact mechanisms of the droughts, which 
could constitute guidance for conceiving the said solutions.

In terms of methodology, both mesological and fauna 
studies demonstrate that among a large panel of possible 
methods to highlight the changes in running waters, the 
classification, and ordination techniques have shown their 
relevance, as they made it possible to reveal trends patterns 
in the ecosystem changes. We should admit that regular 
monitoring of these changes could certainly better detail 
these trends (Huttunen et al. 2018, Cañedo-Argüelles et al. 
2020), but in lack of such costly monitoring, the changes 
revealed by our study provided significant conclusions that 
can be used as an alert for the urgent need of conservation 
of the Southern Mediterranean running waters.
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