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Abstract. Many arid rivers worldwide are under increasing human pressures amplified by hydrological
drought and climate change. The Oued Draa River, Southern Morocco, suffers greatly from global
warming and human activities’ impacts leading to extreme changes in water salinity. This study aims to
investigate spatial changes of benthic diatom community composition in the Draa river and their relation
to environmental factors especially water salinity. The results showed that salinity generally increases
from upstream to downstream. A total of 86 diatom taxa belonging to 44 genera were recorded. The
Upper Draa sites were poorly productive in biomass and had diatom communities significantly different
from those of the Middle Draa. The Canonical Correspondence Analysis (CCA) showed that salinity, ion
contents, pH and nutrients were the most important structuring factors of diatom assemblages. Oued El
Malleh, the most natural salty site of Upper Dréa, was dominated by halotolerant diatoms, whereas the
Iriri freshwater stream was characterized by halophobic and oligohaline species. However, the diatom
composition of Middle Dréa sites was dominated by halophilic species that tolerate moderate salinity
from anthropogenic sources. This survey provides a first inventory of the benthic diatom assemblages of
Dréa river and highlights their spatial variability and sensitivity to environmental impacts.
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Introduction

Desert rivers are highly dynamic systems characterized by changing flow regime,
hydromorphological and physicochemical features (Kingsford and Thompson, 2006;
Harms et al., 2018). These rivers with intermittent flow are strongly shaped by
contrasting hydrological events (drought and floods) and are abundant in arid,
Mediterranean and North African regions where they are commonly called “wadis”
(Wheater and Al Weshah, 2002; Sen, 2008). They are part of the so-called intermittent
rivers and ephemeral streams (IRES) that share the common characteristics of water
scarcity, cessation of surface flow at some point of time and space as well as high
spatial and temporal variability of habitats during the hydrological cycle (Stanley et al.,
1997; Datry et al., 2017). In arid and semi-arid regions such North Africa, human
pressures on riverscapes are particularly strong and several activities may affect the
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river flow regimes often modified by dam construction, surface and groundwater
abstraction and land uses (Malmqvist and Rundle, 2002; Vérosmarty et al., 2010).

The Draa river, southern Morocco, is one of the most arid river basins in the world
spanning from the High Atlas Mountains to the Sahara Desert in the south, with
increasing aridity along a north southeast direction (Carrillo-Rivera et al., 2013). Owing
to the increasing frequency of dry years and prolonged dry periods, the sustainability of
the water supply (drinking water and irrigation) and the oases of the Middle Draa valley
is strongly threatened. Both climate change and the overuse of water resources in the
catchment area are leading to falling groundwater levels and increasing salinization of
soils and waterways (Speth et al., 2010; Johannsen et al., 2016). In addition, rivers in
the Dréa basin are mostly ephemeral, depending on rainfall or snowmelt, and are often
naturally saline due to high evaporation and geology (primary salinization) (Bailey et
al., 2006). However, this salinization is amplified, especially in the downstream,
through anthropogenic changes in the hydrologic cycle (e.g. dams) and in catchment
land-use (e.g. agriculture, intensive irrigation) (secondary salinization) (Potapova and
Charles, 2003; Cariedo-Arglelles et al., 2013; Nhiwatiwa et al., 2017). Increased
salinization in this intermittent river also endangers ecosystem services such as drinking
water quality and agricultural yields (Stevenson and Smol, 2015; Berger et al., 2019).

Salinization of rivers is known to affect the species composition of riverine biota
through a reduction in biodiversity (Williams, 1987; Piscart et al., 2005; Carfiedo-
Arguelles et al., 2013; Schrdder et al., 2015). For instance, when salinity levels increase,
some species react sensitively potentially leading to population decline or disappearance
(Williams and Williams, 1998; Piscart et al., 2006). Chemical changes such as
variations in salinity affect the physiological response of species in aquatic ecosystems,
namely diatoms (Bere and Tundisi, 2011a). In rivers and streams, benthic diatoms are
the most widespread, diverse and species-rich group of benthic algae (Lowe and
LaLiberte, 2017). Therefore, they form a large portion of total algal biomass and a
major source of energy for aquatic food webs as primary producers (Stevenson et al.,
1996; Pan et al., 1999). Photosynthesis by periphytic algae, in general, and diatoms in
particular, provides oxygen to aerobic organisms (Lowe and LaLiberte, 2017), so that
any change in their composition and structure can affect the growth, development,
survival and reproduction of many organisms in aquatic ecosystems (Campeau et al.,
1994).

Moreover, diatoms are considered as an excellent bioindicator for water quality
monitoring (Lange-Bertalot, 1979; Potapova and Charles, 2005; Centis et al., 2010;
Stevenson and Smol, 2015). Because they are very sensitive to physical, chemical,
pollution and salinity disturbances, their composition and abundance respond to several
environmental factors such as nutrients, pH and conductivity (Potapova and Charles,
2002). Benthic diatom-based assessments to quantify river pollution and impairment
have been used worldwide, especially in EU countries and the USA (Charles et al.,
2021).

Despite the importance of the Dréa basin as one of the most important oasis areas
in South of Morocco, benthic algal and diatoms communities in particular, remain
poorly understood compared to other aquatic groups such as fish (Qninba et al., 2011;
Clavero et al., 2015, 2017), turtles (Loulida et al., 2019), aquatic and semi-aquatic
plants (Mostakim et al., 2020), mammals (Riesco et al., 2020) and invertebrates
(Berger et al., 2021). Therefore, this study aims to investigate the diversity of benthic
diatoms communities in this desert intermittent river and to assess the salinity effects
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on their composition and spatial distribution. This information allows us to better
understand the autecology of diatoms in IRES in relation to salinity (conductivity and
major ions). Our hypotheses were that, changes in salinity would be reflected in
diatom community composition which could be used as bioindicator of salinization
and human impacts.

Material and methods
Study area and sampling sites

The study was carried out in the Draa river basin (~115,000 km?2) located in
southern Morocco (Fig. 1). This river is formed by the confluence of several
perennial, intermittent and ephemeral rivers and streams from High Atlas such Dades,
Imini, Iriri, EI Malleh and from Anti Atlas such Ait Douchen (Warner et al., 2013).
The Draa river basin is subdivided into three sub-basins the Upper Draa, the Middle
Dréa and the Lower Draa. The Upper Draa subcatchment is part of the Ouarzazate
province, extends from the High Atlas summits to outlet at the Mansour-Eddahbi
(ME) reservoir, while the Middle Dréa, belonging to the Zagora province, is drained
from ME dam up to the M’hamid oasis (Schulz et al., 2008). The altitude of the basin
ranges from 450 to 4071 m above sea level (Diekkriger et al., 2012). The area is
characterized by an increasing north-southeast aridity gradient with average annual
precipitation ranging from 600 to 700 mm on the southern slopes of the High Atlas
Mountains in the north to 200 mm in the valley, and 60 mm in the southern section,
whereas evaporation is very important, varying between 2000 and 3000 mm/year
(Karmaoui et al., 2015). Regarding hydrological regime of the Draa river, the Upper
Dréa valley has an undisturbed natural hydrological regime of the semi-arid
subtropics, except for Iriri stream, which has been recently (2013) regulated by the
Sultan Moulay Ali Cherif dam, while the hydrology of the Middle Draa subcatchment
is controlled by water releases from the ME dam. The Upper and Middle Draa sub-
basins are more densely populated especially alongside the rivers, owing to the water
availability for drinking and irrigation (Diekkriger et al., 2012). The Middle Draa
valley is mainly rural and its economic activities remains highly dependent on
irrigated agriculture, oasis and tourism (Karmaoui et al., 2014).

Sampling of benthic diatoms was carried out in March 2018 at seven sites (Fig. 1 and
Appendix 1). Three sites (S1, S2 and S3) in the Upper Dréa streams (Iriri, EI Malleh and
Ait Douchen respectively) and four sites (S4, S5, S 6 and S7) in the Middle Draa valley
(oued Dréa at Kasbah Tamnogalt, Taghzout, Zagoura and Tamgroute localities). Table
1 provides description of the sampling sites, their substrate type and vegetation.

Hydrological and physicochemical parameters

At each sampling site, water temperature (°C), dissolved oxygen (mg/L), pH,
electrical and conductivity (uS/cm) and salinity (g/L) were measured in situ at the time
of sampling using a Hanna HI198194 multi-parameter device (Hanna Instruments, USA).
Flow velocity (m/s) and flow rate (m3/s) were determined using current meter (OTT
hydromet GmbH, Germany) by taking three measurements across the width of the river
for each site.

Water samples from each site were collected in PVC bottles (1 L) already well
rinsed, and stored in cooler for transport to the laboratory. According to Rodier et al.
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(2009) analytical methods, the water samples were measured for ammonium (NH4"),
orthophosphate (PO4*), total alkalinity (HCOs"), total hardness (CaCOs), sulfate (SO4%)

and chloride (CI).

[ Study area
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— Hydrological network
B Dam

wmatieh

2 El M. Eddahbi dam

T (s)i?:is 0 25 50 km
— ]
Figure 1. Location of the study area and sampling sites in Draa basin
Table 1. Description of sampling sites
Sub- Sampling . Altitude o Substratum .
basins Streams site Coordinates m) Localization type Vegetation
mnoans " Three Km downstream | Stones, pebbles .
Lllerng Iriri 1 V'\\/l 387831705673 1234 | of the Sultan Moulay and muddy Agﬁzmcenmtgcrsoglhf:s’
’ ’ Ali Cherif dam sediments us alg
Upper El 2 N: 31°00°39.6” 1028 downstream of Ait Pebbles, silts, | Phragmites australis and
Draa | Malleh W: 007°06°0.2” Benhaddou Kasbah | clays and muds Tamarix gallica
Abundance of vegetation
. composed mainly of Nerium
Upper Ait 3 N: 30°52°13.7” 874 ?:ggr'?c:t.g?#ﬁhfen Stones, clays oleander, herbaceous,
Dréaa |Douchen W: 006°50°54.0” armig and silts Potamogeton nodosus and
locality) . :
filamentous algae floating
on the surface
. N: 30°40°26.4> Downstream of Agdz Sands, cla_lys Highly developed, Tamarix
Middle A . bah | strewn with i - leand
Draa Dréaa 4 R W . 908 (Kas Ia Hgmnogat stones and gallica, Nerium oleander
006°24°21,599 ocality) pebbles and Juncus acutus
. Canonps " Just before Ternata Phoenix dactylifera (oasis),
M'dfjle Draa 5 N', 30 206 5,5'3,, 781 oasis (Taghzout Stones and Arundo donax and Acacia
Dréaa W: 005°59°3.1 - pebbles o
locality) tortilis
. Stones, pebbles| | ,. -
Middle A N: 30°32°23.6” . ' Highly degraded vegetation
Draa Draa 6 W: 005°83°23.0” il Atthe Zagora city and mugdy due to human disturbance
deposits
. 20 km downstream of . .
Middle A N: 30°14°12,5” - Stonesand | Highly developed, Tamarix
Dréa Draa ! W: 5°40°21” 678 the Zagora city pebbles gallica
(Tamgroute locality)
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Benthic diatoms sampling

Epilithic biofilm was sampled at each site by brushing stones with a toothbrush. Prior
to sampling of epilithic surfaces, all substrata were gently shaken in stream water to
remove any loosely attached sediments and non-epilithic diatoms. The pebble to cobble
sized rocks/stones were randomly collected at different points of each sampling site
across a 100 m long section to sample all microhabitats in riffles and pools. After
brushed, the resulting periphytic suspensions were combined into single sample per site.
For quantitative sampling, the biofilm sample was obtained by brushing a defined
surface (at least 10 x 10 cm) of the substratum. All samples were divided into defined
amounts, placed in labelled plastic bottles and preserved in Lugol solution, except for
subsamples subjected to chlorophyll a analysis, and all transported to the laboratory for
qualitative and quantitative analysis.

Treatment and taxonomic identification of diatoms

After homogenization of biofilm samples, an aliquot from each site was digested
using concentrated hydrogen peroxide (30%) and hydrochloric acid (35%) to remove
organic matter and calcium carbonates. After repeated rinsing and centrifugation with
distilled water, the cleaned diatom suspensions were then mounted on glass slide using
Naphrax® (IR = 1.7) high refractive mounting medium for taxonomic identification and
counting. Diatoms slides were observed under 400-1000x magnification using a Motic
BA210 light microscope (Motic®, China) and species were identified based on
(Krammer and Lange-Bertalot, 1986; Krammer and Lange-Bertalot, 1988; Krammer,
1991a, 1991b). Diatom synonymy was updated by Algaebase (Guirry and Guirry,
2020). A minimum of 400 diatom valves were counted from each slide to calculate the
relative abundance (in %) of diatom species. Only those taxa with an abundance more
than 1% of the total sample were included for further statistical analysis.

Diatom total abundance

To determine the diatom total abundance (cells.cm™), a known surface of each
homogenous biofilm sample was placed in a glass slide (24 x 60 mm). The total of
diatom valves was counted from each slide at 1000x magnification using a Motic
BA210 light microscope (Motic®, China). Diatom abundance was expressed in number
of cells.cm™.

Diatom diversity and similarity indices

Diatom species richness (S), Shannon diversity index (H’) (Shannon and Weaver,
1963), Pielou’s species evenness (E) (Pielou, 1966) and Simpson’s diversity index
(SDI) (also known as Species Diversity Index) (Simpson, 1949) were calculated. H’ is
more subtle to rare species than SDI, gave more weight to common species, while E
gave an indication of the equitability of species in the population (homogeneity).
Similarity in taxonomic composition of diatom community between the sites was
analyzed using Sorensen index (Sorensen, 1948). The formulas are as follows (Egs. 1,
2, 3and 4):

Shannon—Weaver diversity (H’) index:

H'= —XPlog,P,; P,="i/y (Eq.1)
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where nij = number of individuals of species i; N = total number of individuals in the site.
Pielou’s evenness index (E):

I
E= " XIQE,,S (qu)

where H’: Shannon index; S: number of species present.
Simpson Diversity Index (SDI):

SDI=1-Xp* (Eq.3)

where p = the proportion (n/N) of individuals of one particular species found (n) divided
by the total number of individuals found (N).
Sorensen (Qs) index:

=/ 4 (Eq.4)

where a =total number of species at site A; b =total number of species at site B;
j = total number of common species between the two sites A and B.

Biofilm biomass
Dry weight measurement

A known surface of each homogenous biofilm sample was centrifugated at 6000 rpm
for 15 min, then the pellet was dried in an oven at 105 °C to constant weight (dry
weight, W1) using a previously weighed porcelain capsules (WO0). The biofilm dry
weight (DW) was then calculated on the basis of the difference between W1 and WO
and values expressed as mg dw.cm™2. The porcelain capsules were then transferred to a
muffle furnace type N3/R (Nabertherm®, Germany) at 550 °C and ashed for 5 h. Ash-
free dry weight (AFDW) (i.e. organic matter dry mass) was calculated by the difference
between the weight of the residue calcined at 550 °C (W2) and (W1).

Chlorophyll a analysis

Biofilm biomass was determined by measuring Chlorophyll a (Chl-a) content
according to the protocol of (Millerioux, 1975). Chlorophyll a content was measured
spectrophotometrically by recording absorbance at 630, 664 and 750 nm and using the
equation of Jeffrey and Humphrey (1975), as follows (Eq. 5):

chl—a (M9/ 1) = 11.47(Ags0 X Azgy) — 0.4(Agey X Argy) (Eq.5)

Chlorophyll a is expressed in pg/ml and converted to pg/cm?.

Statistical analysis

The analysis of water physicochemical and algal biomass parameters was done in
triplicate and the results are given in mean + standard error (SE). Pearson’s correlation
was used to determine the relationships between environmental variables and diatom
diversity indices (species richness S, H’, E and SDI). One-way analysis of variance
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ANOVA and Tukey’s honest significance test were used to find significant differences
between sampling sites. Canonical correspondence analysis (CCA) was performed to
assess the correlations between diatom assemblages and environmental variables and
identify the main explanatory factors for their diversity and distribution (Smilauer and
Leps, 2014). The Pearson correlation and cluster dendrogram were carried out using
PAST version 4.02. The ANOVA was performed using SPSS Statistics, Version 23.0.
The CCA analysis was carried out using Canoco software version 5.

Results
Hydrological and physicochemical parameters

The hydrological and physicochemical parameters measured in situ or in laboratory
(mean = SD) are reported in Table 2.

Table 2. Physicochemical and hydrological parameters of sampled sites

Parameter Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7
Water T (°C) 22.8 21.7 15.9 18.4 26.6 22.3 20.3
pH 8.7 7.77 8.22 7.89 7.9 7.96 7.91
EC (uS.cm™) 385.5 7090 1154 2050 5670 4533 3110
Salinity (g.LY) 0.194 4.187 0.704 1.211 2.961 2.561 1.798
Dissolved oxygen (mg.L™) 8.64 8.4 9.26 9.1 12.56 9.22 6.99
NH4*(ug.Lh) 24.36%0.003 0£0.00 5.96+0.001 | 22.87+0.001 0+0.00 11.43+0.003 | 13.42+0.00
PO (ug.Lh 44.88+3.73 | 52.53+1.30 |181.30+37.98| 47.38+3.92 | 72.53+20.06 | 28.25+0.37 | 90.88+4.38
HCO;s (mg.L?) 194+2.82 132+5.65 190+2.82 184+ 5.60 78+2.82 172+5.65 164+5.65
CaCOs(mg. L) 178.67+6.11 | 1832+0.00 |429.33+4.61 | 793.33+2.30 | 693.33+2.30 | 1492+0.00 | 546.66+2.30
SO.#(mg.L™Y) 8.97+0.067 | 77.39+0.87 | 10.45+0.68 | 31.82+0.22 | 19.73+0.13 | 46.41+2.60 | 30.58+0.93
Cl (gLh 0.02+0.008 | 1.88+0.00 | 0.16+0.008 | 0.29+0.008 | 1.29+0.00 | 0.96+0.008 | 0.47+0.01
Flow velocity (m.s™) 0.7544+0.12 | 0.603%0.15 | 0.0134+0.5 | 0.390+0.25 | 0.327+0.25 | 0.288+0.3 | 0.146+0.2
Flow rate (m3.s?) 1.30+0.25 0.9+0.2 | 0.0104+0.06 | 0.708+0.25 | 0.315+0.85 | 0.32+1.58 | 0.269+0.105

The hydrological variables showed spatial variation and significant differences
between the Upper Draa and Middle Draa sites. The flow velocity values varied between
0.7544 m.s? in site 1 and 0.146 m.s! in site 7 with a significantly decreasing upstream-
downstream gradient. In the downstream part of the Ait Douchene (site 3), the stream was
mainly dominated by large pools and the water flow is extremely low (0.0134 m.s™). The
Upper Draa sites showed highest flow rates compared to the Middle Dréaa sites which are
regulated by the large ME reservoir and by small weirs throughout the southern oases.
These hydraulic systems cause significant changes in runoff and a great hydro-
morphological heterogeneity of the surface flow and habitats which was mostly reduced
to isolated or weakly connected pools with varying degrees of intermittency.

The water physicochemical parameters showed spatial variability and significant
differences between the Upper Draa and Middle Dréa sites. The electrical conductivity
values showed spatial variability ranging from 385.5 puS.cm™to 7090 uS.cm™. Except for
site 2 of Oued EI Malleh with a significantly high salinity (4.187 g/L), water
conductivity and salinity increase gradually from the Upper to the Middle Draa basin.
The major anions (CI, SO4>, CO3") showed the same spatial variation with the highest
contents in oued El Malleh and the Middle Draa downstream sites. The water pH ranged
from 7.77 to 8.7 with highest values at sites 1 and 3. Ammonium concentrations were
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very low at all sampling sites, however sites 1 (24.36 pg.LY), site 4 (22.87 pg.Lt) and
site 7 (13.42 pg.LY) had the highest values compared to the other sites. For phosphorus,
site 3 had the highest content (181.30 pg.L™) compared to the other sites, followed by
site 7 (97.88 ug.L-1), both of these sites recorded values greater than 76 ug.L™* which
indicates a highly productive or eutrophic system according to The Trophic Status
Classification of U.S. Streams (Stackpoole et al., 2019).

Benthic diatoms diversity analysis
Diatom composition

A total of 86 diatom species belonging to 44 genera were identified in all prospected
sites as illustrated in Table 3. There were a few taxa that could not be identified to the
species level because of their very small size, which requires further in-depth
morphological investigations. These unidentified species belong mainly to the genera
Navicula and Nitzschia. The Draa phytobenthic community was mostly represented by
pennate diatoms while centric diatoms were represented by only two taxa enby (Fig. 2).
The highest number of taxa belonged to Nitzschia (15 species) followed by Navicula (9
species), Caloneis (4 species), Amphora and Sellaphora with 3 species for each one.

Figure 2. LM photomicrographs of some characteristic diatoms. A: Haslea stundlii; B:
Navicymbula pusilla; C: Ulnaria acus; D: Nitzschia palea; E: Nitzschia elegantula; F:
Achnanthidium minutissimum; G: Encyonopsis microcephala; H: Diatoma moniliformis; I:
Nitzschia frustulum; J: Mastogloia smithii; K: Gomphonella olivacea; L: Homoeocladia
amphibia. Scale bar:10 pm
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Table 3. List of the identified diatoms in the sampling sites. (+) presence

Taxon/site Code 1 2 3 4 5 6 7
Pennate diatoms
G/Achnanthidium
Achnanthidium minutissimum (kitzing) Czarnecki ADMI + + + + + + +
G/Amphora
Amphora coffeaeformis var. acutiuscula (Kutzing) Rabenhorst | ACOFA +
Amphora inariensis Krammer AINA
Amphora pediculus (Kitzing) Grunow APED + +
G/Anomoeoneis
Anomoeoneis vitrea (Grunow) R.Ross AVIT + + +
G/Bacillaria
Bacillaria paxillifera (O.F.Mduller) T.Marsson BPAX +
G/Caloneis
Caloneis amphisbaena (Bory) Cleve CAMH + + + +
Caloneis macedonica Hustedt CMAC
Caloneis silicula (Ehrenb.) Cleve CSIL + + + +
Caloneis thermalis (Grunow) Krammer CTHE
G/Cocconeis
Cocconeis pediculus Ehrenberg CPED
Cocconeis placentula Ehrenberg CPLA + + + +
G/Craticula
Craticula riparia (Hustedt) Lange-Bertalot CRIP
Craticula subminuscula (Manguin) C.E.Wetzel & Ector CsuB +
G/Ctenophora
Ctenophora pulchella (Ralfs ex Kitzing) D.M.Williams & Round | CPUL + +
G/Cymatopleura
Cymatopleura solea (Brébisson) W.Smith CSOL +
G/Cymbella
Cymbella affinis (Krammer) CAFF + + + + + +
Cymbella proxima Reimer CPRO +
G/Cymbopleura
Cymbopleura amphicephala (Néageli ex Kiitzing) Krammer CAMP + + +
G/Diatoma
Diatoma moniliformis (Kiitzing) D.M.Williams DMON + + + + + +
G/Diploneis
Diploneis elliptica (Kiitzing) Cleve DELL
Diploneis ovalis (Hilse) Cleve DOVA + + + + +
G/Encyonopsis
Encyonopsis microcephala (Grunow) Krammer EMIC + + + + + + +
G/Entomoneis
Entomoneis paludosa (W.Smith) Reimer EPAL + + +
G/Epithemia
Epithemia sorex Kitzing ESOR +
G/Fallacia
Fallacia pygmaea (Kitzing) Stickle & D.G.Mann FPYG + + + +
G/Fragilaria
Fragilaria capucina var. vaucheriae (Kitzing) Lange-Bertalot FCAPV + + + + +
Fragilaria crotonensis Kitton FCRO
G/Geissleria
Geissleria acceptata (Hust.) Lange-Bert. and Metzeltin GACC +
G/Gomphonella
Gomphonella olivacea (Hornemann) Rabenhorst GOLI + + + +
Gomphonella calcarea (Cleve) R.Jahn & N.Abarca GCAL
G/Gomphonema
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Gomphonema angustum C.Agardh GANG + + +
Gomphonema parvulum (Kitzing) Kitzing GPAR + + + + +
G/Gyrosigma
Gyrosigma scalproides (Rabenhorst) Cleve GSCA + + +
G/Halamphora
Halamphora coffeaeformis (C.Agardh) Mereschkowsky HCOF +
Halamphora veneta (Kiitzing) Levkov HVEN +
G/Hantzschia
Hantzschia amphioxys (Ehrenberg) Grunow HAMP
Hantzschia virgata (Roper) Grunow HVIR
G/Haslea
Haslea stundlii (Hustedt) Blanco, Borrego-Ramos & Olenici HSTU + + +
G/Homoeocladia
Homoeocladia amphibia (Grunow) Kuntze HAMP +
G/Luticola
Luticola mutica (Kitzing) D.G.Mann LMUT +
G/Mastogloia
Mastogloia elliptica (C.Agardh) Cleve MELL + +
Mastogloia smithii Thwaites ex W.Smith MSMI + +
G/Melosira
Melosira varians C.Agardh MVAR + +
G/Navicula
Navicula cryptocephala Kiitzing NCRY +
Navicula cryptotenella Lange-Bertalot NCRT + + + +
Navicula gregaria Donkin NGRE + + +
Navicula phyllepta Kiitzing NPHY + + + + +
Navicula recens (Lange-Bertalot) Lange-Bertalot NREC + +
Navicula tripunctata (O.F.Miller)Bory NTRI + +
Navicula veneta Kiitzing NVEN + + +
Navicula spl NSP1 +
Navicula sp2 NSP2 +
G/Navicymbula
Navicymbula pusilla (Grunow) Krammer NPUS + + + +
G/Navigeia
Navigeia decussis (dstrup) Bukhtiyarova NDEC + +
G/Nitzschia
Nitzschia bergii Cleve-Euler NBER + + +
Nitzschia clausii Hantzsch NCLA +
Nitzschia communis Rabenhorst NCOM +
Nitzschia constricta (Kiitzing) NCON + + + +
Nitzschia denticula Grunow NDEN + +
Nitzschia dissipata (Kitzing) Rabenhorst NDIS
Nitzschia dubia W.Smith NDUB
Nitzschia elegantula Grunow NELE + + + +
Nitzschia frustulum (Kiitzing) Grunow NFRU
Nitzschia homburgiensis Lange-Bertalot NHOM +
Nitzschia inconspicua Grunow NINC +
Nitzschia microcephala Grunow NMIC
Nitzschia palea (kutzing) W. smith NPAL + + + + +
Nitzschia tryblionella Hantzsch NTRY
Nitzschia sp. NSPE + + + +
G/Planothidium
Planothidium lanceolatum (Brébisson ex Kiitzing) Lange-Bertalot | PLAN + +
G/Pseudostaurosira
Pseudostaurosira brevistriata (Grunow) D.M.Williams & Round | PBRE + + +
G/Tabularia
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Tabularia fasciculata (C.Agardh) D.M.Williams & Round TFAS + + + + + +
G/Tryblionella
Tryblionella calida (Grunow) D.G.Mann TCAL + + +
G/Rhoicosphenia
Rhoicosphenia abbreviata (C.Agardh) Lange-Bertalot RABB + + + +
G/Rhopalodia
Rhopalodia gibba (Ehrenberg) Otto Miiller RGIB + + + + +
Rhopalodia gibberula (Ehrenberg) Otto Miiller RGBB +
G/Sellaphora
Sellaphora bacillum (Ehrenberg) D.G.Mann SBAC
Sellaphora pupula (Kitzing) Mereschkovsky SPUP + + +
Sellaphora stroemii (Hustedt) H.Kobayasi SSTR +
G/Surirella
Surirella brebissonii Krammer& Lange-Bertalot SBRE +
Surirella peisonis Pantocsek SPEI +
G/Ulnaria
Ulnaria acus (Kiitzing) Lange-Bertalot UACU +
Ulnaria ulna (Nitzsch) Lange-Bertalot UULN + + + + +
Centric diatoms
G/Cyclotella
Cyclotella meneghiniana Kiitzing CMEN + + + + +
G/Pantocsekiella
Pantocsekiella ocellata (Pantocsek) K.T.Kiss & Acs POCE + + + + +
Total species = 86 23 35 39 45 38 31 31

Species richness and diversity indices

The species richness (S), Shannon-Weaver diversity (H’), Pielou’s species evenness
(E) and Simpson indices of diatom community are shown in Table 4. The highest
species richness was found in Middle Draa at site 4 (45 taxa), while the lowest value
was recorded in the Upper Draa at site 1 (23 taxa). The Shannon index was much higher
in Middle Draa sites (especially at S4 and S5) and rather low in the upstream sites of the
basin (2.19 at site 1). Similarly, the highest species evenness values were recorded in
the Middle Draa sites (0.74 at site 5). Simpson diversity index followed the same trend
as Shannon index with the highest diversity value at site 4.

The Pearson correlation analysis was further used to elucidate the relationships
between diatoms diversity indices (H’, SDI and E) and the environmental variables
(Fig. 3). The results showed that diatom species richness was negatively correlated with
pH (r = -0.61). No significant correlation was detected between diatom species richness
and salinity or major ions contents.

Table 4. Species richness (S), Shannon—-Weaver diversity (H"), Pielou’s species evenness (E)
and Simpson indices of diatom community in each sampling site

Indices S1 S2 S3 S4 S5 S6 S7

Species richness (S) 23 35 39 45 38 31 31
Shannon (H”) 2.19 2.47 2.49 2.72 2.70 2.51 2.38
Evenness (E) 0.70 0.69 0.68 0.71 0.74 0.73 0.69
Simpson (SDI) 0.85 0.85 0.86 0.91 0.89 0.87 0.83
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Figure 3. Pearson correlation coefficient values of biological indices with environmental

variables. S. Species richness, H’. Shannon index, E. Evenness, SDI. Simpson index, Sal.

Salinity, EC. Conductivity, Fv. Flow velocity, Fr. Flow rate. Boxed Circle with coloration:

correlation is significant at the 0.05 level (2-tailed). blue circle: positive correlation, red:
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In order to compare the different sites and to evaluate the variation of benthic diatom
diversity along the upstream-downstream gradient, we calculated the Sorensen similarity
index. The results of the inter-sites similarity matrix are given in Table 5. The most
similar sites (Qs ranging from 0.53 to 0.72) are located in the Middle Draa, whereas the
least similar are those of the Upper Dréa, particularly sites 2 and 3. Figure 4 shows a
dendrogram grouping the sampling sites according to their similarities. The dendogram
distinguished three clusters. The first cluster corresponds to site 3 characterized by
diatoms only found at this site namely Cymatopleura solea, Epithemia sorex,
Homoeocladia amphibia, Halamphora veneta and Nitzschia inconspicua. The second
cluster includes all the sites of Middle Draa (4, 5, 6 and 7) plus the site 1 of Upper Dréa.
All these sites were characterized by numerous common diatom species such as Cymbella
affinis, Diploneis ovalis, Diatoma moniliformis, Pantocsekiella ocellata, Ulnaria ulna and
Fragilaria capucina var. vaucheriae. The third cluster corresponds to site 2 characterized
by typical halotolerant species such as Nitzschia frustulum, Nitzschia communis,
Halamphora coffeaeformis, Geissleria acceptata, Luticola mutica and Surirella
brebissonii. Only Achnanthidium minutissimum and Encyonopsis microcephala were
common to all sites with variable relative abundances.

Table 5. Sorenson similarity matrix of the studied sites

S1 S2 S3 S4 S5 S6 S7
S1 1 0.28 0.42 0.57 0.52 0.48 0.44
S2 0.28 1 0.27 0.38 0.38 0.39 0.33
S3 0.42 0.27 1 0.48 0.47 0.43 0.31
S4 0.57 0.38 0.48 1 0.66 0.53 0.56
S5 0.52 0.38 0.47 0.66 1 0.72 0.58
S6 0.48 0.39 0.43 0.53 0.72 1 0.68
S7 0.44 0.33 0.31 0.56 0.58 0.68 1
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Quantitative diatoms analysis
Diatoms relative abundance

The distribution of diatom species relative abundances varied significantly between
the different sites (Fig. 5). The diatom community of site 1 was mainly dominated by
Gomphonella olivacea (26%), Diatoma moniliformis (25%), Cymbella affinis (16%)
and Ulnaria ulna (14%). In site 2, Nitzschia frustulum was the most dominant species
(30%) and was only found at this site followed by Achnanthidium minutissimum
(18%), Mastogloia smithii (11%), Navicymbula pusilla (10%) and Nitzschia
microcephala (8%). Gomphonema angustum, Achnanthidium minutissimum,
Encyonopsis microcephala, Homoeocladia amphibia and Nitzschia inconspicua were
the dominant species at site 3 with 25%, 23%, 16%, 7% and 5%, respectively. In site
4, Ulnaria ulna (21%), Diatoma moniliformis (16%) Fragilaria capucina var.
vaucheriae (16%), Cyclotella meneghiniana (9%), Tabularia fasciculata (8%) and
Nitzschia dissipata (7%) were the dominant species. At site 5, the abundant species
were Nitzschia elegantula (21%), Achnanthidium minutissimum (17%) and
Encyonopsis microcephala (14%). Achnanthidium minutissimum was the most
dominant species in site 6 (28%) followed by Nitzschia elegantula (13%),
Gomphonema parvulum (11%) and Ulnaria ulna (11%). This latter species also
dominated (27%) the diatom assemblage at site 7 followed by Rhopalodia gibba
(12%), Navicula veneta (9%) and Nitzschia palea (6%).

Biofilm total biomass

The biofilm biomass parameters (DW, AFDW, Chl a and cell diatoms.cm)
showed spatial variation and significant differences (p < 0.05) were observed between
the sampling sites (Table 6). The biofilm DW showed a significant difference between
all study sites with the lowest values (ranging from 0.32 to 3.06 mg/cm?2), observed in
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the Upper Draa sites (S1, S2 and S3) and the highest values (ranging from 20.2 to
87.67 mg/cm?) in the Middle Dréaa sites except for site 6 where the DW was extremely
low (3.82 mg/cm?). The AFDW showed the same variation with the highest value
found in site 7 (77.37 £0.01 mg/cm2) and the lowest value in site 1
(0.32 £ 0.01 mg/cm?). Similarly, the chlorophyll a concentration showed significant
spatial variation between the Upper Draa and Middle Dréa sites. The number of cell
diatoms per cm? showed a significant difference between all sampling sites with the
lowest value (1091.51 cells.cm) observed in site 1 and the highest one (13627.75
cells.cm™) in site 4.

100
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Figure 5. Relative abundances of main diatoms species in each sampling site

Table 6. Biofilm biomass expressed as dry weight, ash—free dry weight, chlorophyll a and
number of diatom cells per cm? in each sampling sites

. iofilm mg.cm’ mg.cm’ orophyll a pg.cm- iatom cells.cm-
Sar;‘;;'”g Biofilm DW 2|  AFDW 2 |Chlorophyll 2| Di IIs.cm2
1 0.32 +0.01° 0.31+ 0 0.04 + 02 1092 + 2.3

2 3.06 +0.01¢ 2.73+0.01¢ 0.15 + 0¢ 2376 + 75.7
3 2.17 +0.02° 1.71+0.1° 0.11 + 0.01° 1263 + 72.91°
4 39.19 + 0.02f 3354 +0.1¢ 0.62+ 0 13628 + 122,869
5 20.2 4 0.01° 17.09 + 0.01¢ 0.30 + 0¢ 11854 + 6.62f
6 3.82 +0.01¢ 264 +0° 0.1+ 0 8075 + 94.12°
7 87.67 + 0.019 77.37 +0.01f 0.61 + 0f 6400 + 138.14¢

Values with the same letter were not significantly different according to Tukey’s test (p > 0.05)
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Relationships between diatom community composition and environmental parameters

Canonical correspondence analysis (CCA) was used to investigated the relationships
between diatom assemblages and environmental variables. Among 86 taxa inventoried,
39 species with relative abundance higher than 1% were included in this analysis. The
ordination of dominant diatom species and their determining environmental factors in

the CCA diagram is given in Figure 6.
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Figure 6. Canonical correspondence analysis (CCA) ordination diagram of benthic diatoms
and environmental variables (arrows) in the seven sampling sites. The direction of the arrow
indicates the direction of maximum correlation, and length the strength of this correlation; DO:
Dissolved oxygen, T: Temperature, FlowVelc: Flow velocity, SO42-: Sulfate, CaCO3: Total
hardness, Cl-: Chloride, EC: Conductivity, HCO3-: total alkalinity, PO43-: Orthophosphate,
NH4+: Ammonium ion. The species codes are represented in Table 3

The first two axes F1 and F2 explained 51.1% of the variance in the data found. The
first axis F1 with 28.01% of total variance was related to conductivity, salinity, SO4>",
Cl, CaCO3 and ammonium ion (NH4"). The second axis F2 with 23.17% of total
variance where POs* and pH have the highest contribution. The SO4> value was the
largest positive correlation with first axis followed by the salinity, CaCO3z and CI, and
the NH4" was largest negative with the first axis, while the PO4* value was the largest
positive correlation with second axis followed by pH. The arrow lengths in CCA
ordination showed that the distribution of benthic diatoms was mainly affected by
salinity, major ions (SO4%, CI, CaCOs) and nutrients (PO4>, NH4*). CCA axis 1 and 2
separated the Middle Draa river sites (S4, S5, S6 and S7) from the Upper Draa sites (S1,

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(5):3709-3736.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2005_37093736
© 2022, ALOKI Kft., Budapest, Hungary



Lazrak et al.: Spatial variation in benthic diatom communities in relation to salinity in the arid Dréa River basin (Southern Morocco)
- 3724 -

S2 and S3) into four clusters. The first cluster includes site 1 characterized by high
values of pH and NH4" where the biofilm was dominated by freshwater diatoms such as
Fragilaria crotonensis, Gomphonella olivacea, Diatoma moniliformis and Cocconeis
placentula. The second cluster corresponds to site 2 characterized by high values of EC,
salinity, CI, SO+ and CaCOsz where the biofilm was marked by euryhaline and
halotolerant diatoms namely Nitzschia frustulum, Mastogloia smithii and Nitzschia
microcephala. The cluster 3 includes site 3 marked by low current velocity with high
values of PO4s* and pH and characterized by Nitzschia inconspicua, Homoeocladia
amphibia, Gomphonema angustum and Ctenophora pulchella. The cluster 4 includes all
Middle Draa sites 4, 5, 6 and 7 highly impacted by agricultural and domestic activities
(six downstream palm oases) and characterized by a gradual increase in water salinity.
Diatom assemblages in these sites were characterized by a mixture of halophilic and
eutrophic taxa namely Rhopalodia gibba, Tryblionella calida, Sellaphora stroemii,
Nitzschia dissipata, Cyclotella meneghiniana, Navicula cryptonella, Ulnaria ulna,
Nitzschia palea, Nitzschia elegantula, Navicula veneta, Bacillaria paxillifera,
Anomoeoneis vitrea, Fragilaria capucina var. vaucheriae.

It is interesting to note that halophilic diatom species (e.g., Nitzschia elegantula,
Nitzchia bergii, Navicymbula pusilla and Haslea stundlii) were commonly found in
some brackish sites of the Middle Draa and site 2 and were mainly related to high
values of SO4%, EC, salinity, CaCOsand CI-,

Discussion

Arid rivers provide important services to humans and society such as drinking water,
domestic and irrigation water, food (fish), climate regulation, and recreation (Malmqvist
and Rundle, 2002; Vorosmarty et al., 2010; Berger et al., 2019). These environmental
stressors contribute in various ways to water physicochemical changes, including
salinization.

The physico-chemical analysis showed a spatial variability with a gradual increase of
water salinity and ions composition along the Dréa river. Overall, the water salinity
showed an increasing gradient in the Dréaa river, especially downstream of the Mansour
Eddahbi dam. Previous studies have highlighted the rise of salinity along the course of
the Dréaa from the ME dam to the downstream area through the succession of six large
oases (Warner et al., 2013). During the last decades, the salinity of Draa river has
increased due to water abstraction, land use, irrigation and sequence of drought episodes
(Warner et al., 2013). This salinization originates from natural (geological) and various
anthropogenic drivers further is significantly amplified by climate changes. Indeed, the
modeling and climate scenario for the period 2000-2029 showed a mean decrease in
precipitation (-11%) and especially snowfall (-31%) in the Upper Draa valley leading to
a significant decrease in runoff and available water resources (Johannsen et al., 2016).
In a recent paper, Berger et al. (2021) have monitored the changes in the water surface
area (calculated from satellite images) of ME reservoir from 2015 until 2020 as a proxy
for surface water availability in the Draa valley. By referring to these data, the time of
water and diatoms sampling coincided with a period of receding water availability in the
valley.

The total ion content in the river can be reflected by the conductivity (EC) as a good
indicator. The lowest value (385.5 pS.cm™) was observed in oued Iriri (site 1) a
freshwater perennial stream located at the Upper Dréa basin that drains surface
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discharge originating in the High Atlas Mountain to the Mansour Eddahbi reservoir.
The high EC value (7090 pS.cm™), was measured in oued EI Malleh (Site 2) followed
by the Middle Draa river (S5 with 5670 pS.cm™). Oued EI Malleh, an ephemeral stream
depending on rainfall or snowmelt, was characterized by high salt water content.
Numerous previous studies have indicated that EI Malleh stream is characterized by
significantly high salinity with high content of CI- and SOs* (Schulz et al., 2008;
Warner et al., 2013; Clavero et al., 2017). The site 5 located just before the oasis of
Ternata (Ouled Yaoub) is also rather salty which could be due to the high salinity of the
soil (about 5.6 mS. cm™) (Schulz et al., 2008).

On the other hand, nutrient contents (NH4* and PO.*) are rather high, especially in
certain sites of Middle Draa affected by direct human impact (diffuse wastes, washing
clothes and animal keeping). Our findings are in agreement with Berger et al. (2021)
who found that of the 92% of farmers in the Upper Dréa assess water quality as good
for agricultural production while only 67% in the Northern Middle Draa think that water
has good quality for agriculture, decreasing to 35% in the Southern Middle Draa.

The spatial variability of water temperature in Draa river depends on aquatic stages,
degrees of intermittency, river depth and time of measurement. Indeed, the lowest
temperature value was measured in isolated or weakly connected pools such as site 3
(15.9 °C) and the highest value was recorded in eurheic habitats with surface flow and
abundant riffles as site 1 (22.8 °C).

Despite the low number of samples, this first study of benthic diatoms of Dréa river
highlighted significant diatom species richness dominated by pennate taxa. The analysis
of diatom composition revealed the presence of 86 diatom species belonging to 44
genera. Among the 26 genera observed, Nitzschia and Navicula were the genera with
the highest number of species. The common species to all sites were Achnanthidium
minutissimum and Encyonopsis microcephala which are cosmopolitan, in particular A.
minutissimum. This later diatom is a very ubiquitous species showing a wide range of
ecological tolerance and can be found in all types of watercourse (Krammer, 1991b;
Taylor et al., 2007; Bey and Ector, 2013; Hofmann et al., 2013; Stubbington et al.,
2019).

The spatial variability of benthic diatoms showed that oued Iriri (site 1) had the
lowest species richness. This could be due to competition (especially for light and
nutrients) with the well-developed macrophytes in this site as well as high flow velocity
and water releases from the dam. Conversely, site 4 of the Middle Dréa, has the highest
species richness, which can be explained by the low flow and the frequency of pools
microhabitats compared to riffle. Stubbington et al. (2017) state that taxa richness in
temperate rivers can initially increase when the flow ceases and pools form, as lentic
colonists join lotic refugees, and then decrease as results of poor habitat suitability,
reduced water quality and intensive biotic interactions. Shannon, Simpson and Pielou’s
diversity indices showed relatively higher diversity and structural stability within the
diatom communities especially in the Middle Draa river. No significant correlation was
detected between diatom species richness and salinity or major ions contents. In
contrast, diatoms diversity index (Shannon-Weaver diversity index) and species
richness were negatively correlated with pH. As species richness was rather similar
between the study sites, it is not sufficient to significantly differentiate them (i.e., it
cannot differentiate between abundant and rare species and two sites with different
salinity could have the same species richness). However, the composition of diatom
communities was affected by salinity and major ions contents as the relative abundance

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(5):3709-3736.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2005_37093736
© 2022, ALOKI Kft., Budapest, Hungary



Lazrak et al.: Spatial variation in benthic diatom communities in relation to salinity in the arid Dréa River basin (Southern Morocco)
- 3726 -

of some diatom taxa was significantly correlated with salinity and major ions contents.
For instance, Mastogloia smithii (abundant at site 2) and Navicymbula pusilla (abundant
at site 2 and site 5) were positively correlated (r > 0.76) with conductivity, salinity and
chloride. In addition, Nitzshia frustulum and Nitzshia microcephala that were abundant
at site 2 had a positive correlation (r =0.84) with sulfate concentration. However,
salinity was negatively correlated with Cymbella affinis (r = -0.80) that was abundant at
site 1.

The analysis of inter-sites similarity and its illustration in a dendogram separated the
sampling sites into three clusters. The cluster including EI Malleh site (site 2) is the
least similar to any other sites owing to the presence of characteristic euryhaline and
halotolerant diatoms such as Nitzschia frustulum, Nitzschia communis, Halamphora
coffeaeformis, Geissleria acceptata, Luticola mutica and Surirella brebissonii usually
found in electrolyte-rich and brackish waters (Lange-Bertalot, 1996; Taylor et al.,
2007). The cluster of site 3, downstream of Ait Douchen intermittent stream with
abundant pools, was characterized by both eutrophic and halophilic diatoms that were
found only in this site such as Cymatopleura solea, Epithemia sorex, Homoeocladia
amphibia, Halamphora veneta, Craticula riparia, Surirella peisonis and Nitzschia
inconspicua. Some of these species are characteristic of eutrophic habitats (Taylor et al.,
2007; Delgado et al., 2012) while others such as Epithemia sorex, Craticula riparia,
Surirella peisonis were found in brackish water rich of HCO3  (Krammer and Lange-
Bertalot, 1999; Bey and Ector, 2013; Hofmann et al., 2013). The clustering of the
Middle Dréaa sites and Iriri stream (site 1) in the same group can be explained by the
presence of several common species such as Diatoma moniliformis, Cymbella affinis,
Diploneis ovalis, Ulnaria ulna, Rhopalodia gibba and Fragilaria capucina var.
vaucheriae characteristic of freshwaters habitats (Reynolds et al., 2002; Taylor et al.,
2007; Padisék et al., 2009).

The CCA analysis showed that diatoms spatial distribution in Draa basin appear to be
mainly determined by variations in ion composition (SO4%, CI, CaCOs3), salinity, pH,
nutrient content (PO+*, NH4") (Fig. 5). Previous studies have highlighted the effects of
these environmental variables on changes in diatom composition in lotic and lentic
ecosystems (Potapova and Charles, 2003; Bere and Tundisi, 2009, 2011a; Smucker and
Vis, 2011; Bere and Mangadze, 2014; Ingebrigtsen et al., 2016; Mangadze et al., 2017).

Based on CCA results, site 2 (Oued El Malleh), which was the most saline, was
associated with high levels of Cl-, SO4*, CaCO3, salinity and was characterized by
diatoms known by their preference for electrolyte-rich waters and brackish habitats
(Taylor et al., 2007; Sivaci et al., 2008; Lengyel et al., 2015). Site 3 with abundant pools
in downstream of Ait douchen high level of POs* and pH was characterized by the
occurence of eutrophic taxa such as Nitzschia inconspicua, Homoeocladia amphibia
which are a good indicator of a high level of trophic pollution (Van Dam et al., 1994;
Taylor et al., 2007; Delgado et al., 2012; Shen et al., 2018), while Ctenophora pulchella
can be found in waters affected by industrial and mining wastes (Taylor et al., 2007).
Site 1 (Iriri stream) with low salt concentrations, high values of pH and NH4" was
characterized by oligohaline and oligo- to mesotrophic diatoms (Saros et al., 2003,
2005; Rankovi¢ et al., 2006; Taylor et al., 2007; Licursi et al., 2016). Gomphonella
olivacea is considered as a good indicator of eutrophic waters with moderate
conductivity (Krammer and Lange-Bertalot, 1999; Bey and Ector, 2013; Hofmann et al.,
2013). Similary, Diatoma moniliformis has been described as representative species of
eu-polytrophic conditions (Schneider et al., 2000). While Cocconeis placentula lives in
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freshwater/brackish habitats and is considered as an alkaliphilous species (Pienitz et al.,
1991; Vouilloud, 2003).

The Middle Draa river sites (S4, S5, S6 and S7) with moderate salt and nutrients
contents were characterized by diatom assemblage frequently observed in eutrophic
and/or electrolyte rich waters (Reynolds et al., 2002; Frankova-Kozakova et al., 2007;
Taylor et al.,, 2007; Padisak et al., 2009). Nitzschia palea was considered as a
representative species of eutrophic and very heavily polluted to extremely polluted
waters with moderate to high electrolyte content (Van Dam et al., 1994; Krammer and
Lange-Bertalot, 1999; Taylor et al., 2007; Bey and Ector, 2013; Hofmann et al., 2013).
It has also been associated with high conductivity and eutrophication sites in Brazil
(Bere and Tundisi, 2011b), South Africa (Mangadze et al., 2017) and China (Shen et al.,
2018). Ulnaria ulna has been considered as a dominant species in moderate and high
trophic levels (Krammer and Lange-Bertalot, 2000; Taylor et al., 2007; Bey and Ector,
2013; Hofmann et al., 2013). Nitzschia elegantula has been described as representative
species of electrolyte rich waters (Taylor et al., 2007).

The effects of ionic strength and salinity on diatom communities structure can be
impacted by combined effects of environmental factors namely nutrients contents and
eutrophication (Bere and Tundisi, 2011a). Moreover, Saros and Fritz (2000) showed
that nutrient enrichment can broaden the high end of a taxon’s salinity tolerance range.
However, the separation of ionic strength and conductivity effects from other variables
on diatom communities has not been thoroughly studied in situ. This study provides
additional data and baseline information on salinity impacts on diatom assemblages in
an intermittent desert river in southern Morocco.

Conclusion

This exploratory survey provides a first inventory, data ecology and distribution of
the benthic diatom assemblages in arid Draa river, South of Morocco. The physico-
chemical parameters monitoring showed a spatial variability with a gradual increase of
water salinity and ions composition along the Draa river. This study reveals the
existence of a significant diatom richness (86 taxa) and notable differences between the
Middle Dréa valley which had diatom communities significantly different from those of
the Upper Draa streams with higher diversity and evenness of taxa.

The composition and spatial distribution of benthic diatoms was mainly determined
by salinity, ion content (chloride and sulfate), pH, flow velocity and nutrients (NH4",
POs*). Thus, benthic diatoms are a good tool for monitoring ecological quality of
intermittent rivers and ephemeral streams (IRES) during the period of water stability.
We therefore recommend in-depth studies including spatio-temporal monitoring of
benthic diatoms with other groups of algae taking into account other factors such as
hydrological drought (dry phase and aquatic stage) that have been shown to influence
benthic diatoms assemblage structure in intermittent river, but which were not assessed
in this study.
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APPENDIX

Appendix 1. Photos of the sampling sites:
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Site 7
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