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Abstract

The interstitial stygobites of the genus Microcharon (Crustacea, 
Isopoda, Microparasellidae) are highly diversifi ed in Morocco, 
especially in the High Atlas. A new species from the North Saha-
ran platform is described. Microcharon oubrahimae n. sp. is 
characterized by the original morphology of the fi rst male pleopod 
which exhibits a concave inner margin of the distal part and a 
subdistal position of the armature. From a phylogenetic point of 
view, M. oubrahimae does not belong to the lineage which includes 
the Moroccan Atlasian species. In contrast, it belongs to the east-
ern-Mediterranean group of species. It is related to the species of 
the group M. orghidani-M. bureschi-M. phlegetonis from Roma-
nia and Bulgaria. The two-step model of colonization and evolu-
tion provides an understanding of the origin and evolutionary 
history of this stygobiont. M. oubrahimae derived from marine 
ancestors that lived in the littoral interstitial waters of the marine 
gulfs which covered the Errachidia-Boudnib-Erfoud basin within 
the pre-African trench during the Turonian or more likely Early 
Senonian. These marine ancestors might have settled in fresh 
groundwater during the regressive phases of the Turonian embay-
ment or more likely of the brief Coniacian-Santonian gulf.
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Introduction

The interstitial crustacean isopods of the genus Micro-
charon (Microparasellidae) are widely diversifi ed in 

Morocco. Species are regularly sampled in river ground-
water and wells located in several regions both north of 
the High Atlas and within the High Atlas. Microcharon 
marinus was fi rst recorded from the Mediterranean 
sandy beaches (Coineau, 1971, 1986). Later, Pesce et al. 
(1981) discovered one species in western Morocco, and 
Messouli (1984) collected the genus in springs of the 
Haouz. Then, Boutin and Boulanouar (1984), Boulan-
ouar (1986, 1995) and Boutin (1993) reported an un-
named species from Marrakesh groundwaters. Later, 
Yacoubi-Khebiza discovered several endemic species 
from different valleys of the High Atlas (Yacoubi-Khe-
biza, 1990, 1996; Boulanouar et al., 1995; Yacoubi-Khe-
biza, 1996; Yacoubi-Khebiza et al., 1997, 1999). Each 
species resulted endemic to only one hydrographic 
system. These species can be considered rhoendemics, 
i.e. vicariant taxa (Myers and De Grave, 2000; Fattorini, 
2006). Another species, M. alamiae, has been described 
from the northern south-Rifi an region of Morocco 
(Boulanouar et al., 1997; Coineau et al., 2001).
 Recently, and for the fi rst time, investigations in 
groundwater from the south eastern region of the King-
dom has provided a new species from the Errachidia-
Boudnib-Erfoud basin, south of the High Atlas. This 
species is described hereafter. Its evolutionary relation-
ships, and its origin are described and interpreted under 
a palaeogeographic perspective. 

Systematics

Microcharon oubrahimae n. sp. 
(Figs. 1-3)

Material.– One male, one female, one young male from the 
Mosque well, Tazouguert, October 6, 2004; nine females, three 
males, one young female and one young male from the Mosque 



22 A. Aït Boughrous et al. – Microparasellid isopods (Crustacea) from Morocco

Fig. 1. Microcharon oubrahimae n. sp. A, Antenna 1; B, right mandible and pars incisiva; C, left mandible; D, Antenna 2; E, Maxilla 1; 
F, Maxilla 2; G, Maxilliped.
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well and the Oumidin well, Zouala, October 7, 2004, March 18, 
2005. Isopods collected with the Cvetkov net (Cvetkov, 1968). 
Syntype series: 14 individuals dissected or observed. Three 
specimens of the syntype series are deposited in the Muséum 
d’Histoire Naturelle de Marrakech, Morocco (one male, one male 
witout pleopod 1, and one female): registration number: MHNM 
06 ZT 1.

Derivatio nominis: in memory of my mother Oubra-
hima (Ali Aït Boughrous).

Description.– Body length from 1.80 to 2.00 mm 
(males) and from 2.00 to 2.36 mm (females).
 Anterior margin of the cephalon with a very short 
rounded rostrum.
 Antenna 1. Six-segmented as in most freshwater 
species. Chetotaxy similar to the classical scheme of 
other species: fi rst article clearly longer than wide with 
two plumose and bare setae; second article longer than 

wide exhibiting three subdistal setae (two plumose and 
one normal) and two distal setae; the long characteristic 
plumose seta reaches the distal part of the article 5; 
length of the four last articles together as long as the 
fi rst one; only one aesthetasc on articles 5 and 6 in both 
sexes (Fig. 1A).
 Antenna 2. All collected individuals have lost this 
appendage which is broken at segment 4. Exopod as a 
long scale armed with two subdistal setae (Fig. 1D).
 Mandible (Fig. 1 B, C). Right mandible: pars inci-
siva composed of four teeth plus one very small one; 
three denticulate spines, two naked and two pectinate 
setae between pars incisiva and pars molaris; conical 
pars molaris armed with three pectinate setae. Left 
mandible differing from the right one by the lacinia 
mobilis composed of four conical pectinate teeth, only 
two denticulated spines and two pectinate setae between 
pars incisiva and pars molaris.

Fig. 2. Microcharon oubrahimae n. sp. Pereiopods. A, P1; B, P3; C, P6; D, P7.
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Fig. 3. Microcharon oubrahimae n. sp. A, Female pleopod 2; B, pleotelson; C, Male pleopod 1; D, Distal part of male pleopod 1; E, Male 
pleopod 2; F, Pleopod 3.
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 Maxilla 1 (Fig. 1E). Inner ramus narrow with three 
distal setae and several small subdistal setae; outer ra-
mus with 10-11 pectinate, ciliate and naked teeth; six 
long and fi ne setae on outer margin.
 Maxilla 2 (Fig. 1F). Inner endite clearly longer and 
wider than the remaining two; it bears fi ve naked api-
cal setae and two series of short and fi ne marginal setae; 
median and outer endites with four long and pectinate 
setae.
 Maxilliped (Fig. 1G). Epipod apex reaching the 
distal limit of palp segment 1; Endite short and armed 
with six distal setae; a lot of setules both on margin and 
blade; two retinacula. Palp of fi ve segments: fi rst one 
short and wide with two setae; segment 2 the widest 
and the longest with two setae; segment 3 very short 
and wide, with three + one setae; two last segments 
relatively short with four and seven setae.
 Pereiopods (Fig. 2A, B, C, D). Long and narrow 
basis, moderately enlarged with one (P7), two (P1) and 
three (P2 to P6) setae on the tergal part; meropod long; 
chetotaxy similar to that of other species; the two distal 
claws long and unequal.
 Pleotelson (Fig. 3B). Width/length ratio = 3/4; distal 
margin regularly rounded. Chetotaxy similar to that of 
other species.
 Male pleopod 1 (Fig. 3C, D). Basal region coalescent 
and enlarged; exopod separated only at the 1/4 of total 
length; inner lobes rounded, extended beyond the four 
very long subdistal setae and with a concave subdistal 
inner margin ending in a pointed angle at the apex; fold 
and hyaline edge extended and slightly diverging toward 
outer part of exopod far from the four subdistal setae; 

the latter part very long, three setae in the medial zone 
of the fold.
 Male pleopod 2 (Fig 3E). Sympodite long and nar-
row, exhibiting an inner distal lobe pointed; appendix 
masculina long and narrow with needle-like apex.
 Female pleopod 2 (Fig. 3A). Nearly as wide as long; 
with a concave margin ornated with two long setae.
 Pleopods 3 (Fig 3F). Globular and smooth endopod, 
exopod short, the second article does not reach endop-
odal apex.
 All collected specimens have lost their uropods be-
cause of the sampling method (Cvetkov, 1968). No 
dimorphism has been detected on antenna 1.

Remarks.– Microcharon oubrahimae n. sp. is quite 
different from all the Moroccan species as well as from 
congeners by the original morphology of the fi rst male 
pleopod. The concave inner margin of the exopod, the 
position of the four subdistal setae far from the apex, 
the fold and the lobe extended in their distal part, 
markedly overreaching seta insertion and diverging 
toward the outer corner are unique features of the new 
species.

Phylogenetic relationships

The cladistic analysis was performed using the software 
programs PAUP 3.1.1 (Swoford, 1993), PAUP 4.0 
(Swofford, 2002) and MacClade 3.0 (Maddison and 
Maddison, 1993). Three outgroups were selected to root 
the cladogramms: the Janiridae Jaera italica Kesselyak, 

Table I. List of characters
 
 1. rostrum present (0), absent (1)
 2. Cephalon wider than long (0), longer than wide (1)
 3. Eyes present (0), absent (1) 
 1. Pereionite wider than long (0), longer than wide (1)
 5.  Antenna 1: number of articles: 6 (0), 5 (1)
 6.  Scale on third antenna 2 article (0), no scale (1)
 7.   Mandible molar process truncated (0), long and pointed (1), 

short, conical (2)
 8.  Mandible palp with > 4 spines (0), 3 spines (1)
 9.  Maxilliped with > 2 hooks (0), 2 hooks (1)
 10.  Number of pereiopod claws: 3 (0), 2 (1)
 11.  Claws short (0), inequal (1), long (2)
 12.  Male pleopod 1: inner lobe long (0), short (1), reduced (2)
 13.  Male pleopod 1: fold subdistal (0), medial (1), distal (2)
 14.  Coupling process present (0), absent (1)
 15.   Male pleopod 1: hyaline edge diverging at apex (0), medial 

(1), ending medially at apex (2)
 

 
 16.  Male pleopod 1: inner lobe with a regular apical margin (0), 

margin concave or oblique (1)
 17. Male pleopod 1: inner lobe setae numerous at apex (0), few (1)
 18.  Male pleopod 1: inner lobe setae: distal (0), subdistal (1)
 19.  Male pleopod 1: outer distal part: short (0), extended (1)
 20.   Female pleopod 2 long, apically triangular (0), bilobed (1), 

rounded (2)
 21.   Female pleopod 2: with numerous setae (0), two setae (1), 

without seta (2)
 22.   Male pleopod 2 sympod: apical part elongated (0), moder-

ately elongated with a lobe (1), rounded (2)
 23.   Male pleopod 2: appendix masculina short (0), as long as 

sympod (1), longer than sympod (2)
 24.  Pleopod 3 endopod with setae (0), witout seta (1)
 25.   Uropod reduced (0), only sympod reduced (1), no reduction (2)
 26.   Uropod sympod: shorter than endopod (0), longer than endo-

pod (1)
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1938, Iais aquilei Coineau, 1977 and Jaeropsis doll-
fusi Norman, 1899. In his phylogenetic study of the 
Janiridae, Wilson (1994) regarded the Microparasellidae 
as one of the outgroups. The operational taxonomic 
units within the ingroup Microcharon included nine 
species as representatives of different clades resulting 
from a preliminary cladistic analysis (Coineau, 1994), 
and on the basis of the evolutionary groups established 
by Cvetkov (1968) and Galassi et al. (1995). Concern-
ing the characters, incomplete species descriptions in 
the literature limited the selection of informative char-
acters. The list is given in table 1. The coding was in-
ferred from the outgroup species, since they are all 
epigean Janiridae (Table II). Therefore, they exhibit 
numerous characters in the plesiomorphic state com-
pared to interstitial isopods that have modifi cations, 
reduction and loss of morphological structures as an 
adaptation to life within granular substrates. The matrix 
was processed using the branch and bound Search op-
tion. After several runs with ordered and unweighted 
data, characters were ordered. The consensus trees 
(Strict, semi Strict, Majority rule and Adams) were 
calculated.
 The genus Microcharon is monophyletic in all trees. 
Microcharon oubrahimae does not belong to the ourik-
ensis-karamani group of species as do other species of 
the Atlas. In contrast, the southerm Moroccan new spe-
cies appears to be a member of the phylogenetic “East-
ern Mediterranean group” of species composed of M. 
bureschi, M. orghidani and M. phlegetonis. M. orghida-
ni is the sister species of M. oubrahimae. Both are 
characterised by the oblique or concave inner margin 
of the inner lobe of the male pleopod 1 (16) and the 
subdistal position of the armature (18). The eastern 
Mediterranean group of species, defi ned by a reduced 
inner lobe of the male pleopod 1 (12), is the sister group 
of “the western Mediterranean” species M. rouchi and 

M. nuragicae together with the Moroccan-Algerian 
species M. ourikensis and M. karamani. M. teissieri is 
a fully marine species and appears as the sister species 
of all other species of Microcharon (Fig. 4).
  In M. oubrahimae, both the distal part of the fold and 
the outer part of the inner lobe are elongated, as in M. 
orghidani (Serban, 1964; Cvetkov, 1968), but this elon-
gation is more important, so that the subterminal setae 
are far from the distal margin. In M. phlegetonis, only 
the distal part of the fold is elongated and the hyaline 
edge sticks out of the apex (Galassi et al., 1995a, b; 
Cvetkov, 1968) , while in M. bureschi both the hyaline 
edge and the outer distal part of the fold are protruding 
(Cvetkov, 1976).

Historical biogeography, origin and age

Microcharon oubrahimae n. sp. occurs in the interstitial 
groundwater of the Guir River at Tazouguert, ca 40 km 
east from Errachidia. The species inhabits also ground-
water of the Ziz River at Zouala, ca 20 km south of 
Errachidia (Fig. 4). Therefore, it is distributed in the 
Errachidia-Boudnib-Erfoud basin (EBE) within the 
pre-African trench between the High Atlas and the 
eastern part of the Anti Atlas (Choubert and Faure-
Muret, 1962; Combe, 1977; Chamayou and Ruhard, 
1977; Rhalmi, 2000). M. oubrahimae exhibits the most 
south eastern distribution in Morocco, compared to all 
other known species which occur north of and within 
the western High Atlas. It is the fi rst time that the genus 
Microcharon is discovered south of the High Atlas.
 The freshwater species of Microcharon originated 
from marine ancestors (Delamare Deboutteville, 1960; 
Stock, 1977; Coineau, 1971, 1986, 1992, 1994; Dole 
and Coineau, 1987; Wägele, 1990; Coineau et al., 1994; 
Coineau et al., 2001; Boulanouar et al., 1995, 1997; 

Table II. Character data for the outgroups Jaera italica, Iais aquilei and Jaeropsis dollfusi, and nine selected species of the genus Micro-
charon. ? in the matrix refers to unknown character state.

Jaera italica
Iais aquilei
Jaeropsis dollfusie
Microcharon bureschi
M. karamani
M. nuragicae
M. orghidani
M. oubrahimae
M. ourikensis
M. phlegetonis
M. rouchi
M. teissieri
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Galassi, 1991; Galassi et al., 1995a, b; Stoch and Ga-
lassi, 2002; Yacoubi et al., 1997).
 The so-called two-step model of colonization and 
evolution provides an understanding of the settlement 
of the marine ancestors within interstitial fresh ground-
waters (Boutin and Coineau, 1990; Notenboom, 1991; 
Coineau and Boutin, 1992; Holsinger, 1994 who ex-
posed a more complete scenario called the «three-step 
model»). During the fi rst step, which represents an ac-
tive dispersion, the marine ancestor colonized intersti-
tial sandy and shallow bottoms in the littoral areas of 
the Tethys. At the same time, the large surface ancestor 
evolved into a dwarfi sh organism due to progenetic 
evolutionary processes during the penetration into the 
interstitial habitats. During the second step, the inter-
stitial marine isopod settled progressively in brackish 
and then fresh groudwaters during a regression of the 
Tethys. Vicariance processes occurred as soon as the 
genetic fl ux between populations remaining in fresh 
groundwaters and population staying in the littoral 
seashore was interrupted. Stock (1980) called the second 
step the “Regression Model Evolution».
 Fully marine species of Microcharon, as well as 
species living in the brackish groundwaters of sandy 
beaches, are still known. The latter species may be 
considered as putative ancestors for future freshwater 
species after further marine regressions. In Morocco, 
all the species are distributed in areas formerly covered 
by marine gulfs (Boulanouar et al., 1995, 1997; Ya-
coubi et al., 1997; Coineau et al., 2001). 
 The Errachidia-Boudenib-Erfoud basin (EBB), as 
well as the Ouarzazate basin and the Atlas domain were 

successively invaded by late Cenomanian (96-91 MA) 
and early Turonian (91-88 MA) marine transgressions 
(Fig. 5; Choubert and Faure-Muret, 1962; Michard, 
1976). In the late Cenomanian, at the maximum of the 
transgressive phase, the sea was opened to the north and 
the east in the Errachidia-Boudnib basin, and there was, 
furthermore, a connection between the South Atlantic 
and the Tethys, i.e. the shallow epicontinental trans-
Saharan corridor (Boudouresque et al., 1982; Dufaure 
et al., 1984; Reyment, 1986, 2004; Reyment and Dingle, 
1987; Courville et al., 1991; Néraudeau, 2000).
 During the Turonian, the Ouarzazate basin exhibited 
an Atlantic marine facies, while the Errachidia-Boudnib 
basin displayed a Tethyan pertinence (Ferrandini et al., 
1985; Courville, 1991; Rhalmi, 2000; Meister and 
Rhalmi, 2002; Ettachfi ni and Andreu, 2004). There was 
already a shallow, the so-called Tinejdad “seuil”, be-
tween the two southern basins in the early Turonian 
(Rhalmi, 2000). At the same time, in the Errachidia-
Boudenib basin, the sea was deeper, arriving from both 
east and north-east, and several transgressive pulses 
occurred. 
 Later on, in the Senonian (Late Cretaceous, 88-65 
MA), a new transgressive gulf invaded the Ouarzazate 
basin (Gauthier, 1952; Choubert and Salvan, 1950; 
Choubert and Faure-Muret, 1962; Algouti 1999; 
Algouti and Algouti, 1999; Marzogi and Pascal, 2000). 
In contrast, according to Choubert and Faure-Muret 
(1962), the eastern Errachidia-Boudnib basin only un-
derwent marine infl uences from the eastern north up to 
the Errachidia region during the Coniacian (88-87 MA) 
at the base of the continental Senonian (Fig. 6). After 

Fig. 4. One of the shortest 
trees of the genus Microcha-
ron including the three out-
groups of the Janiridae family 
Jaera italica, Iais aquilei and 
Jaeropsis dollfusi. Ingroup 
taxa: see table II in the matrix. 
CI = 0.590; RI = 0.709; RC = 
0.419.
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these events, the marine Senonian within the Erra-
chidia-Boudnib basin has not been documented up to 
now and has yet to be investigated. Nevertheless, pal-
aeogeographic data (choubert and Faure-Muret, 1962) 
show that the sea reached the region of Tadighoust in 
the Senonian, about 50 km west from Zouala and the 
Ziz valley in the Tafi lalt. At Tadighoust (Ettachfi ni and 
Andreu, 2004), the stratigraphic column and the dis-
tribution of benthic foraminifera and ostracods ex-
hibit a marine Santonian association (Andreu, 1998, 
2001). Furthermore, several palaeogeographic maps of 
the Early Coniacian (Reyment, 1980, 1986; Reyment 
and Dingle, 1987) display a western marine gulf 

briefl y covering the most north-eastern part of the Er-
rachidia-Boudnib basin and linked to the brief epicon-
tinental marine and trans-Saharan connection between 
the Southern Atlantic and the Tethys. By the end of the 
Coniacian, there was a regressive phase. No further 
transgressions reached the Errachidia-Boudnib-Erfoud 
Basin. 
 In the groundwaters of the Ziz River Microcharon 
oubrahimae n. sp. is located in areas covered succes-
sively by the Cenomanian and the Turonian embayments 
lying only at 50 km from Tadighoust as well as within 
the former Coniacian gulfs shown by Choubert and 
Faure-Muret (1962). Therefore, the ancestors of M. 

Fig. 5. Distribution of the different species of Microcharon from Morocco. Filled star, Microcharon oubrahimae n. sp.; fi lled squares, 
M. boutini; fi lled triangles, M. ourikensis and species of the messoulii group; double square, M. alamiae; open star, M. sp 1.; open circle, 
M. sp. 2; arrow, M. marinus.
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oubrahimae probably lived in the shallow littoral bot-
toms of the sea during the Turonian, or more likely 
during the Coniacian-Santonian since this species ex-
hibits derived characters. They might have settled in 
fresh groundwaters at the end of the last Turonian re-
gression, or more likely at the end of the Coniacian 
regression.
 Microcharon orghidani lives in Romania. The com-
mon ancestor of M. oubrahimae and M. orghidani might 
have occupied the two sides of the Tethys in the late 
Cretaceous. After the regressive phases which left the 
common ancestor in fresh groundwater of Morocco, 
this ancestor continued to evolve in the Tethys littoral, 

and later on, in the Parathethys, since the evolutionary 
history of M. orghidani and other related species M. 
phlegetonis and M. bureschi from Bulgaria, is associ-
ated with the evolution of the Paratethys sea (Coineau, 
1994; Galassi et al., 1995).

Discussion

 The fi ndings in this study raise the question as to 
whether Microcharon oubrahimae has a Turonian or a 
Coniacian origin.
 Based on both morphological affi nities of M. oubra-

Fig. 6. Extension of the main marine embayments in Morocco during the Cenomanian-Turonian periods and distribution of the species 
of Microcharon in the High Atlas and in the Errachidia-Boudnib-Erfoud basin (EBB). Triangles: species of the messoulii group; stars: 
M. oubrahimae n. sp.; OB: Ouarzazate basin. Shorelines after Choubert and Faure-Muret (1962) modifi ed, and Rhalmi (2000).
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himae with Romanian species, and palaeogeographic 
data, a Senonian marine origin is more probable than a 
Turonian one. As a matter of fact, the derived characters 
of the species suggest a relatively recent settlement in 
continental groundwaters after a longer period of evolu-
tion in unstable marine littoral habitats. Moreover, M. 
oubrahimae has no strong phylogenetic relationships 
with the Moroccan Atlasian species. It clearly belongs 
to another phylogenetic lineage, the orghidani-phlege-
tonis-bureschi-group which occurs in Bulgaria and 
Romania. Moreover, up to now, no species of the genus 
have been discovered in the Ouarzazate basin in spite 
of numerous long term sampling compaigns in this 
region. If the basic vicariant event resulted from a Tu-
ronian regression, it (or closely related species) would 
have occurred also in the Ouarzazate basin, since the 
Turonian transgression covered both the latter basin and 
the Errachidia-Boudnib-Erfoud basin (Fig. 6), and there 
was a connection between the two basin gulfs (Rhalmi, 
2000; Ettachfi ni and Andreu, 2004). In the Ouarzazate 
basin, other subterranean crustaceans such as the am-
phipods Metacrangonyctidae, and the isopods Micro-
cerberidae, have been regularly collected. These groups 
have closely related species of Turonian origin in both 

basins, and of Coniacian origin for the Metacrango-
nyctidae of the panousei-group (Boutin et al., 1992). In 
contrast to Turonian embayments, the Senonian gulfs 
(Fig. 7) were separated: the “Atlantic” transgression 
hardly reached Tinrhir in the Ouarzazate basin (Algou-
ti et al., 1999) and there was an exposed high land in 
the region of Tinjedad between the two basins. In the 
eastern basin, information on the marine Senonian is 
poorly available. Often, authors depicted continental 
senonian deposits (Dresch et al., 1952; Joly, 1952; 
Combe, 1977; Chamayou and Ruhard, 1977; Cartes 
géologiques du Maroc, 1986, 1997; Boudab, Had-
doudmi, Rhalmi pers. comm.). Others reported marine 
Senonian sediments (Choubert and Faure-Muret, 1962; 
Michard, 1976), or Senonian without specifi cation of 
the origin. Nevertheless, Microcharon oubrahimae 
inhabits phreatic groundwater harbouring other crusta-
ceans of clear marine origin, such as several species of 
the amphipod Metacrangonyx, the isopod Typhlociro-
lana and Thermobaenaceans (Boutin and Cals, 1985; 
Boutin et al., 1992; Boutin, 1993, 1994; Messouli, 
1994). Some of them, such as the amphipods Metacra-
ngonyx notenboomi Boutin et al., 1992 and M. goulmi-
mensis Boutin et al., 1992 of the panousei-group entered 

Fig. 7. Middle and southern Morocco during the Senonian period and distribution of Microcharon oubrahimae (stars) and the amphipod 
Metacrangonyx notenboomi (squares) within the Errachidia-Boudnib-Erfoud basin (EBB). Marine Coniacian embayments and infl u-
ences, and continental Senonian (after Choubert and Faure-Muret (1962), modifi ed); location of Coniacian-Santonian marine fossils at 
Tadighoust (after Ettachfi ni and Andreu, 2004).
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fresh groundwater of the Errachidia-Boudnib-Erfoud 
basin, especially at Goulmima and in the Tafi lalt s. 
stricto, during the regression of the Senonian sea as 
other species of the same phylogenetic group (Boutin 
et al., 1992; Messouli, 1994). Furthermore, M. noten-
boomi is the species exhibiting the most apomorphic 
character states of the phylogenetic group it belongs to 
(Messouli, pers. comm.). Other closely related species 
are distributed in the Ouarzazate basin and in the High 
Atlas. The same authors recognized a Senonian estab-
lishment of these species in fresh groundwater during 
the regression of the Atlantic western Senonian gulf. 
The Senonian formation from Tadighoust, in the western 
part of the Errachidia-Boudnib-Erfoud basin, is unques-
tionably of marine origin (Ettachfi ni and Andreu, 2004). 
Organisms within this formation such as the benthic 
foraminifera Buliminidae and the ostracods Reticuloco-
sta gr. tarfayensis and Nigeroloxoconcha aff. tagregraen-
sis, are fully marine species. The latter ostracods are 
circalittoral species (Andreu pers. comm.). Moreover, 
the association of the two species defi nes the marine 
Santonian facies (Andreu et al., 1998, 2002; Ettachfi ni 
and Andreu, 2004). The ostracod Nigeroloxoconcha aff 
tagregraensis is known from the marine Coniacian-San-
tonian of the Ouarzazate Basin, and from Algeria. Other 
species are distributed in the Cenomanian up to the 
Eocene formations from Algeria, Niger, Nigeria and The 
Ivory Coast. As a matter of fact, several authors described 
the trans-Saharan seaway which connected the South 
Atlantic to the Tethys (Reyment, 1980, 1986; Reyment 
and Dingle, 1987; Néraudeau, 2000). Did this epiconti-
nental Coniacian corridor reach the Guir region up to 
Tazouguert, and the Ziz region as suggested on the maps 
of Reyment (1986) and Reyment and Dingle (1987)? 
What may reinforce this hypothesis is the occurrence of 
the amphipods Metacrangonyx notenboomi and M. 
longicaudus (Messouli, 1994) both in Algeria at Men-
ouarar (Saoura basin), and in Morocco at Tazouguert, 
and within the Tafi lalt (Fig. 7). It can be seen that the 
Coniacian northwestern seaway extended up to at least 
the Saoura basin in Algeria, and probably up to a more 
western region. So that Choubert and Faure-Muret (1962) 
wrote “marine infl uences” in these latter regions. 
 Another reason for marine infl uences in the Erra-
chidia-Boudnib basin would be due to the large depth 
of the Turonian gulf. A regression process did not work 
only once: there were always several successive regres-
sive phases. Therefore, during the Coniacian, just after 
the Turonian, the marine regression was not completed 
and temporary marine infl uences might have persisted 
in the area of the eastern basin.

 An alternative possibility could be that the marine 
infl uences arrived from the north, since the Tethys cov-
ered the Eastern Meseta and the southern plateaus in the 
Coniacian (Médioni, 1960; Choubert and Faure-Muret, 
1962; Medioni, 1968, 1969; du Dresnay, 1976; Had-
doumi pers. comm.). The marine Coniacian-Santonian 
formation from Tadighoust favors a marine connection 
with this northern embayment. More eastward in the 
region of Anoual, the Senonian facies was fully marine 
and far from the coasts which might extend markedly 
southward (H. Haddoumi pers. comm.), therefore not 
far away from Tazouguert. According to Rhalmi (pers. 
comm), most of the High Atlas domain was already an 
exposed land in the Senonian. Since the orogenesis 
started in the Lutetian, this exposed land displayed prob-
ably only hills and some narrow seaways might arrive 
from the north in the Errachidia basin through valleys 
between islands of the future High Atlas.
 The marine Senonian layers have probably been 
eroded by the high erosion processes which affected all 
the Errachidia-Boudnib-Erfoud basin during the Atlas 
orogenesis which began during the Lutetian. Therefore 
the marine Coniacian and Santonian formations, which 
were very thin since the marine incursions between 
regressive pulses were very brief (the Coniacian is 
known as mostly regressive), are not detectable at the 
top of the stratigraphic columns except in the western 
part of the basin in the area of Goulmima (Ettachfi ni 
and Andreu, 2004). In Algeria, the erosion activity was 
not so important. According to Dubar (1952), thin ma-
rine Senonian sediment can be observed at Meski (at 
only 6 km north of Zouala) as well as between Meski 
and Boudnib.
 Alternatively, M. oubrahimae might have passively 
drifted along the Guir and the Ziz Rivers and along their 
tributaries from upstream to dowstream during heavy 
rains and fl oods. Such phenomenon might have occurred 
during the Atlas orogenesis or in the Present. The up-
stream sections of these streams are located not far from 
Anoual in the Eastern Meseta, which was covered by 
the Coniacian marine gulfs. Such passive drift of other 
crustaceans has already often been observed in several 
species of the amphipods Metacrangonyx and isopods 
Typhlocirolana (Boutin et al., 1992) or in meiobenthic 
organisms when currents and erosive fl ow are rapid 
after heavy rains. Both animals and sediments are tran-
ported downstream (Palmer 1984, 1988, 1992; Palmer 
and Molley, 1986; Bouck and Thistle, 2006). 
 Both the northern part of the eastern High Atlas and 
the eastern Moroccan Meseta, as well as the southeast-
ern part of Morocco are to be investigated since en-
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demic species closely related to Microcharon oubrahi-
mae will be probably discovered: Coniacian-Santonian 
formations which were thicker than in the EBB still 
occur in these regions. Such further discoveries to-
gether with other groundwater crustaceans of Senonian 
marine origin will be additional proof that M. oubrahi-
mae was more likely left during the Coniacian marine 
regression rather than by the Turonian recession. 

Acknowledgements

The authors would like to thank the geologists A. Alguti, A. Al-
guti and M. Chellai (University of Marrakesh), D. Andreu (Uni-
versity of Toulouse), H. Haddoumi (University of Oujda) and 
M. Rhalmi (University of Beni Melal) for their constructive 
comments, palaeogeographic information and electronic discus-
sions during the progress of this study. This research was granted 
by the bourse d’excellence n° 03/039 from the Moroccan Gov-
ernment (A. Aït Boughrous). N.C. is grateful to the University 
of Marrakesh Presidency for the fi nancial support allowed for 
fi eld investigations. The comments and suggestions of three ref-
erees are also appreciated.

References 

Alguti A. 1999. Le Sénonien (Coniacien, Santonien, Campanien 
et Maastrichtien) du Haut-Atlas occidental (Maroc): sédimen-
tologie, stratigraphie séquentielle, biostratigraphie et évolution 
géodynamique. Doctoral Thesis, University of Marrakesh, 
418 p.

Alguti A, Alguti A, Taj-Eddine K. 1999. Le Sénonien du Haut-
Atlas occidental, Maroc: sédimentologie, analyse séquentielle 
et paléogéographie. Journal of African Earth Science, 29 (4): 
643-658.

Andreu B. 2002. Cretaceous ostracode biochronology of Mo-
rocco. Eclogae Geologicae Helvetiae, 95: 133-152.

Andreu B, Boutchich K, Chbani B. 1998. Nouvelles espèces 
d’Ostracodes du Coniacien-Santonien et Maastrichtien du 
bassin d’Essaouira (Atlas Atlantique, Maroc). Revue de Mi-
cropaléontologie, 41 (2): 91-106.

Bouck L, Thistle D. 2006. Responses of two morphologically 
similar species of benthic copepod (Harpacticoida, Diosac-
cidae) to an erosion rate that occurs during winter storms. Vie 
et Milieu, 56 (1): 9-14.

Boudouresque L, Dubois D, Lang J, Trichet J. 1982. Contribution 
à la stratigraphie de la bordure occidentale du bassin des Iul-
lemeden au Crétacé Suprieur et au Cénozoïque (Niger et Mali; 
Afrique de l’Ouest). Bulletin de la Société Géologique de 
France, 7, 24 (4): 685-695.

Boulanouar M. 1986. Etude écologique comparée de quelques 
puits de la région de Marrakech. Impact des pollutions sur la 
zoocénose des puits. 3e cycle thesis, Marrakesh University, 
159 p.

Boulanouar M. 1995. Faune aquatique des puits et qualité de l’eau 
dans les régions de Marrakech et des Jbilet. Statut et dynamique 

d’une population de Proasellus coxalis africanus (Crustacés 
Isopodes) des Jbilet. Thèse de Doctorat d’Etat, University of 
Marrakesh, 208 p.

Boulanouar M, Yacoubi M, Messouli M, Coineau N. 1995. Un 
nouveau Microcharon (Isopoda, Janiroidea) du Maroc. 
Origine et biogéographie historique. Contributions to Zool-
ogy, 65 (1): 53-64.

Boulanouar M, Yacoubi-Khebiza M, Boutin C, Coineau N. 1997. 
Un nouvel Isopode Microparasellidae (Crustacea Janiroidea) 
des eaux souterraines de la région péririfaine (Maroc). Bul-
letin de la Société d’Histoire Naturelle de Toulouse, 133: 
21-27.

Boutin C. 1993. Biogéographie historique des Crustacés Mala-
costracés stygobies du Maroc. Doctoral thesis, University of 
Lyon I, 1-262.

Boutin C. 1994. Stygobiology and historical geology: the age of 
Fuerteventura (Canary Island), as inferred from its present 
stygofauna. Bulletin de la Société géologique de France, 165: 
273-285.

Boutin C, Boulanouar M. 1984. Premières données sur la faune 
des puits de Marrakech. Internationale Revue der Gesamten 
Hydrobiologie, 22: 1762-1765.

Boutin C, Cals P. 1985. Importance en biogéographie évolutive 
de la découverte d’un Crustacé phréatobie, Monodella atlan-
tomaroccana n. sp. (Thermosbaenacea) dans la plaine allu-
viale de Marrakech (Maroc Atlantique). Comptes Rendus de 
l’Académie des Sciences, Paris, 300 (III, 7): 267-270.

Boutin C, Coineau N. 1990. "Regression Model", "Modèle bi-
phase" d’évolution et origine des micro-organismes stygobies 
interstitiels continentaux. Revue de Micropaléontologie, 33 
(3/4): 303-322.

Boutin C, Messouli M, Coineau N. 1992. Phylogénie et biogéo-
graphie évolutive d’un groupe de Metacrangonyctidae, Crus-
tacés Amphipodes stygobies du Maroc. II. Cladistique et 
paléobiogéographie. Avec l’examen comparatif de plusieurs 
logiciels de parcimonie. Stygologia, 7: 159-177.

Carte géologique du Maroc, 1997. Feuille de Tinejdad, 1/100 000. 
Notes et Mémoires du Service Géologique du Maroc, 385.

Carte géologique du Maroc, 1986. Feuille du Tafi lalt-Taouz, 1/200 
000. Notes et Mémoires du Service Géologique du Maroc, 
244.

Chamayou J, Ruhard JP. 1977. Sillon préafricain à l’est du Siroua: 
les bassins de Ouarzazate et de Errachidia (Ksar-es-Souk)-
Boudenib. In: Ressources en Eau du Maroc, tome 3, Domaines 
atlasique et sud-atlasique. Notes et Mémoires du Service Géo-
logique, 231, Service Géologique du Maroc Ed.: 224-242.

Choubert G, Faure-Muret A. 1962. Evolution du domaine atlasi-
que marocain depuis les temps paléozoïques. In: Livre à la 
mémoire du Professeur Paul Fallot. Mémoire hors série, So-
ciété géologique de France, Paris, 1: 447-527.

Choubert G, Salvan H. 1950. Essai paléogéographique du Séno-
nien au Maroc. Notes et Mémoires du Service Géologique du 
Maroc, 7 (II): 13-50.

Coineau N. 1971. Les Isopodes interstitiels. Documents sur leur 
écologie et leur biologie. Mémoires du Muséum national 
d’Histoire naturelle de Paris (N.S., A), 64: 1-170.

Coineau N. 1986. Isopoda: Asellota: Janiroidea. In: L. Botosa-
neanu (ed.), Stygofauna Mundi E.J. Brill/W. Backhuys, Lei-
den: 465-472.



33Contributions to Zoology, 76 (1) – 2007

Coineau N. 1992. Biogéographie évolutive du Crustacé intersti-
tiel Microcharon (Isopoda, Janiroidea) dans l’ouest du Bassin 
Méditerranéen. Bulletin de l’Institut Océanographique, Mo-
naco, 9:101-114.

Coineau N. 1994. Evolutionary biogeography of the micropara-
sellid isopod Microcharon (Crustacea) in the Mediterranean 
Basin. In: Biogeography of subterranean crustaceans: the 
effects of different scales. Summer Meeting of the Crustacean 
Society, Charleston, June 1992. Hydrobiologia, 287 (1): 79-
96.

Coineau N, Boutin C. 1992. Biological processes in space and 
time. Colonization, evolution and speciation in interstitial 
stygobionts. In: A.I. Camacho (ed.), The natural history of 
biospeleology. Museo Nacional de Ciences naturales, CSIC 
Ed., Madrid, Monografi as, 7: 423-451.

Coineau N, Boutin C, Fakher El Abiari A. 2001. Origin, age, and 
evolutionary rate of the microparasellid isopod Microcharon 
from the groundwater of the south-Rifi an region (Morocco). 
In: Isopod Systematics and Evolution, edited by B. Kensley 
and R.C. Brusca. Crustacean issues, 13, R. Vonk and F.R. 
Schram Editors, Balkema, Rotterdam, Brookfi eld: 301-311.

Coineau N, Henry JP, Magniez G, Negoescu I. 1994. Isopoda 
Aquatica. In: Encyclopaedia Biospeologica, vol 1. C. Juberthie 
and V. Decu editors, Société de Biospéologie, Moulis, Buca-
rest: 123-140.

Combe M. 1977. Haut-Atlas calcaire. In: Ressources en Eau du 
Maroc, tome 3, Domaines atlasique et sud-atlasique. Notes et 
Mémoires du Service Géologique, 231, Service Géologique 
du Maroc Ed.: 116-139.

Courville P, Meister C, Lang J, Mathey B, Thierry J. 1991. Les 
corrélations en Téthys occidentale et l’hypothèse de la liaison 
Téthys-Atlantique Sud. Intérêt des faunes d’Ammonites du 
Cénomanien supérieur-Turonien moyen basal du Niger et du 
Nigeria (Afrique de l’Ouest). Comptes Rendus de l’Académie 
des Sciences, Paris, 313: 1039-1042.

Cvetkov L. 1968. Un fi let phréatobiologique. Bulletin de l’Insti-
tut de Zoologie et Musée, Sofi a, 22: 215-219.

Cvetkov L. 1968. Morphologie des premiers pléopodes, évolution 
et position systématique du genre Microcharon (Crustacea, 
Isopoda). Bulletin de l’Institut de Zoologie et Musée, Sofi a, 
27:107-140.

Cvetkov L. 1976. Matériaux sur les Isopodes souterrains de Bul-
garie. III. Microcharon bureschi n. sp. Acta Zoologica Bulga-
rica, 4: 81-84.

Delamare Deboutteville C. 1960. Biologie des eaux souterraines 
littorales et continentales. Vie et Milieu, suppl. 9: 1-740.

Dole MJ, Coineau N. 1987. L’Isopode Microcharon (Crustacea, 
Isopoda) abondant dans les eaux interstitielles de l’Est Lyon-
nais. M. reginae n. sp. Ecologie et biogéographie. Stygologia, 
3: 200-216.

Dresch J, Gigout M, Joly F, Le Coz J, Raynal R. 1952. Aspects 
de la géomorphologie du Maroc. Notes et Mémoires, Service 
Géologique du Maroc, 96: 182 p. 

Dresnay R du. 1976. Carte géologique du Haut-Atlas d’Anoual-
Bou Anane, Haut-Atlas oriental au 1/200 000. Notes et Mé-
moires, Service Géologique du Maroc, 246.

Dubar G. 1952. Haut-Atlas central. Livret-guide de l’excursion 
A34. Congrès Géologique Internationl, XIXe Session, Alger 
(1952), série Maroc. 74 p.

Dufaure P, Fourcade E, Massa D. 1984. Réalité des communica-
tions marines trans-sahariennes entre la Téthys et l’Atlantique 
durant le Crétacé supérieur. Comptes-Rendus de l’Académie 
des Sciences, Paris, 298 (2.15): 665-670.

Ettachfi ni EM, Andreu B. 2004. Le Cénomanien et le Turonien 
de la Plate-forme Préafricaine du Maroc. Cretaceous Research, 
25: 277-302.

Fattorini S. 2006. Biogeography and conservation of endemic 
tenebrionid beetles (Coleoptera Tenebrionidae) on east Me-
diterranean islands. Vie et Milieu, 56 (3): 231-241.

Ferrandini M, Philip J, Babinot JF, Ferrandini J, Tronchetti G, 
1985. La plate-forme carbonatée du Cénomano-Turonien de 
la région d’Erfoud-Errachidia (Sud-Est marocain): stratigra-
phie et paléoenvironnements. Bulletin de la Société géologique 
de France, 8 (1): 459-622.

Galassi DP. 1991. A new Microcharon Karaman from hyporheic 
waters of Greece: Microcharon antonellae n.sp. (Crustacea 
Isopoda: Microparasellidae). Stygologia 6 (4): 201-207.

Galassi DMP, De Laurentiis P, Pesce GL. 1995a. Some remarks 
on the genus Microcharon Karaman in Greece, and description 
of M. agripensis n. sp. (Crustacea, Isopoda, Microparasellidae). 
International Journal of Speleology, 23 (3-4): 135-155.

Galassi DP, Pesce GL, De Laurentiis P. 1995b. The genus Micro-
charon Karaman (Isopoda Janiroidea) in the Balkan penin-
sula: biogeography of the major and the profundalis groups. 
Mémoires de Biospéologie, 22: 25-33.

Gauthier H. 1952. Les formations de passage Crétacé à Eocène 
dans les bassins de Dadès et du Todra (sud du Haut-Atlas 
marocain). Comptes Rendus de l’Académie des Sciences, 
Paris, 234: 859-860.

Holsinger JR. 1994. Pattern and process in the biogeography of 
subterranean amphipods. In: Biogeography of subterranean 
crustaceans: the effects of different scales. Summer Meeting 
of the Crustacean Society, Charleston, June 1992. Hydrobio-
logia, 287 (1): 131-145.

Joly F. 1952. Le sillon sud-atlasique. In: Aspects de la géomor-
phologie du Maroc, Dresch et al. editors. Notes et Mémoires, 
Service Géologique du Maroc, 96: 94-107.

Maddison WP, Maddison DR. 1993. MacClade, analysis of phy-
logeny and character evolution, version 3.03 (Software in-
cluded). Sinauer Associates Inc., Sunderland, Massachus-
settes.

Médioni R. 1960. Contribution à l’étude géologique des Hauts-
Plateaux méridionaux marocains. Notes Mémoires, Service 
Géologique du Maroc, 190/190 bis, 191/191 bis.

Médioni R. 1968. Carte géologique du Maroc au 1/100 000, 
feuilles Hassi El Ahmar et Matarka (Meseta orientale maro-
caine) et notice explicative. Notes et Mémoires, Service 
Géologique du Maroc, 190/190 bis.

Médioni R. 1969. Carte géologique du Maroc au 1/100 000, 
feuilles Tendrara Ouest et Matarka (meseta orientale maro-
caine) et notice explicative. Notes et Mémoires, Service 
Géologique du Maroc, 192/192 bis.

Meister C, Alzonna K, Lang J, Mathey B. 1992. Les Ammonites 
du Niger (Afrique occidentale) et la transgression transsa-
hrienne au cours du Cénomano-Turonien. Géobios, 25 (1): 
55-100.

Meister C, Rhalmi M. 2002. Quelques Ammonites du Cénoma-
nien-Turonien de la région d’Errachidia-Boudnib-Erfoud 



34 A. Aït Boughrous et al. – Microparasellid isopods (Crustacea) from Morocco

(partie méridionale du Haut-Atlas Central, Maroc). Revue de 
Paléobiologie, Genève, 21 (2): 759-779.

Messouli M. 1984. Recherches de la faune stygobie des sources 
de la région de Marrakech. Mémoire de DEA, Université de 
Marrakech: 1-35. 

Messouli M. 1994. Evolution, phylogénie et biogéographie his-
torique des Metacrangonyctidae, Crustacés Amphipodes 
stygobies du Nord de l’Afrique et des régions voisines. Doc-
toral thesis, University of Marrakesh, 309 p.

Michard A. 1976. Eléments de géologie du Maroc. Notes et 
Mémoires, Service géologique du Maroc, 252: 1-408.

Myers AA, De Grave S. 2000. Endemism: origins and implica-
tions. Vie et Milieu, 50: 195-204.

Néraudeau D, Mathey B. 2000. Biogeography and diversity of 
South Atlantic Cretaceous echinoids: implications for circula-
tion patterns. Palaeogeography, Palaeoclimatology, Palae-
oecology, 156: 71-88.

Notenboom J. 1991. Marine regressions and the evolution of 
groundwater dwelling amphipods (Crustacea). Journal of 
Biogeography, 18: 437-454.

Palmer MA. 1984. Invertebrate drift: behavioral experiments with 
intertidal meiobenthos. Marine and Behavioural Physiology, 
10: 235-253.

Palmer MA. 1988. Dispersal of marine meiofauna: a review and 
conceptual model explaining passive transport and active 
emergence with implications for recruitment. Marine Ecololy 
Progress Series, 48: 81-91.

Palmer MA. 1992. Incorporating lotic meiofauna into our under-
standing of faunal transport processes. Limnology and Ocea-
nography, 37: 329-341.

Palmer MA, Molloy RM. 1986. Water fl ow and the vertical dis-
tribution of meiofauna: a fl ume experiment. Estuaries, 9: 
225-228.

Pesce GL, Tetè P, de Simone P. 1981. Ricerche faunistiche in acque 
sotterranee freatiche del Maghreb (Tunisia, Algeria, Morocco) 
e dell’ Egitto. Natura. Societa italiana di Scienze Naturali e del 
Musei Civici di Storia Naturale di Milano, 72 (1-2): 63-98.

Reyment RR. 1980. Biogeography of the Saharan Cretaceous and 
Paleocene Epicontinental Transgression. Cretaceous Research, 
1: 299-327.

Reyment RR. 1986. Transgressional maxima of the Late Creta-
ceous in the western Tethys. International Symposium on 
shallow Tethys 2, Wagga Wagga: 303-308.

Reyment RR. 1986. Spanish and North African region of Tethys 
in the Late Cretaceous. International Symposium on shallow 
Tethys 2, Wagga Wagga: 309-317.

Reyment RR. 2003. Morphometric analysis of variability in the 
shell of some Nigerian Turonian (Cretaceous) ammonites. 
Cretaceous Research, 24: 789-803.

Reyment RR, Dingle RV. 1987. Palaeogeography of Africa during 
the Cretaceous period. Palaeogeography,Palaeoclimatology 
Palaeoecology, 59: 93-116.

Rhalmi M. 2000. Le Cenomano-Turonien au sud du Haut-Atlas 
central marocain (Bassins de Ouarzazate et Errachidia-Boudnib-
Erfoud). Sédimentation, stratigraphie et diagenèse. Doctoral 
Thesis, University Cadi Ayyad, Marrakesh, 217 p.

Ruhard JP. 1977. Le bassin quaternaire du Tafi lalt. In: Ressources 
en Eau du Maroc, tome 3, Domaines atlasique et sud-atlasique. 
Notes et Mémoires du Service Géologique, 231, Service 
Géologique du Maroc Ed.: 352-415

Serban E. 1964. Nouvelles données sur les Microparasellides 
(Isopodes) de Roumanie: Microcharon motasi nov. sp., Mi-
crocharon orghidani nov. sp. et Microcharon oltenicus nov. 
sp. Vie et Milieu, 15: 341-364.

Stoch F, Galassi D M P. 2002. Microcharon novariensis, a new 
microparasellid isopod from groundwater in Italy (Crustacea, 
Isopoda, Janiroidea). Italian Journal of Zoology, 69: 183-
190.

Stock JH. 1977. Microparasellidae (Isopoda Asellota) from Bo-
naire. Studio Fauna Curaçao, 51 (168): 69-91.

Stock JH. 1980. Regression model evolution as exemplifi ed by 
the genus Pseudoniphargus (Amphipoda). Bijdragen tot de 
Dierkunde, 50 (1): 105-144.

Swofford DL. 1993. PAUP: Phylogenetic analysis using parsi-
mony, version 3.1.1. Sinauer Associates, Sunderland, Mas-
sachussetts.

Swofford DL. 2002. PAUP. Phylogenetic analysis using parsi-
mony (and other methods). Version 4. Sinauer Associates, 
Sunderland, Massachussetts.

Wägele JW. 1990. Aspects of the evolution and biogeography of 
stygobiontic Isopoda (Crustacea: Peracarida). Bijdragen tot 
de Dierkunde, 60: 145-150.

Wilson GDF. 1994. A phylogenetic Analysis of the isopod Family 
Janiridae (Crusracea). Invertebrate Taxonomy, 8: 749-766.

Yacoubi Khebiza M. 1990. Ecologie et biogéographie des biocé-
noses aquatiques des nappes alluviales de quelques vallées du 
Haut-Atlas de Marrakech (Maroc). Paléobiogéographie des 
Crustacés phréatobies. 3e cycle thesis, Marrakesh University, 
246 p.

Yacoubi Khebiza M. 1996. Biocénoses aquatiques interstitielles 
des vallées du Haut-Atlas de Marrakech: Microdistribution, 
Dynamique de répartition, Ecologie et Biogéographie. Doc-
toral thesis, Marrakech University, 374 p.

Yacoubi-Khebiza M, Boulanouar M, Coineau N. 1997. Un nou-
veau Microparasellidae (Crustacé Isopode) du Haut-Atlas; 
aspects phylogénétiques et biogéographiques. Contributions 
to Zoology, 66 (4): 227-234.

Yacoubi-Khebiza M, Coineau N, Boutin C, de Bovée F. 1999. 
Interstitial crustaceans and groundwater quality in fi ve rivers 
of the western High Atlas (Morocco). J.H. Stock Memorial 
Issue, Crustaceana, 72 (8): 893-898.

Received: 8 May 2006
Accepted: 22 December 2006


