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Abstract

This study provides the first updated checklist of Moroccan freshwater molluscs, synthesiz-
ing faunistic knowledge accumulated between 1795 and 2026. The dataset was primarily
compiled from specialized literature, complemented by the authors’” expertise and recent
field investigations. Taxonomic classifications at the family, genus, and species levels were
revised in accordance with current systematic interpretations. In total, 106 freshwater
molluscan species, belonging to 55 genera and 14 families, were documented. Chorological
analysis reveals a clear dominance of Palearctic elements, particularly of Mediterranean
affinity, alongside a high proportion of strictly endemic Moroccan taxa. Most of these
endemics are associated with springs (crenobionts) and subterranean habitats (stygob-
ionts), emphasizing the role of these environments as key centres of micro-endemism and
diversification. A comprehensive database comprising 838 occurrence records was assem-
bled, including GPS coordinates and sampling dates. The analysis identifies biodiversity
hotspots mainly concentrated in the Mediterranean part of Morocco, particularly within the
Middle Atlas Mountains, followed by the northeastern regions, where the highest species
richness and citation rates were recorded. Despite this progress, significant gaps remain
in the knowledge of Moroccan freshwater molluscs. Several regions still require further
exploration, while ongoing threats—including pollution, habitat degradation driven by
anthropogenic activities, global environmental change, and biological invasions—pose
significant challenges. Addressing these gaps calls for intensified research efforts, includ-
ing comprehensive field surveys, integrative taxonomic and molecular approaches, and
long-term ecological monitoring. Overall, this study represents a significant step toward
advancing the knowledge and conservation of freshwater molluscan diversity in Morocco.

Keywords: Gastropoda; Bivalvia; endemism; chorology; conservation; inland waters;
North Africa; threats; biological invasion

1. Introduction

Situated at the crossroads of two major biogeographic realms—the Atlantic and the
Mediterranean—and characterized by a diverse landscape intersected by numerous rivers
and lakes, Morocco harbours a wide range of freshwater habitats that contribute to its
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high faunal diversity and endemic richness [1]. The country’s landscape includes major
mountain systems such as the Rif, Middle Atlas, High Atlas and Anti Atlas, which capture
substantial precipitation and feed numerous river systems and aquifers that drain toward
both oceanic basins. These rivers, lakes, wetlands and groundwater bodies form a mosaic
of aquatic habitats spanning altitudinal and climatic gradients, from montane springs to
lowland rivers, thereby supporting a diverse continental fauna [2,3]. Some of the largest
river basins—including the Sebou, Oum Er Rbia and Moulouya—encompass ecosystems
recognized as being important for freshwater biodiversity (e.g., IUCN Key Biodiversity
Areas), hosting numerous endemic and threatened taxa [4]. This complex hydrographic
and ecological context, combined with Morocco’s position at the interface of biogeographic
regions, contributes to both a relatively high freshwater biodiversity and the occurrence of
narrowly distributed endemic species across the country’s inland waters [5,6].

Freshwater molluscs, including both gastropods and bivalves, are fundamental com-
ponents of inland aquatic ecosystems, contributing substantially to ecological processes
and biodiversity. Gastropods function as grazers and detritivores, regulating periphyton
and decomposing organic matter, thereby influencing nutrient cycling and energy flow
within freshwater food webs [7,8]. Similarly, bivalves, particularly unionid mussels, pro-
vide critical ecosystem services through filtration, sediment stabilization, and nutrient
sequestration, which enhance water quality and affect the structure and productivity of
aquatic communities [9,10].

Both groups also exhibit remarkable diversity and endemism, especially in isolated
or specialized habitats such as springs, subterranean waters, lakes, and river systems.
Gastropods often show high species turnover and fine-scale endemism due to their limited
dispersal abilities [7,11], while many freshwater bivalves display localized distributions
shaped by hydrological connectivity and historical biogeographic patterns [12].

Despite their ecological significance, freshwater molluscs are among the most threat-
ened faunal groups worldwide. Anthropogenic pressures, including habitat destruction,
pollution, flow regulation, damming, overharvesting, and invasive species, have led to
severe population declines and extinctions across both gastropod and bivalve taxa [12,13].
This parallel vulnerability underlines the need to consider both groups with equal priority
in conservation planning.

A crucial step toward effective management is the development of comprehensive,
up-to-date inventories at national and regional scales. Such checklists provide baseline
data essential for assessing biodiversity, identifying priority species and habitats, and in-
forming conservation strategies for maintaining the structure and functioning of freshwater
ecosystems [14,15].

Building on the discussion above, this study aims to provide an updated checklist
of Morocco’s freshwater molluscan fauna, integrating both historical records and newly
collected data on the diversity of gastropods and bivalves. Furthermore, we critically
assess patterns of species diversity, endemism, and biogeographic hotspots, providing
a comprehensive framework for understanding the distribution and biogeography of
freshwater mollusks across the country.

2. Materials and Methods
2.1. Study Area

Morocco, located in the northwestern part of Africa, exhibits marked geographic and
hydroclimatic heterogeneity that strongly controls the structure and functioning of its
aquatic ecosystems. The country is characterized by a complex topography dominated by
the Rif Mountains in the north and the Atlas system (Middle, High, and Anti-Atlas), which
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extends across the central and southern regions and constitutes the main source of surface
water resources (Figure 1).
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Figure 1. Topographic map of Morocco showing relief features and the main watersheds (left); major
hydrographic networks and watersheds of Morocco (middle); distribution of suitable stygobiotic
habitats in Morocco (right).

With the exception of the Moulouya River, most major river basins originate in these
mountainous areas and drain toward the Atlantic Ocean, while a smaller proportion flows
into the Mediterranean Sea. The hydrographic network is unevenly distributed across
the country. Northern and central basins, such as the Sebou, Bouregreg, Oum Er-Rbia,
and Tensift, are characterized by relatively dense river networks and more perennial flow
regimes due to higher precipitation and favourable topographic conditions. In contrast,
southern basins are subject to arid and semi-arid climates, resulting in intermittent or
ephemeral streams and highly variable discharge patterns [16,17].

This spatial variability is primarily driven by a strong climatic gradient ranging from
humid Mediterranean conditions in the north to Saharan environments in the south. Precip-
itation shows high spatial and temporal variability. Consequently, Moroccan hydrological
regimes are typically irregular, characterized by marked seasonality, with high flows occur-
ring during winter and spring and low-flow periods in summer [18]. Such heterogeneity in
climatic and hydrological conditions leads to significant disparities in water availability
and ecosystem dynamics across the country. While northwestern basins concentrate the
majority of renewable water resources, southern regions face increasing water scarcity.

2.2. Data Collection and Analysis

Our updated checklist and existing records of freshwater gastropods from all over
Morocco, including the sampling dates (when available), geographic coordinates and their
references, was compiled from multiple sources: (i) a comprehensive review of all available
malacological literature, encompassing both national and international publications [19-74];

https:/ /doi.org/10.3390 /5u18115637


https://doi.org/10.3390/su18115637

Sustainability 2026, 18, 5637

4 0f 20

(ii) our own research and additional personal observations [75-105]; and (iii) verified records
from the Global Biodiversity Information Facility [106-121]. Fossils and taxa listed as nomen
dubium or of uncertain status in MolluscaBase were not considered. The nomenclature and
taxonomic status of gastropods follows MolluscaBase (https:/ /www.molluscabase.org/). An
overview of the IUCN Red List categories for freshwater molluscan taxa occurring in Morocco
were compiled using the Global Red List of Non-marine Molluscs (International Union for
Conservation of Nature, https:/ /www.iucnredlist.org/), consulted on 13 May 2026.

The chorological categories assigned to the freshwater mollusc species presented here
are based on the classifications of La Greca [122,123] and Vigna Taglianti et al. [124] for the
Western Palearctic fauna. The map of stygobiont habitats in Morocco was produced by
compiling data from the World Karst Aquifer Map (WOKAM) project, available through
WHYMAP (https:/ /www.whymap.org/), and from the British Geological Survey (BGS)
(https:/ /www.bgs.ac.uk/), consulted on 1 May 2026. A distribution map of biodiversity
hotspots in the inland waters of Morocco was built by processing all the gathered data in
ArcGIS GIS software (ArcGIS, hot spot analysis, spatial statistics, version 10.2). Occurrence
data are in the Supplementary Materials (Table S1).

3. Results
3.1. Diversity of Freshwater Molluscs in Morocco

A total of 106 species of freshwater molluscs, belonging to 55 genera and 14 families,
were recorded from Morocco (Table 1). Within the class Gastropoda (Figure 2A), the most
diverse family is Hydrobiidae, with 52 species (56% of the total gastropod species richness),
followed by Planorbidae (12 species; 13%) and Melanopsidae (9 species; 10%). The lowest
diversity was observed in the families Thiaridae, Tateidae, Bulinidae, and Acroloxidae,
each represented by a single species (Table 1).

Table 1. Updated checklist of freshwater molluscs of Morocco, including distribution, habitat, and
TUCN conservation status (IUCN CS). Taxa with type localities in Morocco are indicated with an
asterisk (*). Habitat categories are defined as: underground waters (stygobionts = hypogean waters
such as caves, phreatic waters, aquifers, interstitial) (A), springs (crenobionts = spring heads, spring
lakes, spring outflows) (B), rivers (lotic = rivers, creeks, rivulets, streams) (C), and standing waters
(lentic = lakes, ponds, and swamps) (D). Presence of taxa in each category is indicated with a plus
sign (+). The conservation status of the taxa (CS) is presented at the global level using standard IUCN
abbreviations. Taxa with sequences deposited in GenBank are indicated by a hashtag (#).

Taxa List Chorology A B C D IUCN CS
Class Gastropoda Cuvier, 1795

Familia Neritidae Rafinesque, 1815

Theodoxus fluviatilis (Linnaeus, 1758) Palearctic + o+ LC
Theodoxus marteli (Pallary, 1918) * Moroccan + NE
Theodoxus maroccanus (Paladilhe, 1875) * Moroccan + NE
Theodoxus numidicus (Récluz, 1841) Maghrebian + A%0)
Theodoxus poppei Ahuir, 2020 * Moroccan + NE
Theodoxus sandsi Mabrouki, Gloer & Taybi, 2023 * Moroccan + o+ NE
Theodoxus vondeli (Pallary, 1936) * Moroccan + DD
Familia Melanopsidae H. Adams & A. Adams, 1854

Melanopsis ahuiri Ahuir, 2014 * Moroccan + NE
Melanopsis cariosa (Linnaeus, 1767) Ibero-Maghrebian + DD
Melanopsis isabelae Ahuir, 2016 * Moroccan + NE
Melanopsis letourneuxi Bourguignat, 1884 * Moroccan + EN
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Taxa List Chorology B C D IUCN CS
Melanopsis praemorsa (Linnaeus, 1758) Circum-Mediterranean + o+ LC
Melanopsis rifi Ahuir, 2014 * Moroccan + NE
Melanopsis suarezi Ahuir, 2016 * Moroccan + NE
Melanopsis torquilla Pallary, 1920 * Moroccan + CR
Melanopsis tricarinata (Bruguiére, 1789) Ibero-Maghrebian + LC
Familia Thiaridae T. Gill, 1871 (1823)
Melanoides tuberculata (Miiller, 1774) Cosmopolitan + o+ LC
Familia Moitessieriidae Bourguignat, 1863
Iglica seyadi Backhuys & Boeters, 1974 * Moroccan NE
Iglica soussensis Ghamizi & Boulal, 2017 * Moroccan CR
Familia Tateidae Thiele, 1925
Potamopyrgus antipodarum (J.E. Gray, 1843) Cosmopolitan + o+ LC
Familia Hydrobiidae W. Stimpson, 1865
Aghbalia aghbalensis Gloer, Mabrouki & Taybi, 2020 * Moroccan + NE
Ainiella zahredini Taybi, Gloer & Mabrouki, 2022 * Moroccan + NE
Atebbania bernasconii Ghamizi, Bodon, Boulal & Giusti, 1999 * Moroccan NE
Berkanella selouensis Taybi, Gloer & Mabrouki, 2024 * Moroccan NE
Berkanella tifertiensis (Gloer, Mabrouki & Taybi, 2020) * Moroccan + NE
Corrosella atlasensis Boulaassafer, Ghamizi & Delicado, 2021 *# Moroccan + CR
Corrosella mahouchii Boulaassafer, Ghamizi & Delicado, 2021 *# Moroccan + CR
Corrosella marocana (Pallary, 1921) *# Moroccan + CR
Corrosella nechadae Boulaassafer, Ghamizi & Delicado 2021 *# Moroccan + EN
Corrosella pallaryi (Ghamizi, Vala & Bouka, 1997) *# Moroccan + CR
Corrosella wakrimi Boulaassafer, Ghamizi & Delicado, 2021 *# Moroccan + CR
Ecrobia vitrea (Risso, 1826) West Mediterranean + LC
Ecrobia ventrosa (Montagu, 1803) Atlanto-Mediterranean + LC
Fessia aouintii Gloer, Mabrouki & Taybi, 2020 * Moroccan + NE
Heideella andreae Backhuys & Boeters, 1974 * Moroccan DD
Heideella makhfamanensis Bodon, Ghamizi & Giusti, 1999 * Moroccan CR
Hydrobia acuta (Drapanaud, 1805) Moroccan + LC
Idrisiella bourkaizensis Mabrouki, Gloer & Taybi, 2022 * Moroccan + NE
Ifrania bahhouensis Mabrouki, Gloer & Taybi, 2022 * Moroccan + NE
Ifrania zerroukansis Gloer, Mabrouki & Taybi, 2020 * Moroccan + NE
Islamia karawiyiensis Mabrouki, Gloer & Taybi, 2021 * Moroccan + NE
Gafaita gafaitensis Taybi, Gloer & Mabrouki, 2023 * Moroccan + NE
Gloeriella gloeri Mabrouki, Taybi & Grego 2026 *# Moroccan + NE
Mahrazia benlemlihi Mabrouki, Taybi & Gloer, 2022 * Moroccan NE
Maroccoarganiella touarguii Ghamizi & Falniowski, 2024 *# Moroccan NE
Maroccohoratia bouregregensis Ghamizi & Falniowski, 2024 *# Moroccan + o+ NE
Maroccohoratia mezianei Mabrouki, Taybi & Grego 2026 *# Moroccan + NE
Menzella timedrinensis Mabrouki, Gloer & Taybi, 2023 * Moroccan + NE
Mercuria atlasica Mabrouki, Gloer & Taybi, 2021 * Moroccan + NE
Mercuria bakeri Gloer, Boeters & Walther, 2015 *# Moroccan + CR
Mercuria halouii Taybi, Gloer et Mabrouki, 2022 * Moroccan + NE
Mercuria gauthieri Gloer, Bouzid & Boeter, 2010 Maghrebian + o+ NE
Mercuria globulina (Letourneux & Bourguignat, 1887) Maghrebian + NE
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Taxa List Chorology B C D IUCN CS
Mercuria midarensis Boulaassafer, Ghamizi & Delicado, 2018 *# Moroccan + o+ VU
Mercuria nadorensis Taybi, Gloer & Mabrouki, 2022 * Moroccan + NE
Mercuria targouasensis Gloer, Boeters & Walther, 2015 *# Moroccan + o+ EN
Mercuria tensiftensis Boulaassafer, Ghamizi & Delicado, 2018 *# Moroccan + o+ EN
Mercuria tingitana Gloer, Boeters & Walther, 2015 *# Moroccan + CR
Peringia ulvae (Pennant, 1777) Atlanto-Mediterranean + o+ LC
Pikasia smenensis Taybi, Gloer & Mabrouki, 2021 * Moroccan + NE
Pseudamnicola berrahoui Taybi, Gloer & Mabrouki, 2022 * Moroccan + NE
Pseudamnicola bouhaddiouii Taybi, Gloer & Mabrouki, 2022 * Moroccan + NE
Pseudamnicola dupotetiana (Forbes, 1838) *# Maghrebian + o+ NT
Pseudamnicola chavanoni Mabrouki, Taybi & Grego 2026 *# Moroccan + NE
Pseudamnicola leprevieri (Pallary, 1928) *# Moroccan + CR
Pseudamnicola luteola (Kiister, 1852) Maghrebian + DD
lzjg%dfynicolu ouarzazatensis Boulaassafer, Ghamizi, Machordom & Delicado, Moroccan . CR
Pseudamnicola ramosae Boulaassafer, Ghamizi, Machordom & Delicado, 2020 *# Moroccan + o+ CR
Pseudamnicola skourensis Taybi, Gloer & Mabrouki, 2022 * Moroccan + NE
Pseudamnicola tafoughaltensis Taybi, Gloer & Mabrouki, 2022 * Moroccan + NE
Rifia yacoubii Ghamizi, 2020 * Moroccan NE
Znassela bnisnasensis Taybi, Gloer & Mabrouki, 2023 * Moroccan + NE
Familia Lymnaeidae Rafinesque, 1815
Galba truncatula (Miiller, 1774)# Holarctic + o+ o+ LC
Lymnaea stagnalis (Linnaeus, 1758) Sub-cosmopolitan + o+ LC
Peregriana peregra (O. F. Miiller, 1774) Palearctic + o+ 4+ LC
Stagnicola palustris (Miller, 1774) Palearctic + o+ 4+ LC
Stagnicola fuscus (Pfeiffer, 1821) West Palearctic + o+ LC
Familia Bulinidae P. Fischer & Crosse, 1880
Bulinus truncatus (Audouin, 1827) Afrotropical + o+ LC
Familia Physidae Fitzinger, 1833
Physa fontinalis (Linnaeus, 1758) Holarctic + + LC
Physella acuta (Draparnaud, 1805) Cosmopolitan + o+ 4+ LC
Family Planorbidae Rafinesque, 1815
Armiger crista (Linnaeus, 1758 Holarctic + o+ LC
Ancylus fluviatilis (Mller, 1774) West Palearctic + o+ o+ LC
Ancylus striatus Quoy & Gaimard, 1834 SW Palearctic + o+ DD
Anisus spirorbis (Linnaeus, 1758) Palearctic + o+ o+ LC
Ferrissia californica (Rowell, 1863) Sub-cosmopolitan + LC
Hippeutis complanatus (Linnaeus, 1758) West Palearctic + LC
Planorbis planorbis (Linnaeus, 1758) Palearctic + o+ LC
Planorbarius metidjensis (Forbes, 1838) West Mediterranean + o+ o+ LC
Planorbella duryi (Wetherby, 1879) Cosmopolitan + o+ LC
Gyraulus marocana Mabrouki, Gloer & Taybi 2022 * Moroccan + o+ LC
Gyraulus cf. parvus (Say, 1817) Palearctic + o+ 4+ LC
Segmentina nitida (O.FEMiiller, 1774) Palearctic + o+ LC

Familia Acroloxidae Thiele, 1931
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Taxa List Chorology A B C D IUCN CS
Acroloxus lacustris (Linnaeus, 1758) Palearctic + o+ LC
Class Bivalvia Linnaeus, 1758
Familia Unionidae Rafinesque, 1820
Anodonta anatina (Linnaeus, 1758) # Palearctic + LC
Potomida littoralis (Cuvier, 1798) # Atlanto-Mediterranean + EN
Pseudunio marocanus (Pallary, 1918) *# Moroccan + CR
Unio foucauldianus Pallary, 1936 *# Moroccan + o+ CR
Unio gibbus Spengler, 1793# Ibero-Maghrebian + CR
Sinanodonta woodiana (1. Lea, 1834) Sub-cosmopolitan + LC
Familia Cyrenidae J. E. Gray, 1840
Corbicula fluminea (O.F. Miiller, 1774) # Sub-cosmopolitan + o+ LC
Familia Sphaeriidae Deshayes, 1855 (1820)
Euglesa casertana (Poli, 1791) # Sub-cosmopolitan + o+ o+ LC
Euglesa personata (Malm, 1855) # Palearctic + o+ o+ LC
Euglesa moroccana Bespalaya, Vinarski, Aksenova, Mabrouki, Kondakov & West Palearctic v 4 NE
Palatov 2024 *#
Euglesa subtruncata (Malm, 1855) Palearctic + o+ LC
Pisidium amnicum (O. E. Miiller, 1774) Palearctic + o+ LC
Sphaerium lacustre (O. F. Miiller, 1774) Holarctic + LC
Acroloxidae
1% Neritidae
A 8% B
Physidae
2%
Bulinidae ‘ -~ Thiaridae
1% ) 1%
. ' Moitessieriidae
Lymnaeidae ! 2%
5%
_ Tateidae
1%
Unionidae
46%
Cyrenidae
8%

Figure 2. Composition of freshwater molluscan diversity in Morocco: Gastropoda (A) and Bivalvia (B).

Among the 106 recorded species, 16 are classified as Critically Endangered according
to the IUCN Red List, five species are Endangered, two are Vulnerable, and one is Near
Threatened. In addition, 37 species are classified as Least Concern, five as Data Deficient,
while 40 species have not yet been evaluated (Table 1).

The most species-rich genera are Mercuria Boeters, 1971 and Pseudamnicola Paulucci,
1878, each comprising 10 species (11%), followed by Melanopsis A. Férussac, 1807 with
9 species (10%), Theodoxus Montfort, 1810 with 7 species (8%) and Corrosella Boeters, 1970
with 6 species (7%). All remaining genera are represented by a small number of species,
each accounting for less than 2% of the total fauna (Table 1).

Within the class Bivalvia, the family Unionidae is represented by 5 genera and 6 species,
followed by Sphaeriidae with 3 genera and 6 species, while Cyrenidae is represented by a
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Palearctic
16%

single species (Figure 2B). The most species-rich genus is Euglesa Jenyns, 1832, represented
by 4 species (Table 1).

Taxa reported from Morocco with doubtful records, as well as species with unclear
taxonomic status, were excluded from the updated checklist due to the absence of reliable
evidence confirming their occurrence in the country. For instance, Melanopsis magnifica
Bourguignat, 1884, M. mourebeyensis Pallary, 1901, M. brevicula Pallary, 1918, M. chlorotica
Pallary, 1913, and Limnaea maroccana Pallary, 1889 are considered to have an uncertain
taxonomic status in MolluscaBase (2026) and were therefore excluded. In addition, some
unconfirmed taxa were not included because their known distributions occur outside
Morocco, such as Segmentorbis angustus (Jickeli, 1874) and Euglesa nitida (Jenyns, 1832).

3.2. Biogeographic Notes

The analysis of the chorological composition of Moroccan freshwater molluscs
(Figure 3), based on the distribution ranges assigned to each taxon, revealed a clear pre-
dominance of Palearctic elements, including Mediterranean taxa. Mediterranean species
constitute the largest proportion of the recorded fauna (70% of all species), followed by
non-Mediterranean Palearctic species (16%), while widely distributed species represent the
remaining 14%.

West
Mediterranean
1%

Maghrebian
Meditel;l‘anean st Endemic in the “
70% Medlt;x]/l:n% broadest sense e . Moroccan
939, Ibero-— 92%
Atlanto- Maghrebian
Vlediterranean 4%

4%
< % \\\\, _///
\\—‘ ; //,

Figure 3. Overall chorological composition of Morocco’s freshwater malacofauna.

Within the Mediterranean component, endemic taxa in the broad sense are overwhelm-
ingly dominant (93%). Atlanto-Mediterranean species represent a small fraction (4%), while
taxa with Holo-Mediterranean and West Mediterranean distributions are only marginally
represented (2% and 1%, respectively). Freshwater molluscs exhibit one of the highest
levels of endemism within the Moroccan fauna. Most of these endemic species are strictly
restricted to Morocco (92%), followed by taxa displaying a Maghrebian chorotype and
Ibero-Maghrebian taxa (4% each).

3.3. Endemism Patterns and Trends

In the inland waters of Morocco, the type localities of 62 species of freshwater snails
and mussels have been identified (Table 1). A considerable proportion of these taxa have
been described relatively recently, and the rate of discovery remains high. Approximately
47 species—predominantly belonging to the Gastropoda—were described in recent years,
while many additional freshwater snail species are still likely awaiting formal description
(Figure 4). With the exception of the pea clam Euglesa moroccana, which is also distributed
in southern Europe and the Middle East, all these species are restricted to Moroccan
territory. The majority of these endemic taxa inhabit springs or subterranean environments
(Table 1), highlighting the importance of these habitats as centres of micro-endemism and
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diversification. Species known from only one or a few localities are considered particularly
vulnerable to extinction. Springs, in particular, represent highly vulnerable habitats, as they
are strongly affected by anthropogenic pressures such as land-use change, groundwater
abstraction, pollution and climate change.

Figure 4. Examples of unidentified gastropod taxa currently under investigation: cf. Atebbania sp.
from the Sais Plain (A) and the Pré-Rif (B); cf. Fessia sp. from the Rif (C); juvenile Hydrobiidae? from
the Rif (D); cf. Berkanella sp. from the Rif (E,F); cf. Gafaita sp. from the High Plateaux (G); Mercuria
spp. from the Rif (H,I); cf. Hydrobia sp. from the Rif (J); Corrosella sp. from the Middle Atlas (K);
Planorbis sp. from the Middle Atlas (L). Scale bar = 0.5 mm.

Despite this high diversity and endemism, only 30 species of Morocco’s freshwater
malacofauna have been subject to molecular studies and have sequences deposited in Gen-
Bank, whereas the remaining species remain entirely unexplored (Table 1), underscoring a
substantial gap in our understanding of their genetic diversity.

3.4. Molluscan Hotspot Diversity in Morocco

After a careful review of the data, a total of 838 occurrence records of freshwater
molluscan species from the inland waters of Morocco were compiled, including GPS coordi-
nates of sampling localities, sampling dates (when available), and associated bibliographic
references (Table S1 in the Supplementary Materials). Of these, 786 records were extracted
from specialized published literature, including 263 from our own publications. These data
were complemented by 52 additional occurrence records obtained from GBIFE.

Freshwater molluscan diversity in Morocco is predominantly concentrated in the
northern part of the country (Figure 5). The highest species richness is recorded in the
Sebou watershed (55 species), followed by the Moulouya (35 species) and Oum Er-Rbia
(29 species) basins, whereas the Guir basin appears to be the least diverse, with only a
single confirmed species.

Spatially, the greatest number of records originates from the Middle Atlas, particularly
in the upstream areas of the Sebou watershed. Other diversity hotspots include northeastern
regions, such as the lower Moulouya and eastern Rif basins, as well as parts of the High
Atlas within the Oum Er-Rbia watershed.

Regarding species distribution, the invasive gastropod Physella acuta is the most
widespread species in Morocco, occurring in 16 watersheds. It is followed by Melanopsis
praemorsa s.1., which is present in 13 watersheds. Among bivalves, Euglesa casertana is the
most widely distributed species across the country.
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Figure 5. Spatial distribution of localities (black dots) where freshwater molluscs have been recorded
in Morocco (left). Spatial distribution of freshwater molluscan species in Moroccan inland waters,
illustrating regional species richness (right). Numbers (1-55) correspond to the total number of
species recorded per river basin.

It should be noted that a substantial proportion of the occurrence records used in this
study (263 out of 838 records) originates from the authors’ own previously published field
surveys. Consequently, the spatial distribution patterns presented here may partly reflect
differences in sampling effort and the geographic focus of available studies, which should
be considered a potential limitation of the dataset.

4. Discussion
4.1. A Rich Mediterranean-Influenced Yet Underexplored Freshwater Malacofauna

Within North Africa, Morocco’s freshwater malacofauna is regarded as particularly
rich and diverse [72], although the currently documented number of taxa likely underes-
timates the true species richness. This situation largely reflects the still incomplete state
of taxonomic knowledge in the region. The earliest record of a freshwater mollusc from
Morocco probably dates to 1795, when Chemnitz described “Buccina maroccana”, later
synonymized with Melanopsis maroccana by Morelet in 1853 [125]. Since then, the number of
described and recorded species has progressively increased, and the rate of new discoveries
has remained comparatively high relative to other countries of the Maghreb.

Moroccan freshwater molluscs are overwhelmingly dominated by Palearctic elements,
primarily of Mediterranean affinity, and exhibiting a high level of endemism—patterns
that closely parallel those reported for other freshwater faunal groups [3,126,127]. Most
species inhabit regions subject to climatic influences from both the Atlantic Ocean and
the adjacent European continent, resulting in pronounced biogeographical affinities with
European malacofauna [32,128,129]. In contrast, Afro-tropical invertebrate elements are
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comparatively rare, highlighting the strong Palearctic signature of Morocco’s freshwater
ecosystems. These findings underscore the importance of northern and Mediterranean-
influenced regions as key reservoirs of freshwater biodiversity within the country.

Indeed, freshwater molluscan hotspots are mainly concentrated in the northern
Mediterranean part of the country, where protected wetlands are particularly abundant,
notably in the Middle Atlas region. This distribution pattern likely reflects the greater avail-
ability of surface water in northern Morocco when compared with the more arid southern
regions. However, it may also partly result from a sampling bias, as a larger number of
malacological surveys have historically been conducted in the northern part of the country.
Our findings further highlight the key role of protected areas in preserving biodiversity, as
they represent a fundamental component of conservation strategies aimed at mitigating
biodiversity loss [130]. Nevertheless, the current network of protected areas alone may not
be sufficient to ensure the long-term conservation of freshwater molluscs, particularly in
the face of increasing pressures and ongoing environmental changes, highlighting the need
for strengthened and timely conservation actions.

4.2. Threats and Conservation Concerns
4.2.1. Lack of Knowledge

The conservation assessment of Moroccan freshwater molluscs highlights a particu-
larly concerning situation, with a substantial proportion of species facing different levels of
extinction risk. Among the 106 recorded species, 16 are classified as Critically Endangered
and five as Endangered according to the IUCN Red List, indicating the high vulnerability
of freshwater ecosystems in Morocco. The presence of only two Vulnerable species and
one Near Threatened species suggests that many taxa may already be experiencing severe
population declines before intermediate threat categories are reached. Although 37 species
are currently categorized as Least Concern, the large number of species listed as Not Evalu-
ated (40 species) and Data Deficient (five species) underlines the important gaps that still
exist in the knowledge of Moroccan freshwater malacofauna. These results emphasize the
urgent need for additional taxonomic, ecological, and conservation studies, particularly
for poorly known and endemic taxa, in order to improve conservation assessments and
support effective freshwater biodiversity management strategies in the region.

Our study reveals a substantial gap between the number of recorded species and
the number of studies addressing their phylogenetic relationships and evolutionary lin-
eages. Of the 106 taxa documented, only 30 have been investigated using molecular
approaches [30-32,44,47,55,75,76,105], highlighting a critical need for further genetic re-
search. This is particularly relevant for widely distributed species such as Armiger crista,
Planorbis planorbis, Stagnicola palustris, etc. These taxa may harbour regionally distinct or
previously unrecognized genetic lineages [131].

In some cases, entire families require comprehensive taxonomic reassessment. This
is particularly evident in the family Melanopsidae, which includes the largest number of
taxa with uncertain status awaiting clarification. The family is currently the subject of an
integrative taxonomic revision that combines molecular, morphological, and biogeographic
data. Such approaches are expected to clarify species boundaries within the group and
may lead to the recognition of additional, previously overlooked species. The Truncatelloid
families such as Hydrobiidae or Moitessieriidae are characteristic of the presence of diverse
microendemic species, which can only be detected by intensive field work and by sampling
the particular springs, caves, wells or drills, by pumping the hyporheic water, etc.

The stygobiotic habitats of Morocco are represented by caves and karst conduits
with karst springs and large aquifers based on non-karstic fissures and on young porous
sediments such as alluvia and their interstitial spaces. The adaptations to the hypogean
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environment are coupled with loss of the eyes and pigment, and the organisms adapt to the
hypogean food sources through an entirely stygobiotic life cycle and are only incidentally
washed out to the surface through springs or wells. The extent of suitable stygobiont habi-
tats in Morocco is remarkable (Figure 1) and its diverse habitats, geology and hydrogeology,
together with their fragmentation, indicate a high potential for stygofauna in Morocco,
including a high potential for the presence of stygogastropoda. Most of the stygobiotic
animals represent ancient climatic relicts trapped in the hypogean environment during
different eons and surviving several periods of desertification while their surface relatives
became extinct [132]. The relatively low number of reported species [15] rather reflects
the low sampling rate dedicated to hypogean animals, together with a lack of projects
supporting the systematic study of the subject. The successful sampling for stygobiotic
gastropods requires a deep knowledge of hydrogeology and potential habitats or thanato-
coenosis identification, together with specific sampling methods [133], resulting mostly in
the detection of empty shells, while unpredictably and laboriously yielding only a few live
individuals. Nevertheless, the recent fieldwork provided clear indications for the presence
of this hidden biodiversity (see Figure 4). We are confident that future systematic research
could reveal a stygobiotic molluscan diversity hotspot in the Atlas Mountains comparable
to the other hotspots known in the Mediterranean Basin such as in the Dinaric Karst.

4.2.2. Contaminants & Liquid Pollution

In Morocco, freshwater ecosystems are increasingly exposed to multiple anthropogenic
pressures that degrade water quality and threaten aquatic biodiversity, including freshwa-
ter molluscs. Agricultural intensification in major irrigated plains such as Gharb, Tadla,
and Souss has led to significant inputs of fertilizers and pesticides into rivers, reservoirs,
and aquifers. Runoff and leaching processes transport nitrates, phosphates, and agro-
chemical residues into aquatic systems, often resulting in eutrophication and deterioration
of physicochemical conditions. In several Moroccan basins, including Moulouya, Sebou
and Oum Er-Rbia, elevated nitrate concentrations and other pollutants have been widely
reported, largely associated with agricultural drainage and untreated wastewater dis-
charges [134-137]. Groundwater and surface water contamination by nitrates has also been
documented in various areas of Morocco, where intensive agriculture and human activities
have led to concentrations exceeding the recommended drinking-water limits [138,139].
Urban and industrial effluents represent an additional major source of pollution. In several
Moroccan cities, untreated or partially treated domestic and industrial wastewater is still
discharged into rivers, contributing organic matter, nutrients, and toxic substances, which
then accumulate in sediments and subsequently degrade aquatic habitats. This situation
is particularly evident in large river basins, where industrial activities and urban growth
have significantly deteriorated water quality and negatively affected aquatic biodiver-
sity [140,141]. The pollution of springs is frequently coupled with animal farming, where a
large number of farm animals attracted by water can entirely destroy the natural spring
habitat. Mechanical pollution by municipal waste or waste from recreational visitors is also
frequently observed.

4.2.3. Habitat Destruction & Loss

In addition to chemical pollution, freshwater habitats in Morocco are increasingly
impacted by hydrological modifications, land-use changes, and progressive desiccation.
Large-scale water abstraction for irrigation, dam construction, river channelization, and
wetland drainage has altered natural flow regimes, sediment dynamics, and habitat hetero-
geneity, resulting in the fragmentation of aquatic environments and reduction of suitable
microhabitats containing benthic organisms such as freshwater molluscs [142]. Morocco’s
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semi-arid to arid climate, combined with rising temperatures, declining precipitation, and
recurrent droughts, further exacerbates water scarcity, leading to seasonal or permanent
drying of streams, springs, and entire wetlands [143,144]. Climate projections suggest
that these trends will intensify, reducing river flows, groundwater recharge, and wetland
surfaces, while increasing evapotranspiration. The resulting hydrological stress fragments
populations, limits their dispersal, and heightens the risk of local extinction of freshwa-
ter molluscs. In basins such as the Tensift, Souss-Massa, and Moulouya, the combined
effects of climate change, overexploitation of water resources, and groundwater depletion
are driving the gradual loss of freshwater habitats and the decline of associated aquatic
communities [143,145]. Destruction of spring habitats by various constructions such as
reservoirs, installation of a pumping station, fountains, fishponds and swimming pools is
also frequently observed during fieldwork. Groundwater changes are also detected after
water exhaustion due to mining and quarrying activities. Climatic changes coupled with
lower rainfall and precipitation are gradually decreasing the supply of groundwater, and
as a consequence, many of the springs have lost their water during the past decade.

4.2.4. Biological Invasion

The introduction and spread of non-native species represent an additional and increas-
ing threat to freshwater ecosystems in Morocco. In addition to the alien mollusc species
reported here (e.g., Physella acuta, Potamopyrgus antipodarum, and Sinanodonta woodiana),
overall, at least another 44 confirmed alien and invasive animal species have been recorded
from Moroccan inland waters, several of which are ranked among the top 100 worst inva-
sive species worldwide, including Micropterus salmoides (Lacépede, 1802), Cyprinus carpio
(Linnaeus, 1758), Gambusia holbrooki (Girard, 1859), Oncorhynchus mykiss (Walbaum, 1792)
and Trachemys scripta elegans (Wied, 1839) [101]. Most of these alien species are concentrated
in the Mediterranean or northern part of the country, with the highest number of records
coming from the Middle Atlas (upper Sebou River basin), followed by the northern part of
the eastern regions (downstream Moulouya River and Marchica wetlands), which coincide
closely with the freshwater mollusc hotspots reported in this study.

These alien aquatic species may compete with or displace native fauna, alter food webs,
and impact ecosystem functioning. The risk of biological invasions is further amplified
by environmental disturbances such as pollution, habitat degradation, and global change,
which often favour opportunistic non-native species over the more specialized native taxa.
In this context, the notorious invasive American blue crab Callinectes sapidus (Rathbun, 1896)
has already exploited the salinization of Moroccan rivers to migrate upstream, potentially
causing the local extinction of endemic freshwater species. For example, the last populations
of Unio foucauldianus were completely extirpated in 2024 in certain areas of the Moulouya
River [146].

5. Conclusions

Overall, the combined effects of water pollution, habitat degradation, hydrological
alterations, climate-induced drying of aquatic systems, and the spread of invasive species
represent major threats to freshwater ecosystems in Morocco. These pressures are likely
to intensify in the coming decades as water demand increases and climatic conditions
become more arid, potentially accelerating the decline of aquatic biodiversity. Freshwater
molluscs are particularly vulnerable to such changes because many species have narrow
ecological requirements, limited dispersal capacities, and a strong dependence on stable
aquatic habitats. The microendemic species are especially sensitive to such combined
environmental impacts. Despite their ecological importance as components of benthic
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communities, freshwater molluscs in Morocco remain poorly studied, and information on
their distribution, ecology, and conservation status is still fragmentary.

In this context, there is an urgent need to intensify research efforts on Moroccan
freshwater molluscs as bio-indicators through comprehensive field surveys, taxonomic
and molecular studies and long-term ecological monitoring programs. Such investigations
are essential in order to improve our understanding of species’ diversity, distribution
patterns, and population dynamics, and to identify taxa that may already be threatened or
at risk of extinction. Strengthening scientific knowledge will also support the development
of effective conservation strategies and water-management policies aimed at both the
preservation and conservation-management of freshwater habitats and their associated
biodiversity. Without increased field research and monitoring efforts, many native mollusc
species may decline or completely disappear before their ecological roles and conservation
value are fully recognized.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su18115637/s1, Supplementary Materials (Database of compiled
occurrence records, including GPS coordinates, sampling dates, and references) supporting the
conclusions of this article will be made available by the first author upon request.

Author Contributions: Conceptualization, Y.M., ].G. and FA.T.; methodology, YM. and FA.T,;
software, ].G. and F.A.T.; validation, formal analysis, investigation, YM. and F.A.T.; resources, data
curation, Y.M. and F.A.T.; writing—original draft preparation, YM. and FA.T.; writing—review and
editing, visualization, supervision, Y.M. and J.G. All authors have read and agreed to the published

version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the first author upon request.

Acknowledgments: We would like to express our sincere gratitude to the Editor and the Reviewers
for their helpful and constructive comments, which have greatly improved the manuscript. We would
like to sincerely thank Brian Lewarne for his careful and thorough revision of the English language in
the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Belhaj, A.; Pallarés, S.; Bennas, N.; Chergui, B.; Sdnchez Fernandez, D. Towards the identification of hotspots of freshwater
biodiversity in North Western Africa: A case study using species distribution models for water beetles in Morocco. Glob. Ecol.
Conserv. 2023, 43, €02441. [CrossRef]

Doadrio, I. Freshwater fish fauna of North Africa and its biogeography. Ann. Musee. Roy. Afr. Centr. Ser. 1994, 8, 21-34.

El Alami, M.; El Yaagoubi, S.; Gattolliat, J.-L.; Sartori, M.; Dakki, M. Diversity and Distribution of Mayflies from Morocco
(Ephemeroptera, Insecta). Diversity 2022, 14, 498. [CrossRef]

TUCN. The Conservation Status of Freshwater Species and Habitats in Key Biodiversity Areas at the Sebou River Basin; IUCN: Gland,
Switzerland, 2022.

Benamar, L.; Bennas, N.; Hassoun, M.; Millan, A. Threatened endemic water beetles from Morocco. J. Insect Conserv. 2021, 25,
465-477. [CrossRef]

Ennabili, A.; Libiad, M.; Haissoufi, M.E.; Khabbach, A.; Bennas, N. Biodiversity, change, and use of Moroccan wetlands. In
Wetlands of Tropical and Sub-Tropical Asia and Africa; Finlayson, A., Finlayson, C.M., Milton, G.R., Eds.; Springer: Cham, Switzerland,
2025; pp. 265-296.

Strong, E.E.; Gargominy, O.; Ponder, W.F.; Bouchet, P. Global diversity of gastropods (Gastropoda; Mollusca) in freshwater.
Hydrobiologia 2008, 595, 149-166. [CrossRef]

https://doi.org/10.3390/su18115637


https://www.mdpi.com/article/10.3390/su18115637/s1
https://www.mdpi.com/article/10.3390/su18115637/s1
https://doi.org/10.1016/j.gecco.2023.e02441
https://doi.org/10.3390/d14060498
https://doi.org/10.1007/s10841-021-00314-x
https://doi.org/10.1007/s10750-007-9012-6
https://doi.org/10.3390/su18115637

Sustainability 2026, 18, 5637 15 of 20

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Dillon, R.T. The Ecology of Freshwater Molluscs; Cambridge University Press: Cambridge, UK, 2000.

Vaughn, C.C.; Hakenkamp, C.C. The functional role of burrowing bivalves in freshwater ecosystems. Freshw. Biol. 2001, 46,
1431-1446. [CrossRef]

Vaughn, C.C. Ecosystem services provided by freshwater mussels. Hydrobiologia 2018, 810, 15-27. [CrossRef]

Bogan, A.E. Global diversity of freshwater mollusks (Gastropoda; Bivalvia) in freshwater. Hydrobiologia 2008, 595, 139-147.
[CrossRef]

Lopes-Lima, M.; Bolotov, LN.; Do, V.T.; Aldridge, D.C.; Fonseca, M.M.; Gan, H.M.; Gofarov, M.Y.; Kondakov, A.V.; Prié, V.; Sousa,
R.; et al. Expansion and systematics redefinition of the most threatened freshwater mussel family, the Margaritiferidae. Mol.
Phylogenet. Evol. 2018, 127, 98-118. [CrossRef] [PubMed]

Lydeard, C.; Cowie, R.H.; Ponder, W.E; Bogan, A.E.; Bouchet, P; Clark, S.A.; Cummings, K.S.; Frest, T.].; Gargominy, O.; Herbert,
D.G.; et al. The global decline of nonmarine mollusks. BioScience 2004, 54, 321-330. [CrossRef]

Dudgeon, D.; Arthington, A.H.; Gessner, M.O.; Kawabata, Z.I.; Knowler, D.J.; Lévéque, C.; Naiman, R.J.; Prieur Richard, A.H.;
Soto, D.; Stiassny, M.L.].; et al. Freshwater biodiversity: Importance, threats, status and conservation challenges. Biol. Rev. 2006,
81, 163-182. [CrossRef]

Schmidt-Kloiber, A.; De Wever, A. Biodiversity and freshwater information systems. In Riverine Ecosystem Management, Aquatic
Ecology Series; Schmutz, S., Sendzimir, ., Eds.; Springer: Cham, Switzerland, 2018; Volume 8, pp. 391—412. [CrossRef]

Margat, J.; Vallée, D. Mediterranean Vision on Water, Population and the Environment for the 21st Century; Plan Bleu (Regional Activity
Centre for the Mediterranean Action Plan): Marseille, France, 1999.

Snoussi, M.; Haida, S.; Imassi, S. Effects of the construction of dams on the Moulouya and the Sebou rivers (Morocco). Regul.
Rivers Res. Manag. 2002, 18, 479-492.

Chaponniére, A.; Smakhtin, V. A Review of Climate Change Scenarios and Preliminary Rainfall Trend Analysis in the Oum Er
Rbia Basin, Morocco; International Water Management Institute (IWMI): Colombo, Sri Lanka, 2006; p. 16. Available online:
https:/ /hdl.handle.net/10568 /39206 (accessed on 1 May 2026).

Ahuir Galindo, ]. New Melanopsis from Morocco. Malacol. Mostra Mond. 2014, 85, 7-8.

Ahuir Galindo, ]. New Melanopsis from Morocco. Malacol. Mostra Mond. 2016, 90, 26-28.

Ahuir Galindo, J. A new species of Theodoxus (Gastropoda: Neritidae) from Morocco. Visaya 2020, 5, 41-45.

Aksissou, M. Dynamique des populations d’Orchestia gammarellus (Pallas, 1766)—Crustacea, Amphipoda, Talitridae-du littoral
méditerranéen du Maroc occidental et impact des aménagements. Ph.D. Thesis, Université Abdelmalek Essaadi, Tétouan,
Morocco, 1997.

Backhuys, W.; Boeters, H.D. Zur Kenntnis marokkanischer Binnenmollusken, I. Arch. Molluskenkd. 1974, 104, 107-114.

Barkia, H.; Barkia, A.; Yacoubi, R.; El Guamri, Y.; Tahiri, M.; El Kharrim, K.; Belghyti, D. Distribution of Fresh Water Mollusks of
the Gharb Area (Morocco). Environments 2014, 1, 4-13. [CrossRef]

Belfaiza, M.; Moncef, M.; Rondelaud, D. Premieres investigations sur les populations de Galba truncatula (Mollusca Gastropoda:
Lymnaeidae), le mollusque hote de Fasciola hepatica, dans le secteur irrigué des Doukkala (nord-ouest du Maroc). Rev. Med. Vet.
2005, 156, 606-611.

Balahbib, A. Préparation de la Certification de L’élimination de la Bilharziose Urinaire au Maroc. Doctoral Dissertation, Faculté
des Sciences de Rabat, Rabat, Morocco, 2021.

Berrady, I.; Essafi, K.; Mathieu, ]J. Comparative physico-chemical and faunal studies of two thermal springbrooks near Sidi
Harazem (Morocco). Int. J. Limnol. 2000, 36, 261-274. [CrossRef]

Berrahou, A.; Cellot, B.; Richoux, P. Distribution longitudinale des macroinvertébrés benthiques de la Moulouya et de ses
principaux affluents (Maroc). Int. J. Limnol. 2001, 37, 223-235. [CrossRef]

Bodon, M.; Ghamizi, M.; Giusti, F. The Moroccan stygobiont genus Heideella (Gastropoda, Prosobranchia: Hydrobiidae). Basteria
1999, 63, 89-105.

Boulaassafer, K.; Ghamizi, M.; Delicado, D. The genus Mercuria Boeters, 1971 in Morocco: First molecular phylogeny of the genus
and description of two new species (Caenogastropoda, Truncatelloidea, Hydrobiidae). ZooKeys 2018, 782, 95-128. [CrossRef]
Boulaassafer, K.; Ghamizi, M.; Machordom, A.; Delicado, D. Phylogenetic relationships within Pseudamnicola Paulucci, 1878
(Caenogastropoda: Truncatelloidea) indicate two independent dispersal events from different continents to the Balearic Islands.
Syst. Biodivers. 2020, 18, 396-416. [CrossRef]

Boulaassafer, K.; Ghamizi, M.; Machordom, A.; Albrecht, C.; Delicado, D. Hidden species diversity of Corrosella Boeters, 1970
(Caenogastropoda: Truncatelloidea) in the Moroccan Atlas reveals the ancient biogeographic link between North Africa and
Iberia. Org. Divers. Evol. 2021, 21, 393-420. [CrossRef]

Boutoumit, S. Benthic Ecosystems of Moroccan Lagoons: Biodiversity and Functioning in the Light of Current Global Changes.
Doctoral Dissertation, Université de Nantes & Université Mohammed V, Rabat, Morocco, 2021.

Chlyeh, G.; Dodet, M.; Delay, B.; Khallaayoune, K.; Jarne, P. Spatio-temporal distribution of freshwater snail species in relation to
migration and environmental factors in an irrigated area from Morocco. Hydrobiologia 2006, 553, 129-142. [CrossRef]

https://doi.org/10.3390/su18115637


https://doi.org/10.1046/j.1365-2427.2001.00771.x
https://doi.org/10.1007/s10750-017-3139-x
https://doi.org/10.1007/s10750-007-9011-7
https://doi.org/10.1016/j.ympev.2018.04.041
https://www.ncbi.nlm.nih.gov/pubmed/29729933
https://doi.org/10.1641/0006-3568(2004)054[0321:TGDONM]2.0.CO;2
https://doi.org/10.1017/S1464793105006950
https://doi.org/10.1007/978-3-319-73250-3_20
https://hdl.handle.net/10568/39206
https://doi.org/10.3390/environments1010004
https://doi.org/10.1051/limn/2000024
https://doi.org/10.1051/limn/2001020
https://doi.org/10.3897/zookeys.779.26797
https://doi.org/10.1080/14772000.2020.1771466
https://doi.org/10.1007/s13127-021-00490-3
https://doi.org/10.1007/s10750-005-0968-9
https://doi.org/10.3390/su18115637

Sustainability 2026, 18, 5637 16 of 20

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

57.

58.

Clavero, M.; Araujo, R.; Calzada, J.; Delibes, M.; Ferndandez, N.; Gutiérrez-Expésito, C.; Revilla, E.; Romdn, J. The first invasive
bivalve in African fresh waters, invasion portrait and management options. Aquat. Conserv. Mar. Freshw. Ecosyst. 2012, 22,
277-280. [CrossRef]

El Joubari, M.; Hajji, K.; Himmi, O.; El Alami, M.; El Agbani, M.A.; Louah, A. Etude des Macroinvertébrés (Gastéropodes,
Dipteres et Odonates) des marais de Smir-Restinga (Nord-Ouest du Maroc). Faun. Entomol. 2015, 68, 17-31.

Gauthier, H. Enquéte sur la répartition en Algérie des Mollusques susceptibles de véhiculer la bilharziose vésicale. Arch. Inst.
Pasteur Alger. 1934, 12, 305-350.

Ghamizi, M. Les Mollusques des eaux continentales du Maroc: Systématique et Bioécologie. Doctoral Dissertation, Faculté des
Sciences Semlalia, Université Cadi Ayyad, Marrakech, Morocco, 1998.

Ghamizi, M.; Boulal, M. New stygobiont snail from groundwater of Morocco (Gastropoda: Moitessieriidae). Ecol. Montenegrina
2017, 10, 11-13. [CrossRef]

Ghamizi, M. New stygobiont genus and new species (Gastropoda, Hydrobiidae) from the Rif (Morocco). Ecol. Montenegrina 2020,
31, 50-56. [CrossRef]

Ghamizi, M.; Vala, J.-C.; Bouka, H. Le genre Pseudamnicola au Maroc avec description de Pseudamnicola pallaryi n. sp. (Gastropoda:
Hydrobiidae). Haliotis 1997, 26, 33—49.

Ghamizi, M.; Idaghdour, M.; Mouahid, G.; Vala, J.-C.; El Ouali, M. Chevauchement des habitats entre Melanopsis praemorsa Linné
(Gastropoda; Melanopsidae) et les autres mollusques des eaux douces des canaux d’irrigation du Haouz de Marrakech (Maroc).
Rev. Fac. Sci. Mar. 1997, 9, 21-31.

Ghamizi, M.; Bodon, M.; Boulal, M.; Giusti, F. Atebbania bernasconii, a new genus and species from subterranean waters of the
Tiznit plain, southern Morocco (Gastropoda: Hydrobiidae). . Molluscan Stud. 1999, 65, 89-98. [CrossRef]

Ghamizi, M.; Falniowski, A.; Boudellah, A.; Hofman, S.; El Rharras, A.; Assad, N.; Moutaouakil, S.; Jaszczyriska, A. Two new
genera and species of the valvatiform hydrobiid snails (Caenogastropoda: Truncatelloidea: Hydrobiidae) from Morocco. Zootaxa
2024, 5418, 223-239. [CrossRef]

Giudicelli, J.; Dakki, M. Les sources du Moyen Atlas et du Rif (Maroc): Faunistique (description de deux especes nouvelles de
Trichopteres), écologie, intérét biogéographique. Contrib. Zool. 1984, 54, 83-100. [CrossRef]

Gloer, P.; Boeters, H.D.; Walther, F. Species of the genus Mercuria Boeters, 1971 (Caenogastropoda: Truncatelloidea: Hydrobiidae)
from the European Mediterranean Region, Morocco and Madeira, with descriptions of new species. Folia Malacol. 2015, 23,
279-291. [CrossRef]

Gomes-dos-Santos, A.; Froufe, E.; Gongalves, D.V.; Sousa, R.; Prié, V.; Ghamizi, M.; Benaissa, H.; Varandas, S.; Teixeira, A.;
Lopes-Lima, M. Freshwater conservation assessments in (semi-)arid regions: Testing river intermittence and buffer strategies
using freshwater mussels (Bivalvia, Unionida) in Morocco. Biol. Conserv. 2019, 236, 420-434. [CrossRef]

Khallaayoune, K.; Laamrani, H. Seasonal patterns in the transmission of Schistosoma haematobium in Attaouia, Morocco. J. Helmint.
1992, 66, 89-95. [CrossRef]

Kharboua, M. Ecologie des mollusques dulcaquicoles de la meseta cotiere marocaine. In Thése de 3e Cycle; Faculté des Sciences:
Marrakech, Morocco, 1988.

Kharboua, M. Ecologie et Biologie des Mollusques Dulcicoles et état Actuel de la Bilharziose dans le Maroc Oriental. Ph.D. Thesis,
University of Mohamed I, Oujda, Morocco, 1994.

Kuiper, J.G. Une récolte de Pisidium dans le Moyen Atlas. Basteria 1972, 36, 2-5.

Laamrani, H.; Khallayoune, K.; Delay, B.; Pointier, J.P. Factors affecting the distribution and abundance of two prosobranch snails
in a thermal spring. J. Freshw. Ecol. 1997, 12, 75-87. [CrossRef]

Laghroubi, M.M.; Laamrani, H.; Khallaayoune, K.; Ghamizi, M.; Dalal, A.; Boelee, E. The role of human activities in the
transmission of stomach flukes Paramphistomum microbothrium (Fishoeder, 1901) (Trematoda: Paramphistomatidae) in Tessaout
amont irrigation scheme, Central Morocco. Rev. Marocaine Sci. Agron. Vétérinaires 2003, 23, 81-86.

Maamri, A.; Pattee, E.; Dolédec, S.; Chergui, H. The benthic macroinvertebrate assemblages in the Zegzel-Cherraa, a partly
temporary river system, Eastern Morocco. Ann. Limnol.-Int. ]. Lim. 2005, 41, 247-257. [CrossRef]

Mahulu, A.; Clewing, C.; Stelbrink, B.; Chibwana, ED.; Tumwebaze, I.; Stothard, J.R. Cryptic intermediate snail host of the liver
fluke Fasciola hepatica in Africa. Parasites Vectors 2019, 12, 573. [CrossRef]

Magboul, A.; Aoujdad, R; Fadli, M.; Driouch, A.; Rhiat, M. Biodiversity and distribution of freshwater molluscs in superficial
waters of Ouergha watershed (Morocco). J. Biodivers. Environ. Sci. 2013, 3, 108-115.

Moukrim, A.; Rondelaud, D. Vertical spatial behaviour patterns of Lymnaea truncatula in relation with origin of snails, infection
with Fasciola hepatica, and experimental environment. Ann. Parasitol. Hum. Comp. 1992, 67, 174-179. [CrossRef]

Nahli, A.; Hebabaze, S.; Belmatrik, S.; Chlaida, M. Preliminary physicochemical diagnosis of water quality of Hassar stream
after installing the waste water treatment plant (WWTP) of Mediouna (Casablanca, Morocco). Int. ]. Innov. Appl. Stud. 2015, 13,
965-978.

https://doi.org/10.3390/sul18115637


https://doi.org/10.1002/aqc.2231
https://doi.org/10.37828/em.2017.10.2
https://doi.org/10.37828/em.2020.31.11
https://doi.org/10.1093/mollus/65.1.89
https://doi.org/10.11646/zootaxa.5418.3.2
https://doi.org/10.1163/26660644-05401007
https://doi.org/10.12657/folmal.023.024
https://doi.org/10.1016/j.biocon.2019.05.038
https://doi.org/10.1017/S0022149X00012645
https://doi.org/10.1080/02705060.1997.9663510
https://doi.org/10.1051/limn/2005017
https://doi.org/10.1186/s13071-019-3825-9
https://doi.org/10.1051/parasite/1992676174
https://doi.org/10.3390/su18115637

Sustainability 2026, 18, 5637 17 of 20

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

El Ouali, E.; Ghamizi, M.; Mouahid, A.; Moné, H. Croissance et reproduction de Bulinus truncatus (Gastropoda: Planorbidae) en
compétition intraspécifique et interspécifique avec Melanopsis praemorsa (Gastropoda: Melanopsidae). Ann. Limnol. 1999, 35,
41-47. [CrossRef]

Paladilhe, A. Etude sur les coquilles terrestres et fluviatiles rapportées du Maroc par le Dr Bleicher. Rev. Mag. Zool. 1875, 3,
75-101.

Pallary, P. Récoltes malacologiques du capitaine Paul Martel dans la partie septentrionale du Maroc. J. Conchyliol. 1920, 65, 1-39.
Pallary, P. Faune malacologique du Grand Atlas. J. Conchyliol. 1922, 66, 89-154.

Pallary, P. Deuxiéme complément a la faune malacologique de la Berbérie. |. Conchyliol. 1936, 80, 5-65.

Projet Wadi. Biodiversité et Qualité Biologique des Bassins Versants Laou & Tahaddart: Résultats Préliminaires; 2008-INCO-CT-2005-
015226; Firenze University Press: Florence, Italy, 2008.

Qninba, A.; Semlali, M.L.; Pariselle, A.; Himmi, O. Sebkhat Imlili (Région Dakhla-Oued Eddahab): Une Zone Humide Saharienne
Relique; Institut Scientifique, Université Mohammed V de Rabat: Rabat, Morocco, 2020.

Ramdani, M.; Dakki, M.; Kharboua, M.; El Agbani, M.A.; Metge, G. Les Gastéropodes dulcicoles du Maroc: Inventaire commenté.
Bull. Inst. Sci. 1987, 11, 135-140.

Rassam, H.; Benaissa, H.; Ghamizi, M. Révision de la collection de référence des bivalves d’eau douce déposée a I'Institut
Scientifique de Rabat. Bull. Inst. Sci. 2021, 43, 1-7.

Rassam, H.; Ghamizi, M.; Benaissa, H.; Clewing, C.; Albrecht, C. The fingernail clams (Bivalvia: Veneroida: Sphaeriidae) of
Morocco: Diversity, distribution and conservation status. Biodivers. Data ]. 2021, 9, e73346. [CrossRef]

Saoud, Y.; Ramdani, M.; Louah, A. Apercu sur la faune malacologique des eaux continentales du Rif occidental (N-W du Maroc).
Bull. Inst. Sci. 1995, 19, 65-70.

Touabay, M.; Aouad, N.; Mathieu, J. Etude hydrobiologique d’un cours d’eau du Moyen-Atlas: L’oued Tizguit (Maroc). Ann.
Limnol.-Int. ]. Limnol. 2002, 38, 65-80. [CrossRef]

Touhami, F. Benthic macrofauna in the Loukkos Estuary, Morocco: Patterns and evironmental drivers. Ecologies 2025, 6, 53.
[CrossRef]

van Damme, D. The Freshwater Mollusca of Northern Africa: Distribution, Biogeography and Palaeoecology; Dr. W. Junk Publishers:
Dordrecht, The Netherlands, 1984.

Zerrouk, M. Evolution des Communautés Benthiques d’un Cours d’eau Méditerranéen, le Haut Sebou (Moyen Atlas Maroc)
entre 1981 et 2017: Effet des Changements Globaux. Doctoral Dissertation, Université Mohammed V Rabat, Rabat, Morocco, 2021.
Zekhnini, A.; Yacoubi, B.; Moukrim, A.; Rondelaud, D. Effect of a short period of desiccation during the patent period on cercarial
shedding of Schistosoma haematobium from Planorbarius metidjensis. Parasitol. Res. 2002, 88, 768-771. [CrossRef] [PubMed]
Bespalaya, Y.V.; Aksenova, O.V,; Babushkin, E.; Gofarov, M.Y.; Kondakov, A.V.; Konopleva, E.S.; Kropotin, A.V.; Mabrouki, Y.;
Taybi, A.F,; Palatov, D.M.; et al. Phylogeny, taxonomy, and biogeography of the Sphaeriinae (Bivalvia: Sphaeriidae). Zool. J. Linn.
Soc. 2024, 201, 305-338. [CrossRef]

Bespalaya, Y.V.; Kropotin, A.V.; Aksenova, O.V.; Gofarov, M.Y.; Kondakov, A.V.; Konopleva, E.S.; Khrebtova, 1.S.; Mabrouki,
Y.; Palatov, D.M.; Prokin, A.A; et al. Global Molecular Taxonomy, Phylogeny and Biogeography of the Clam Genus Corbicula
(Bivalvia: Cyrenidae). Zool. Scr. 2026, 55, 74-101. [CrossRef]

Gloer, P.; Mabrouki, Y.; Taybi, A.F. A new genus and two new species (Gastropoda, Hydrobiidae) from Morocco. Ecol. Montenegrina
2020, 28, 1-6. [CrossRef]

Gloer, P.; Mabrouki, Y.; Taybi, A.F. Two new valvatoid genera (Gastropoda, Hydrobiidae) from Morocco. Ecol. Montenegrina 2020,
30, 124-128. [CrossRef]

Mabrouki, Y.; Taybi, A.F. The first record of the invasive Chinese pond mussel Sinanodonta woodiana (Lea, 1834) (Bivalvia:
Unionidae) in the African continent. Nat. Croat. 2022, 31, 393-398. [CrossRef]

Mabrouki, Y.; Taybi, A.F.; Gloer, P. New additions to gastropod fauna (Gastropoda: Hydrobiidae, Lymnaeidae) of Morocco. Ecol.
Montenegrina 2020, 31, 40—44. [CrossRef]

Mabrouki, Y.; Taybi, A.E; Gloer, P. Two new species of the genera Islamia and Mercuria (Gastropoda, Hydrobiidae) from Morocco.
Ecol. Montenegrina 2021, 39, 76-80. [CrossRef]

Mabrouki, Y.; Taybi, A.F,; Gloer, P. Further records of freshwater Gastropods (Mollusca: Hydrobiidae, Lymnaeidae, Planorbidae)
from Morocco. Bonn. Zool. Bull. 2021, 70, 273-279. [CrossRef]

Mabrouki, Y.; Gloer, P.; Taybi, A.F. Idrisiella bourkaizensis gen. et sp.n., a new valvatoid snail (Gastropoda: Hydrobiidae) from
Morocco. Invertebr. Zool. 2022, 19, 18-23. [CrossRef]

Mabrouki, Y.; Gloer, P; Taybi, A.F. Ifrania bahhouensis sp. n. a new valvatiform snail (Gastropoda, Hydrobiidae) from Morocco.
Acta Zool. Acad. Sci. Hung. 2022, 68, 313-319. [CrossRef]

Mabrouki, Y.; Gloer, P; Taybi, A.F. Mahrazia benlemlihi gen. et sp. nov., a new subterranean snail (Gastropoda: Hydrobiidae) from
Morocco. Bonn. Zool. Bull. 2022, 71, 204-208. [CrossRef]

https://doi.org/10.3390/sul18115637


https://doi.org/10.1051/limn/1999011
https://doi.org/10.3897/BDJ.9.e73346
https://doi.org/10.1051/limn/2002007
https://doi.org/10.3390/ecologies6030053
https://doi.org/10.1007/s00436-002-0663-y
https://www.ncbi.nlm.nih.gov/pubmed/12122436
https://doi.org/10.1093/zoolinnean/zlad139
https://doi.org/10.1111/zsc.70022
https://doi.org/10.37828/em.2020.28.1
https://doi.org/10.37828/em.2020.30.12
https://doi.org/10.20302/NC.2022.31.28
https://doi.org/10.37828/em.2020.31.8
https://doi.org/10.37828/em.2021.39.8
https://doi.org/10.20363/BZB-2021.70.2.273
https://doi.org/10.15298/invertzool.19.1.03
https://doi.org/10.17109/AZH.68.4.313.2022
https://doi.org/10.20363/BZB-2022.71.2.204
https://doi.org/10.3390/su18115637

Sustainability 2026, 18, 5637 18 of 20

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Mabrouki, Y.; Gloer, P; Taybi, A.F. Gyraulus marocana sp. nov., a new freshwater snail species (Mollusca, Gastropoda, Planorbidae)
from Morocco. Nat. Conserv. Res. 2022, 7,96-100. [CrossRef]

Mabrouki, Y.; Taybi, A.F.; Gloer, P. New data and records of the genus Theodoxus in Morocco (Gastropoda: Neritidae). Nat. Croat.
2023, 32, 143-148. [CrossRef]

Mabrouki, Y.; Gloer, P.; Taybi, A.F. The Theodoxus Montfort, 1810 species of North Africa (Gastropoda: Neritidae) with the
description of a new species. Invertebr. Zool. 2023, 20, 401-410. [CrossRef]

Mabrouki, Y.; Gloer, P.; Taybi, A.F. The valvatiform hydrobiids of Morocco with description of a new genus and species. Zoosyst.
Ross. 2023, 32, 116-123. [CrossRef]

Mabrouki, Y.; Taybi, A.F; Gloer, P. The first record of the North American freshwater limpet Ferrissia californica (Mollusca,
Gastropoda) in Morocco. Nat. Conserv. Res. 2023, 8, 108-112. [CrossRef]

Mabrouki, Y.; Taybi, A.E.; Gloer, P. First record of fountain bladder snail Physa fontinalis (Linnaeus, 1758) in Morocco. Folia Malacol.
2024, 32, 71-75. [CrossRef]

Taybi, A.F.,; Mabrouki, Y.; Ghamizi, M.; Berrahou, A. The freshwater malacological composition of Moulouya’s watershed and
Oriental Morocco. J. Mater. Environ. Sci. 2017, 8, 1401-1416.

Taybi, A.F; Mabrouki, Y.; Gloer, P. First record of the New Zealand mudsnail Potamopyrgus antipodarum (J.E. Gray, 1843) (Tateidae,
Mollusca) in Africa. Graellsia 2021, 77, e140. [CrossRef]

Taybi, A.E,; Gloer, P.; Mabrouki, Y. Description of a new valvatoid Pikasia smenensis n. gen. n. sp. (Gastropoda, Hydrobiidae) from
Morocco. Anim. Biodivers. Conserv. 2021, 44, 317-320. [CrossRef]

Taybi, A.E; Gloer, P.; Mabrouki, Y. Ainiella zahredini n. gen. n. sp., a new valvatoid snail (Gastropoda, Hydrobiidae) from Morocco.
Invertebr. Zool. 2022, 19, 312-316. [CrossRef]

Taybi, A.E,; Gloer, P.; Mabrouki, Y. Two new species of Mercuria Boeters, 1971 from Morocco (Gastropoda, Hydrobiidae). Nat.
Croat. 2022, 31, 63-69. [CrossRef]

Taybi, A.F.; Gloer, P.; Mabrouki, Y. Four new species of the genus Pseudamnicola Paulucci, 1878 from Morocco (Gastropoda,
Hydrobiidae). Invertebr. Zool. 2022, 19, 191-198. [CrossRef]

Taybi, A.E; Gloer, P.; Mabrouki, Y. Gafaita gafaitensis Taybi, Gloer and Mabrouki gen. et sp. nov., a new hydrobiid snail (Gastropoda,
Hydrobiidae) from Morocco. Invertebr. Zool. 2023, 20, 280-286. [CrossRef]

Taybi, A.E,; Gloer, P.; Mabrouki, Y. A new genus and new species of springsnails (Gastropoda, Hydrobiidae) from north-east
Morocco. Nat. Conserv. Res. 2023, 8, 99-105. [CrossRef]

Taybi, A.F.; Mabrouki, Y.; Gloer, P. First record of the exotic Seminole rams-horn Helisoma duryi (Wetherby, 1879) (Gastropoda,
Planorbidae) in Morocco. Graellsia 2023, 79, €181. [CrossRef]

Taybi, A.F; Mabrouki, Y.; Piscart, C. Distribution of freshwater alien animal species in Morocco: Current knowledge and
management issues. Diversity 2023, 15, 169. [CrossRef]

Taybi, A.E,; Gloer, P.; Mabrouki, Y. Description of Berkanella selouensis gen. et sp.n., a new subterranean snail from Morocco and
redescription of Islamia tifertiensis Gloer, Mabrouki, et Taybi, 2020 (Gastropoda: Hydrobiidae). Invertebr. Zool. 2024, 21, 147-156.
[CrossRef]

Taybi, A.E; Mabrouki, Y.; Gloer, P.; Piscart, C. Factors explaining the distribution of Physella acuta (Draparnaud, 1805) in
freshwaters of Morocco. Water 2024, 16, 803. [CrossRef]

Taybi, A.F.; Mabrouki, Y. Rediscovery of an established population of the red-rimmed melania Melanoides tuberculata (Miiller,
1774) in Morocco. Nat. Croat. 2026, in press. [CrossRef]

Jaszczyniska, A.; Mabrouki, Y.; Taybi, F.A.; Grego, ].; Osikowski, A.; Falniowski, A.; Hofman, S. Hidden diversity of Hydrobiidae
(Gastropoda: Truncatelloidea) from Northern Morocco, with descriptions of one new genus and three new species. Zootaxa 2026.
accepted.

Calabuig, I. DBL_Life. Department of Veterinary Disease Biology, University of Copenhagen. 2016. Available online:
https://doi.org/10.15468 /r8rsu7 (accessed on 8 March 2026). [CrossRef]

Chaney, H.; Geiger, D.; Delnavaz, V. Santa Barbara Museum of Natural History—Invertebrate Zoology. Version 1.30. Santa
Barbara Museum of Natural History. 2024. Available online: https://doi.org/10.15468/e8txdn (accessed on 8 March 2026).
[CrossRef]

Diaz, A.; Martinez-Orti, A. Las colecciones del Museu Valencia d’Historia Natural. Version 2.5. Museu de Ciencies Naturals de
Barcelona. 2022. Available online: https://doi.org/10.15470/8oedep (accessed on 3 March 2026). [CrossRef]

DMNSIC: Denver Museum of Nature & Science Marine Invertebrate Collection. 2026. Available online:
https://doi.org/10.15468 /lyw1fq (accessed on 8 March 2026). [CrossRef]

FMI. Flanders Marine Institute PANGAEA - Data from Christian-Albrechts-University Kiel. Version 1.0. 2025. Available online:
https://doi.org/10.15468 /rgwum?2 (accessed on 8 March 2026). [CrossRef]

Garcia, E.; Agullé Villaronga, J. Museu de Ciencies Naturals de Barcelona: MCNB-Malac. Museu de Ciencies Naturals de
Barcelona. 2025. Available online: https://doi.org/10.15468 /pnkuwh (accessed on 3 March 2026). [CrossRef]

https://doi.org/10.3390/sul18115637


https://doi.org/10.24189/ncr.2022.007
https://doi.org/10.20302/NC.2023.32.9
https://doi.org/10.15298/invertzool.20.4.05
https://doi.org/10.31610/zsr/2023.32.1.116
https://doi.org/10.24189/ncr.2023.004
https://doi.org/10.12657/folmal.032.007
https://doi.org/10.3989/graellsia.2021.v77.303
https://doi.org/10.32800/abc.2021.44.0317
https://doi.org/10.15298/invertzool.19.3.04
https://doi.org/10.20302/NC.2022.31.5
https://doi.org/10.15298/invertzool.19.2.07
https://doi.org/10.15298/invertzool.20.3.02
https://doi.org/10.24189/ncr.2023.022
https://doi.org/10.3989/graellsia.2023.v79.362
https://doi.org/10.3390/d15020169
https://doi.org/10.15298/invertzool.21.2.03
https://doi.org/10.3390/w16060803
https://doi.org/10.20302/NC.2026.35.16
https://doi.org/10.15468/r8rsu7
https://doi.org/10.15468/r8rsu7
https://doi.org/10.15468/e8txdn
https://doi.org/10.15468/e8txdn
https://doi.org/10.15470/8oedep
https://doi.org/10.15470/8oedep
https://doi.org/10.15468/lyw1fq
https://doi.org/10.15468/lyw1fq
https://doi.org/10.15468/rgwum2
https://doi.org/10.15468/rgwum2
https://doi.org/10.15468/pnkuwh
https://doi.org/10.15468/pnkuwh
https://doi.org/10.3390/su18115637

Sustainability 2026, 18, 5637 19 of 20

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

iBOL: The International Barcode of Life Consortium. International Barcode of Life project (iBOL). 2026. Available online:
https://doi.org/10.15468 /inygc6 (accessed on 4 March 2026). [CrossRef]

iNaturalist contributors, iNaturalist Research-grade Observations. iNaturalist.org. 2026. Available online:
https://doi.org/10.15468/ab3s5x (accessed on 10 March 2026). [CrossRef]

INPN: Inventaire National du Patrimoine Naturel. CardObs: Observations naturalistes issues de I'outil CardObs-Données natu-
ralistes de Vincent Prié. UAR PatriNat (OFB-MNHN-CNRS-IRD), Paris. 2021. Available online: https://doi.org/10.15468 /yvalar
(accessed on 10 March 2026). [CrossRef]

Morris, P.J. Museum of Comparative Zoology, Harvard University. Version 162.502. Museum of Comparative Zoology, Harvard
University. 2026. Available online: https://doi.org/10.15468 / p5rupv (accessed on 8 March 2026). [CrossRef]

Norton, B.; Smith, J.; Bogan, A. NCSM Mollusk Collection. Version 1.18. North Carolina State Museum of Natural Sciences. 2023.
Available online: https://doi.org/10.36102/dwec.7 (accessed on 3 March 2026). [CrossRef]

Pauwels, O.; Samyn, Y.; Vandenberghe, T. RBINS DaRWIN. Royal Belgian Institute of Natural Sciences. 2021. Available online:
https://doi.org/10.15468 / qxy4mc (accessed on 15 March 2026). [CrossRef]

Rosenberg, G. Malacology Collection at the Academy of Natural Sciences of Philadelphia. Academy of Natural Sciences. 2026.
Available online: https:/ /doi.org/10.15468 /xpldhx (accessed on 8 March 2026). [CrossRef]

Senckenberg. Collection Mollusca SMF. 2026. Available online: https://doi.org/10.15468/ohuexz (accessed on 10 March 2026).
[CrossRef]

Slieker, FJ.A.; van der Es, H.; Andeweg, R.; Langeveld, B.W.; Schnorr, S. Natural History Museum Rotterdam—Specimens.
Version 1.46. Natural History Museum Rotterdam. 2025. Available online: https://doi.org/10.15468 /kwqaay (accessed on 8
March 2026). [CrossRef]

UMMZ Mollusk Data Group, LSA IT A. University of Michigan Museum of Zoology, Division of Mollusks. Version 1.104.
University of Michigan Museum of Zoology. 2026. Available online: https://doi.org/10.15468/qyvohy (accessed on 4 March
2026). [CrossRef]

La Greca, M. Le categorie corologiche degli elementi faunistici Italiani. Mem. Soc. Entomol. Ital. 1964, 93, 147-165.

La Greca, M. La caratterizzazione degli elementi faunistici e le categorie corologiche nella ricerca zoogeografica. Animalia 1975, 2,
101-129.

Vigna Taglianti, A.; Audisio, P.A.; Belfiore, C.; Biondi, M.; Bologna, M. A.; Carpaneto, G.M.; De Biase, A.; De Felici, S.; Piattella, E.;
Racheli, T; et al. Riflessioni di gruppo sui corotipi fondamentali della fauna W-Paleartica ed in particolare italiana. Biogeographia
1992, 16, 159-179. [CrossRef]

Neubauer, T.A. A nomenclator of extant and fossil taxa of the Melanopsidae (Gastropoda, Cerithioidea). ZooKeys 2016, 602, 1-358.
[CrossRef]

Belahcen, K.; Chergui El Hemiani, B.; El Haissoufi, M.; L'Mohdi, O.; El Alami, M.; Bennas, N. New Data on Biodiversity and
Chorology of Aquatic Insects of Tazekka National Park (Middle Atlas, Morocco) I: Odonata, Coleoptera, and Hemiptera. Trans.
Am. Entomol. Soc. 2023, 149, 261-297. [CrossRef]

Belahcen, K.; Errochdji, S.; Chergui, B.; Bennas, N.; El Alami, M. New data on biodiversity and chorology of aquatic insects of
Tazekka National Park (Middle Atlas, Morocco) II: Ephemeroptera, Plecoptera and Trichoptera. Trans. Am. Entomol. Soc. 2024,
150, 177-204. [CrossRef]

Sands, A.F; Sereda, S.V.; Stelbrink, B.; Neubauer, T.A.; Lazarev, S.; Wilke, T.; Albrecht, C. Contributions of biogeographical
functions to species accumulation may change over time in refugial regions. J. Biogeogr. 2019, 46, 1274-1286. [CrossRef]
Delicado, D.; Miller, J.P,; Boulaassafer, K.; Ramos, M. A.; Hauffe, T. Taxonomic assessment of 24 hydrobiid species (Caenogas-
tropoda, Truncatelloidea) of conservation concern in springs of Iberia and Maghreb. Eur. J. Taxon. 2026, 1043, 1-32. [CrossRef]
Chape, S.; Harrison, J.; Spalding, M.; Lysenko, I. Measuring the extent and effectiveness of protected areas as an indicator for
meeting global biodiversity targets. Philos. Trans. R. Soc. B Biol. Sci. 2005, 360, 443-455. [CrossRef]

Mabrouki, Y.; Taybi, EA.; Zinenko, O.; Utevsky, A.; Pereverziev, M.; Utevsky, S. First record of the duck leech Theromyzon
tessulatum (Hirudinea: Glossiphoniidae) in Morocco reveals a regionally unique genetic lineage. Ecol. Montenegrina 2025, 88,
270-279. [CrossRef]

Grego, J. Biology and Ecology of Subterranean Mollusca. In Cave Biodiversity. Speciation and Diversity of Subterranean Fauna;
Wynne, ].J., Bichuette, M.E., Carter, E.T., Chakrabarty, P., Chapin, K.J., Fenolio, D.B., Gluesenkamp, A.G., Grego, J., Howarth, FG.,
Latella, L., et al., Eds.; Johns Hopkins University Press: Baltimore, MD, USA, 2022.

Grego, J.; Gloer, P; Er6ss, Z.P,; Fehér, Z. Six new subterranean gastropod species from northern Albania and some new records
from Albania an Kosovo (Mollusca, Gastropoda, Moitessieridae and Hydrobiidae). Subterr. Biol. 2017, 23, 85-107. [CrossRef]
Schyns, J.F.; Hoekstra, A.Y. The added value of water footprint assessment for national water policy: A case study for Morocco.
PLoS ONE 2014, 9, €99705. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/sul18115637


https://doi.org/10.15468/inygc6
https://doi.org/10.15468/inygc6
https://doi.org/10.15468/ab3s5x
https://doi.org/10.15468/ab3s5x
https://doi.org/10.15468/yva1ar
https://doi.org/10.15468/yva1ar
https://doi.org/10.15468/p5rupv
https://doi.org/10.15468/p5rupv
https://doi.org/10.36102/dwc.7
https://doi.org/10.36102/dwc.7
https://doi.org/10.15468/qxy4mc
https://doi.org/10.15468/qxy4mc
https://doi.org/10.15468/xp1dhx
https://doi.org/10.15468/xp1dhx
https://doi.org/10.15468/ohuexz
https://doi.org/10.15468/ohuexz
https://doi.org/10.15468/kwqaay
https://doi.org/10.15468/kwqaay
https://doi.org/10.15468/qyvohy
https://doi.org/10.15468/qyvohy
https://doi.org/10.21426/B616110375
https://doi.org/10.3897/zookeys.602.8136
https://doi.org/10.3157/061.149.0301
https://doi.org/10.3157/061.150.0105
https://doi.org/10.1111/jbi.13590
https://doi.org/10.5852/ejt.2026.1043.3203
https://doi.org/10.1098/rstb.2004.1592
https://doi.org/10.37828/em.2025.88.19
https://doi.org/10.3897/subtbiol.23.14930
https://doi.org/10.1371/journal.pone.0099705
https://www.ncbi.nlm.nih.gov/pubmed/24919194
https://doi.org/10.3390/su18115637

Sustainability 2026, 18, 5637 20 of 20

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Basraoui, N.E.; Ben-Tahar, R.; Basraoui, Y.; El Guerrouj, B.; Chafi, A. Water quality assessment in the Moulouya Estuary
(Northeastern Morocco): The effect of wastewater on microbiological and physicochemical properties. Reg. Stud. Mar. Sci. 2024,
78,103736. [CrossRef]

Miftah, M.; Ait Brahim, Y.; Hssaisoune, M.; Ayaou, A.; Attar, O.; Gouahi, S.; Bouchaou, L. Global assessment of water quality and
groundwater nitrate contamination in the region of Souss-Massa, Morocco: A comprehensive review. Front. Sci. Eng. Int. ]. 2024,
13, 52961. [CrossRef]

Rachid, Z.; Nordine, N.; Hamza, E.F,; Anas, K.; Soufiane, H.; Carreiro, E.P. Spatial distribution, health risks and heavy metal
pollution assessment of surface water under multiple anthropogenic stressors: Case study in Middle Moulouya Watershed,
Morocco. Resources 2025, 14, 183. [CrossRef]

Laftouhi, N.-E.; Vanclooster, M.; Jalal, M.; Witam, O.; Aboufirassi, M.; Bahir, M.; Persoons, E. Groundwater nitrate pollution in the
Essaouira Basin (Morocco). Comptes Rendus. Géoscience 2003, 335, 307-317. [CrossRef]

Bouita, M.; El Madhi, Y.; Sbai, H.; Bouita, I.; El Bakouri, A.; Ibrahimi, E.M.; Chakir, E.M. Assessment of nitrogen pollution of
groundwater in the Madmora Gharb aquifer, Morocco. EQypt. |. Aquat. Biol. Fish. 2021, 25, 739-758. [CrossRef]

Karaoui, I.; Arioua, A.; El Amrani Idrissi, A.; Nouaim, W.; Elhamdouni, D.; Ait Ouhamchich, K.; Hnini, R. Elucidating the
mechanisms of water quality deterioration in Oued El Abid River (Morocco). J. Mater. Environ. Sci. 2017, 8, 3353-3359.

Khalid, F; Thami, H.; Jalal, E.; Khalid, D.; Manal, M.; Driss, B.; Ztit, G.; Kharrim, K. Statistical assessment of physico-chemical
pollution of Sebou river in Mechraa Bel Ksiri, Morocco. In Intelligent Human Systems Integration (IHSI 2024): Integrating People and
Intelligent Systems; Ahram, T., Karwowski, W., Russo, D., Di Bucchianico, G., Eds.; AHFE Open Access: Hawaii, HI, USA, 2024;
Volume 119. [CrossRef]

Calderon, M.R.; Almeida, C.A ; Jofré, M.B.; Gonzélez, S.P.; Miserendino, M.L. Flow regulation by dams impacts more than land
use on water quality and benthic communities in high-gradient streams in a semi-arid region. Sci. Total Environ. 2023, 881, 163468.
[CrossRef]

Driouech, F; Stafi, H.; Khouakhi, A.; Moutia, S.; Badi, W.; El Rhaz, K.; Chehbouni, A. Recent observed country-wide climate
trends in Morocco. Int. J. Climatol. 2021, 41, 855-874. [CrossRef]

Sadok, H. Climate change and agricultural production in Morocco: Assessing impacts and resilience. In Impacts of Climate Change
on Agriculture in the MENA Region; El Maknouzi, M.H., Sadok, H., Eds.; IGI Global Scientific Publishing: Palmdale, PA, USA,
2026; pp. 29-52. [CrossRef]

Hssaisoune, M.; Bouchaou, L.; Sifeddine, A.; Bouimetarhan, I.; Chehbouni, A. Moroccan Groundwater Resources and Evolution
with Global Climate Changes. Geosciences 2020, 10, 81. [CrossRef]

Mabrouki, Y.; Gourari, K.; Taybi, EA. The Atlantic blue crab Callinectes sapidus Rathbun, 1896 (Portunidae, Malacostraca) could
lead to the local extinction of endemic freshwater species in Eastern Morocco. Povolzh. Ekol. Zhurnal 2025, 1, 91-99. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su18115637


https://doi.org/10.1016/j.rsma.2024.103736
https://doi.org/10.34874/IMIST.PRSM/fseijournal-v13i1.52961
https://doi.org/10.3390/resources14120183
https://doi.org/10.1016/S1631-0713(03)00025-7
https://doi.org/10.21608/ejabf.2021.181221
https://doi.org/10.54941/ahfe1004495
https://doi.org/10.1016/j.scitotenv.2023.163468
https://doi.org/10.1002/joc.6734
https://doi.org/10.4018/979-8-3373-3346-5.ch002
https://doi.org/10.3390/geosciences10020081
https://doi.org/10.35885/1684-7318-2025-1-91-99
https://doi.org/10.3390/su18115637

	Introduction 
	Materials and Methods 
	Study Area 
	Data Collection and Analysis 

	Results 
	Diversity of Freshwater Molluscs in Morocco 
	Biogeographic Notes 
	Endemism Patterns and Trends 
	Molluscan Hotspot Diversity in Morocco 

	Discussion 
	A Rich Mediterranean-Influenced Yet Underexplored Freshwater Malacofauna 
	Threats and Conservation Concerns 
	Lack of Knowledge 
	Contaminants & Liquid Pollution 
	Habitat Destruction & Loss 
	Biological Invasion 


	Conclusions 
	References

