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fish fauna: a faunal inventory for the Early
Pliocene remigration into the Mediterranean

Werner Schwarzhans'?*

Abstract

The coquina on the banks of the Oued Beth in the Rharb Basin in northwestern Morocco has long been known to

be exceptionally rich in fossils. The stratigraphic position ranging from the Late Miocene to the Pliocene has been
controversial, however. In the course of my master’s degree field work in 1975/76, | mapped the right bank of the
Oued Beth from Dar bel Hamri to El Kansera. Following multiple recent studies in the general region, | here review my
results and present an updated comprehensive stratigraphic and geologic frame for the first time. The coquina near
Dar bel Hamri is interpreted to be of Early Pliocene age, possibly containing some reworking of Late Miocene fossils.
The coquina and other locations along the Oued Beth have yielded a rich otolith assemblage, which is described in
this article. It represents the first fossil otolith-based fish fauna described from Northwest Africa and contains 96 spe-
cies, 16 of which are new. The new species in the order of their description are Diaphus maghrebensis n. sp., Ophidion
tusetin. sp., Centroberyx vonderhochtin. sp., Myripristis ouarredi n. sp., Deltentosteus planus n. sp., Caranx rharbensis n.
sp., Trachurus insectus n. sp., Parapristipoma bethensis n. sp., Pomadasys zemmourensis n. sp., Cepola lombartei n. sp.,
Trachinus maroccanus n. sp., Trachinus wernlii n. sp., Uranoscopus hoedemakersi n. sp., Uranoscopus vanhinsberghi n.

sp., Spondyliosoma tingitana n. sp., and Opsodentex mordax n. sp. In addition, a new species is described from the
Tortonian and Zanclean of Italy: Rhynchoconger carnevalei n. sp. Some additional otoliths are described from another
Northwest Moroccan location of Early Pliocene age near Asilah, 50 km south of the Strait of Gibraltar. The Early Plio-
cene fish fauna from Dar bel Hamri in the Rharb Basin is also of interest, because it constitutes the nearest Atlantic
fauna of the time of the reconnection of the Mediterranean with the Atlantic and may have acted as a hosting area
for the remigration of fishes into the Mediterranean. Indeed, the correlation is high between the Northwest Moroccan
and the well-known time-equivalent Mediterranean fish fauna, but the Moroccan fauna also contains a good propor-
tion of putative endemic taxa and taxa with tropical West African affinities that apparently did not migrate into the
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Mediterranean. Thus, the Early Pliocene fish fauna from the Rharb Basin represents a unique assemblage for which |

propose the biogeographic term “Maghrebian bioprovince!

Keywords Fish otoliths, Morocco, Rharb Basin, Pliocene, Maghrebian bioprovince, Stratigraphy

Introduction

The fossil-rich coquina (lumachelle in French) of Dar
bel Hamri in northwestern Morocco was discovered by
Lecointre in 1916. The outcrop is located about 1.5 km
south of Dar bel Hamri along the right river banks of the
Oued Beth. It belongs to a sequence of sediments depos-
ited along the southern margin of the funnel-shaped
Neogene Rharb Embayment that opened to the Atlantic
and connected eastward through the Prerifian strait to
the Mediterranean prior to its closure during the termi-
nal Miocene (Fig. 1). Lecointre considered the coquina
at Dar bel Hamri to be of Early Pliocene age. Molluscs
found there were the subject of extensive research that
led to controversial views in respect to the stratigraphic
position of the deposits ranging from the Tortonian
(Gignoux, 1950) to the Sahelian (Late Miocene equiva-
lent) by Deperet and Gentil (1917), Bourcart et al. (1940),
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and Chavan (1944) and to the Early Pliocene. Lecointre
always maintained the view that the Lagerstitte was of
Early Pliocene age (1944, 1952, 1963), culminating in an
article with the title “La faune de Dar bel Hamri (Maroc)
est d’age pliocene” by Lecointre and Roger (1943). All
these studies were based primarily on the rich mollusc
fauna from Dar bel Hamri and did not take into account
other fossil groups or outcrops along the Oued Beth.
These controversial views, and the information sup-
plied by my colleague F. von der Hocht (Kerpen), who
found abundant otoliths in the coquina during a sam-
pling expedition in 1974, triggered my desire to under-
take a more regional stratigraphic study in the course of
my master’s thesis at the Freie Universitdt Berlin. The
Oued Beth cuts through a Neogene sedimentary sec-
tion that is particularly well and nearly continuously
exposed along its right bank over a distance of about
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Fig. 1 Regional map of northern Morocco outlining distribution of Neogene sediments. Schematized and simplified after the detailed map
published by Saadi et al. (1980). The study areas highlighted are the Oued Beth outcrop section (red rectangle) and the Asilah outcrop (red asterisk)
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Fig. 2 Geological map of the studied area from Dar bel Hamri to El Kansera resulting from a review of my master thesis (1977), and highlighting
sections sampled. The location of the subsurface Sidi Fili fault and Nappe Prérifaine front are extrapolated from Tilloy (1952) and the postulated
extension of the Kenitra-Sidi Slimane fault is from Zouhri et al. (2002)
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25 km north to south between Dar bel Hamri and El
Kansera (Fig. 2). The idea was to apply the then still
fairly newly established biostratigraphic zonation with
planktonic foraminifera to these sediments. Field work
was undertaken in 1974, 1975 and 1976. During this
time, I had the most pleasant experience with Moroc-
can hospitality and was invited to stay at the home of
Abdslam Ouarred and his family, who became a good
friend. The thesis was completed in 1977. It was among
the first studies using planktonic foraminifera in the
region along with Feinberg (1976, 1978), Feinberg and
Lorenz (1970, 1971), and Wernli (1978). A large, supra-
regional biostratigraphic study of post-nappe (“Nappe
Prerifaine”) Neogene strata in Morocco was performed
by Wernli (1988) and has remained the standard refer-
ence to date. All these planktonic foraminifer studies
concluded that the coquina of Dar bel Hamri is of Early
Pliocene age, thereby confirming Lecointre’s view.

More recently, the Neogene sedimentary sequence
south of the Rif Mountain chain in northern Morocco has
triggered renewed interest, as it is considered to repre-
sent the last marine strait between the Northeast Atlan-
tic and the Mediterranean prior to the Messinian Salinity
Crisis in the Mediterranean. Many detailed geological
and biostratigraphic studies have been conducted on the
Atlantic side at the iconic Bou Regreg section near Rabat
further to the west of the study area (Barbieri & Ori,
1997; Barhoun et al., 1999; Benson & Rakic-El Bied, 1991;
Gebhardt, 1993; Hilgen et al., 2000; Hodell et al., 1994;
Krijgsman et al., 2004; Rakic-El Bied & Benson, 1996),
in the Saiss region further to the east of the study area
(Capella et al., 2017, 2018a, 2018b; Tulbure et al., 2017),
and in samples from wells in the Rharb Basin (Daya et al.,
2005; Yousfi et al., 2013). The Oued Beth section does not
seem to have been comprehensively studied.

A number of samples from my field work in 1974/75/76
and the otoliths that F. von der Hocht (Kerpen) and I then
collected are still preserved. Here, I review the results of
my unpublished master’s thesis and update them in the
light of newer biostratigraphic research. Only a few oto-
lith-based species have so far been described from there
(Schwarzhans, 1981, 1993, 1999). Therefore, the second,
larger part of the current article deals with the descrip-
tion of the otoliths mostly collected from the classical
locality at Dar bel Hamri plus a few other localities along
the Oued Beth section and from Asilah further north in
Morocco. One of the main aims is to compare the Early
Pliocene fish fauna reconstructed from otoliths from the
Atlantic realms of Morocco with those found in many
well-studied coeval localities around the Mediterranean
(e.g., Nolf & Cappetta, 1988; Nolf & Girone, 2006; Nolf
& Martinell, 1980; Nolf et al., 1998; Schwarzhans, 1978a,
1986; van Hinsbergh & Hoedemakers, 2022).
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Regional geology
Along its course in the North, the level of the Oued Beth
falls from about 60 m AMSL near El Kansera to about
40 m at Dar bel Hamri. The summit plane level rises from
about 78 m ASML due south of Dar bel Hamri to 230 m
near Kef Nsour and 332 m at the top of the Jebel Kansera
(Fig. 2). The summit plane is also distinctly tilted west-
ward; for instance, from 230 m near Kef Nsour to about
150 m on the distant western bank. In consequence, the
Neogene outcrop situation is particularly well exposed
along the right river banks and specifically at certain
eroding banks that have been selected as main geologi-
cal sections (Fig. 3). These are the eroding banks about
1.5 km south of Dar bel Hamri with the famous coquina
exposed at river level (section 1; see Fig. 7 in Tilloy, 1952),
low banks at Sidi Mohamed ech Chleuh (section 2;
Figs. 2, 3a), the high cliff of Kef Nsour (section 4; Figs. 2,
3b,c), exposures near Sidi bou Sensal (sections 6 and 7;
Figs. 2, 3d—e), and local outcrops in cross-cutting ravines
of small streams below the Jebel Zebouj (section 3; Fig. 2)
and in the Chaba Koudiat el Mogen (section 5; Fig. 2).
The terrain southward from Dar bel Hamri is relatively
flat lying away from the river for about 5 to 6 km ris-
ing from about 70 to 120 m, and to the North of Dar bel
Hamri grades into the Rharb Plain between 30 and 40 m.
The flat lying terrain south of Dar bel Hamri is topped by
terrestrial to fluviatile Early Pleistocene deposits, the Vil-
lafranchian, and in the Rharb Plain by fertile Quaternary
soil. South of Sidi Aissa (Fig. 2), the morphology becomes
hilly due to erosion exposing Neogene sediments at the
surface, although rarely well exposed due to agricultural
activity except in the eroding river banks. Westward of
El Kansera, the Oued Beth has cut a deep gorge through
a Prerif Ridge with beautifully exposed upthrusted Early
Jurassic limestones (section 8; Figs. 2, 3f). The Oued Beth
is dammed at the entry to the gorge, forming the Kansera
barrage lake (Fig. 2).

Stratigraphy
The identification of the observed planktonic foraminif-
era is mainly based on Wernli (1988), with a few cases
not covered in Wernli being identified from mikrotax.org
(Young et al.,, 2022) and other literature sources. Absolute
range charts vary to some extent in the literature. I have
followed mikrotax.org (Young et al.,, 2022) and Aze et al.
(2011) for the main part and Maniscalco and Brunner
(1998) for the Globorotalia margaritae plexus. Occur-
rences in studied sections and related regional biostrati-
graphic events follow Wernli (1988), Barhoun and Bachiri
Taoufiq (2008), and Yousfi et al. (2013).

The Neogene sedimentary sequence in the study
area commences with a conglomerate with carbonatic
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Fig. 3 Photographs of selected section locations. a Base of section 2 at Sidi Mohamed ech Chleuh above river level. b, ¢ Kef Nsour cliff (section 4);
b panoramic view; ¢ view of cliff top with Piacenzian sediments exposed. d, e Tortonian outcrop sequence near Sidi bou Sensal (section 7, and

section 6 to the left in d); d panoramic view; e eroded basal Tortonian bioturbated mudstones at section 7 in the Oued Beth river bed; f panoramic
view of upthrusted Jurassic rocks of the Jebel Kansera along the Oued Beth gorge

matrix preserved in small pockets on the Jebel Kansera along the back-limb of the upthrust Jebel Kansera-Lah-
and Jebel Lahfari and an overlying unit of banked silty  fari complex and in a shallow anticline exposed in the
marl and marlstone with abundant bioturbation found = Oued Beth riverbed and right bank near Sidi Bou Sensal
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Fig. 4 Schematized outcrop-section along the Oued Beth right river bank based on studied sections
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Fig. 5 Range chart of selected planktonic foraminifera observed in the study area. Ranges after mikrotax.org (2022) and Aze et al. (2011) and
Maniscalco and Brunner (1998) for the Globorotalia margaritae plexus. Occurrences in studied sections and related regional biostratigraphic events
mainly after Wernli (1988), Barhoun and Bachiri Taoufiq (2008) and Yousfi et al. (2013). Numbers refer to the sampled sections shown in Fig. 2

(section 7; Figs. 2, 3d,e, 4, 5). No fossils were found in  Sensal, the highest part of this unit, which may not be
the conglomerate and the sediments on the flanks of much thicker than 10-20 m in total, contained plank-
the Jebels. Samples taken from the outcrop at Sidi bou  tonic foraminifera, most commonly Sphaerodinellopsis
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seminulina and Trilobatus trilobus, but also a few spec-  as early late Tortonian (base of planktonic foraminifera
imens of Globorotalia plesiotumida (Figs. 5, 61) and G.  zone N17a / M13b), but the lower, seemingly barren,
merotumida and Neogloboquadrina acostaensis (sinis-  part of the section could be older.

tral; Fig. 5). The biostratigraphic position is interpreted
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Fig. 6 Photoplate of selected planktonic foraminifera deemed of stratigraphic significance. Globorotalia margaritae primitiva: a Sidi Mohamed ech
Chleuh (section 2), Zanclean level 2. Globorotalia margaritae margaritae: b, Kef Nsour (section 4), higher Zanclean; ¢, d, Sidi Mohamed ech Chleuh
(section 2), Zanclean level 2;. Globorotalia margaritae evoluta: e, Kef Nsour (section 4), higher Zanclean. Globorotalia praemargaritae: f-h, Sidi bou
Sensal (sections 6 and 7), Tortonian clay. Globorotalia cibaoensis ?:i Sidi Mohamed ech Chleuh (section 2), Zanclean level 1. Globorotalia crassula: j
Kef Nsour (section 4), basal Zanclean. Globorotalia juanai ?: k Jebel Zebbou;j (section 3), higher Zanclean. Globorotalia plesiotumida: 1 Sidi bou Sensal
(section 7), basal Tortonian mudstone. Globorotalia saphoae: m Sidi bou Sensal (section 7), Tortonian clay. Globorotalia miotumida: n Sidi Mohamed
ech Chleuh (section 2), Zanclean level 2 (presumed reworked). Globorotalia merotumida: o, p Dar bel Hamri (section 1), Zanclean, yellow sands

of Dar bel Hamri (presumed reworked). Neogloboquadrina acostaensis: q Sidi bou Sensal (section 7), Tortonian clay; r Kef Nsour (section 4), basal
Zanclean. Neogloboquadrina incompta: s Sidi bou Sensal (section 6), Tortonian clay. Neogloboquadrina dutertrei: t Jebel Zebbouj (section 3), higher
Zanclean. Globigerinoides extremus: u Jebel Zebbouj (section 3), higher Zanclean. Sphaeroidinellopsis kochi: v Dar bel Hamri (section 1), coguina.
Sphaeroidinellopsis seminulina: w, x Sidi bou Sensal (section 7), Tortonian clay. Sphaeroidinella dehiscens: y Jebel Zebbouj (section 3), higher Zanclean
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At section 7 and extending into section 6, this basal
unit is overlain by a thick sequence of massive calcar-
eous clay of medium gray to blue-gray color that does
not show apparent bedding. This sequence corresponds
to the “detritic molasse” of Faure-Muret and Choubert
(1971) and indicates a rapid deepening of the sedimen-
tary environment. It is possible that it has been affected
by synsedimentary redeposition or slumping caused
by over-steepening and slope failure along the puta-
tive nearby basin flanks. Samples taken at section 6
from this interval were rich in microfossils (Fig. 5). The
most common planktonic foraminifera are Globorota-
lia praemargaritae (Fig. 6f—h) and Sphaeroidinellopsis
seminulina (Fig. 6w, x). Other characteristic species
are Dentoglobigerina altispira, Globigerinoides extre-
mus (Fig. 6), Neogloboquadrina acostaensis (sinistral;
Fig. 6q), and Globorotalia saphoae (Fig. 6m), the lat-
ter from a single specimen that very much resembles
G. saphoae as depicted by Wernli (1988) from the Tor-
tonian, while in the Mediterranean it occurs only in
the early Messinian. Benson and Rakic-El Bied (1991)
showed G. paemargaritae in the late Tortonian. Achalhi
et al. (2016) used G. juanai (priorized by praemarga-
ritae according to Wernli, 1988) as diagnostic for Tor-
tonian (M13a in that case) and Wernli (1988) for zone
N17. The sinistral coiling orientation found in N. acos-
taensis is also characteristic (Barhoun & Bachiri Taou-
fiq, 2008; Yousfi et al., 2013). The predominance of the
coiling direction in N. acostaensis changed from sinis-
tral to dextral at about 6.35 Ma (Lourans et al. 2004).
Neogloboquadrina incompta occurs for the first time
in this interval and according to Wernli (1988) is found
regularly in Morocco beginning with N17. Because of
these occurrences and the further co-occurrence with
G. extremus, the sedimentary sequence of section 6 is
here interpreted as representing the late Tortonian,
zone M13b (N17a). The top of this unit is uncertain,
because no adequate outcrops for sampling have been
identified for the higher section. The top of the Jebel
Boutouil (Fig. 2) shows a clear lithology change. Sam-
ples from above and below that lithology change did
not yield fossils. I consider it to mark the highest pos-
sible base for the Messinian, but it is also plausible that
the Tortonian—Messinian boundary has to be expected
within the un-sampled section between the top of
section 6 and the lithology change observed on Jebel
Boutouil. The well KC1 to the west of Dar bel Hamri
had about 800 m thickness of Late Miocene and prob-
ably coeval sediments (Wernli, 1988). In the study area,
the sequence is in the order of over 200 m thickness
and is found all across the terrain between the Oued
Boudokara fault and the Jebel Kansera-Lahfari thrust
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front fault (see also chapter titled “Structural geology”;
Fig. 2).

The recognition of the Messinian in the Atlantic
Moroccan Neogene has remained a matter of conflict-
ing interpretations, particularly as far as the delimita-
tion toward the Early Pliocene is concerned, as can for
instance be observed in the studies of micropaleonto-
logical findings (compare Barbieri & Ori, 1997; Benson &
Rakic-El Bied, 1991; Krijgsman et al., 2004; Rakic-El Bied
& Benson, 1996; Wernli, 1988; Yousfi et al., 2013). How-
ever, the stratotype for the global boundary of the base
of the Messinian was established at Oued Akrech near
Rabat by Hilgen et al. (2000). Along the Oued Beth sec-
tion, the recognition of Messinian strata has remained
problematic. This is mainly because species considered
to be indicative of the Messinian have not been found
(e.g., Globorotalia conomiozea, G. nicolae, G. mediter-
ranea, G. mulitloba, or G. saheliana). At the base of the
Kef Nsour section, however, specimens of Globorotalia
margaritae primitiva (Fig. 6a) were found not associ-
ated with G. margaritae margaritae. The first occurrence
date (FOD) of both subspecies is within the Messinian,
but that of G. m. primitiva is considered by Maniscalco
and Brunner (1998) to be earlier at about 6.55 Ma. This
level at Kef Nsour and certain higher levels in various
sections also contained a Globorotalia species appar-
ently not reported in Wernli (1988) and interpreted
here as possibly representing G. juanai? (Fig. 6k), but it
seems to occur stratigraphically higher than recorded in
the literature. However, distinction or synonymization of
the formal species G. juanai, G. praemargaritae, and G.
margaritae primitiva vary in the literature (see Stainforth
et al., 1975; Kennet & Srinivasan, 1983; Wernli, 1988;
Aze et al., 2011). Neogloboquadrina acostaensis is found
rarely and in dextral coiling orientation, which according
to Benson and Rakic-El Bied (1991) corresponds to a late
Messinian event at about 5.55 Ma but is shown earlier in
the Messinian at 6.35 Ma in Lourens et al. (2004) and Kri-
jgsman et al. (2004). This interval at Kef Nsour is inter-
preted to be of Messinian age, probably late Messinian.
An outcrop at the base of the Chaba Kaudiat el Mogen
ravine (section 5) is also considered to probably be of
Messinian age. It did not contain any indicative plank-
tonic foraminifera but is unique in containing thin lami-
nae (a few centimeters thick) of gypsum. This indicates
a restricted evaporitic environment for these sediments.
Even though the sediments are probably of Messinian
age they may not be related in any way to the evapo-
rites of the Mediterranean Messinian Salinity Crisis but
may rather represent an ephemeral local event in a small
semi-enclosed sub-basin at the time.

Most of the sediment sequence cut by the Oued Beth
between the Oued Boudokara Fault and Dar bel Hamri
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is considered to be of Pliocene age. This is in agreement
with the geological map of the Rifian region (Saadi et al.,
1980), but in conflict with the regional map in Capella
et al. (2017), where the area is shown as late Messinian.
The basal part of the sequence in question is particu-
larly well exposed in the sections of Sidi Mohamed ech
Chleuh (section 2; Fig. 3a) and Kef Nsour (section 4;
Fig. 3b). It starts with a 3 to 5 m thick dark bluish-gray
clayey silt (level 1), overlain by a similarly thick medium
gray clayey silt (level 2) and in turn by a light gray silty
and clayey sand (level 3) of which the thickness could not
be ascertained (Fig. 3a). The lower two levels are rich in
Globorotalia margaritae margaritae and form an acme
for that species (Figs. 5, 6b—d). It also represents the
first occurrence of G. m. margaritae in the studied area.
These two levels further contain certain other, more rare,
diagnostic species, namely G. m. primitiva, G. crassula
(Fig. 6j), and possibly G. cibaoensis? (Fig. 6i) and a single
specimen of G. miotumida in level 2 (Fig. 6n), which is
considered to be reworked (see also the discussion below
on the coquina). Neogloboquadrina acostaensis is rela-
tively common and is always in dextral coiling orienta-
tion (Figs. 5, 6r). The FOD of G. m. margaritae is given as
5.90 Ma by Maniscalco and Brunner (1998) and 5.95 Ma
by Wade et al. (2011), respectively, in the late Messin-
ian and that of G. crassula (Fig. 6) within zone N18, but
Chaisson and Pearson (1997) show it commencing only
in the Early Pliocene. The highest sequence consisting of
light gray silty sand also includes G. m. evoluta (Fig. 6),
which differs from G. m. margaritae in the last chamber
being widened and the spiral side being even more con-
vex. The FOD of G. m. evoluta is within zone PL1 and
terminates with PL2. Wernli (1988) regarded both sub-
species (G. m. margaritae and G. m. evoluta) as indica-
tive of the Early Pliocene, a view that is more or less in
agreement with Yousfi et al. (2013) and Barbieri and Ori
(1997), in particular as to the range of G. m. evoluta. Ben-
son and Rakic-El Bied (1991) recognized an event with
G. margaritae becoming abundant at about 5.3 Ma in the
latest Messinian. A G. margaritae acme was observed
by Rakic-El Bied and Benson (1996) in Ain el Beda near
Rabat and was associated with polarity chron C3r (Gil-
bert), and Krijgsman et al. (2004) correlated it with an
interval from 5.84 to 5.56 Ma during the latest Messin-
ian. However, Krijgsman et al. (2004) also state that the
top of the G. margaritae acme does not correspond to
a real drop in abundance, as the taxon is still common
in the Pliocene. The identification of G. crassula and G.
cibaoensis? requires some explanation, since neither has
been recorded in other studies. Wernli (1988) studied the
Dar bel Hamri section (section 1, see below) and found G.
crassaformis throughout, from which he interpreted the
sediments to be of late Early Pliocene age (PL2). He also
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noted that the specimens were unusually small. In my
view, other possible differences, albeit subtle, are the less
convex umbilical side and the more rounded periphery.
Therefore, attributing these specimens to the precursor
of G. crassaformis, namely G. crassula, appears justified
to me. Very rarely, an even smaller species occurs with
4.5 to 5 chambers in the last whorl that are here tenta-
tively interpreted as G. cibaoensis?. Thus, in the case of
sections 2 and 4 of the Oued Beth outcrop sequence, the
presence of G. crassula throughout and of G. m. evoluta
in the higher part of the interval strongly indicate zone
PL1 and is here interpreted to belong to the Early Plio-
cene (Zanclean; Figs. 4, 5).

A special situation is observed in section 1, 1.5 km
south of Dar bel Hamri, because of the presence of the
coquina at the base of the section and only a very thin,
less than 1 m thick bluish-gray silty marl section above,
both of which (plus an unknown possible deeper sec-
tion) are thought to represent the lateral equivalent
of the unit described above from Sidi Mohamed ech
Chleuh and Kef Nsour. The lateral extent of the coquina
is apparently limited and not known from any other out-
crop in the area. Apart from the coquina and sediments
immediately above and on the higher section of the cliff,
most of the outcrop was obscured during the times of
the visit. The coquina is rich in fossils, mainly molluscs
(Fig. 7), but also small solitary corals, shark teeth, fish
otolith, ostracods, and benthic foraminifera. Planktonic
foraminifera are relatively rare. Wernli (1988) assumed
a depositional water depth of 30-70 m based on the
planktonic—benthonic foraminifera ratio. The section
was studied by Wernli (1988), and my own observa-
tions confirm the findings reported in his monograph,
except for G. crassaformis, which is here interpreted as
G. crassula and which in my samples only occurred in
the higher part of the section and not in the coquina.
In addition to Wernli and the ubiquitous G. m. marga-
ritae, Sphaeroidinella kochi (Fig. 6v), S. seminulina, and
Sphaeroidinella dehiscens (Fig. 6y) were identified. As
noted by Wernli (1988), the coquina also contains several
reworked planktonic foraminifera of Late Cretaceous age
(Globotruncana spp.), Eocene (Globorotalia cerroazulen-
sis, G. gracilis), and Late Miocene (Globorotalia merotu-
mida, Globoquadrina dehiscens). A similar situation has
been observed with molluscs, which probably led to the
different assignments of Late Miocene and Early Pliocene
and was commented on by Lecointre and Roger (1943).
Lecointre and Roger mentioned four gastropod species
that they considered reworked from Miocene strata.
One of them, Ancillaria glandiformis Lamarck 1810
(Fig. 7h), is relatively commonly found in the coquina,
but almost always severely eroded. A common shell in
the coquina and equivalent strata is Amussium cristatum
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Fig. 7 Photoplate of selected macrofossils from the Early Pliocene coquina of section 1, ca. 1.5 km south of Dar bel Hamri. A rock sample is shown

inn

(Bron, 1827), a thin-walled large pectinid, which is eas-
ily recognized by its smooth outer surface and the pres-
ence of multiple thin radial ridges on the inner surface
(Fig. 7a,b). Such a shell would not survive redeposition
in good shape and is, therefore, regarded as autochtho-
nous. Ben Moussa (1994) described it as particularly
common and large in size in Early Pliocene localities of
Asilah, Tétouan, and Boudinar, but also recorded it from
the Messinian in Mediterranean sections (Melilla). The
shark teeth of Notorynchus primigenius (Agassiz, 1835),
which according to F. von der Hocht (personal commu-
nication) are always strongly eroded, are also considered
to be reworked. Notorynchus is a species ranging into the
Miocene, but not the Pliocene. He also mentioned two
morphotypes of Galeocerdo, one of Miocene origin and
always eroded, and another Pliocene species well pre-
served. It thus appears that the basal Pliocene strata in
Dar bel Hamri contain significant amounts of reworked
fossils, which is also seen in time-equivalent strata fur-
ther to the south (Sidi Mohamed ech Chleuh and Kef
Nsour) but to a much lesser degree. The origin of the
reworked fossils will be elucidated in more detail in the
chapter titled “Structural geology” and is probably related
to erosion from the Nappe Prerifaine in the North and
directly underlain and apparently eroded Late Miocene
strata. A selection of common and typical macrofossils in

the coquina of gastropods, lamellibranchiates, and soli-
tary corals is depicted in Fig. 7.

The main, upper part of the section at Dar bel Hamri
(section 1) is composed of a yellow sand (the “sables jaune
de Dar bel Hamri”) with a few interbeds (see Tilloy, 1952,
for detailed lithology section). Aragonitic fossils are not
preserved, and the contents of planktonic foraminifera
decreases probably because of a shallowing environmen-
tal setting. Southward, at Sidi Mohamed ech Chleuh and
Kef Nsour, this sequence gradually thickens, indicating
that the depocenter was further south, and the sediments
change to a silty fine sand and clayey silt. In a section rel-
atively high in the sequence at Jebel Zebbouj (section 3),
a relatively deep water environment continued and arag-
onitic fossils are still preserved. The composition of the
planktonic foraminifera does not change significantly,
except for G. m. margaritae becoming increasingly rarer
and disappearing in the higher part of section 1 and being
absent in section 3. Some reworked specimens still occur
in the higher part of section 1, notably G. merotumida.
The higher parts of sections 1, 2, and 4 are interpreted as
undifferentiated PL1-2. Section 3 represents the highest
point in the sequence, bears more and better preserved
specimens than its rather lean equivalents in sections 1,
2, and 4, and may represent biozone PL2. Neoquadrina
dutertrei (Fig. 6t) occurs here for the first time.
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The marine Neogene section terminates with the
interval considered to represent biozone PL2 in most
studied sections, but at Kef Nsour a higher stratigraphic
interval is preserved at the top of the cliff (Fig. 3c). It
is about 10 m thick and composed of relatively coarse,
cross-bedded medium to coarse sands with some pock-
ets of finer sand. These finer sand pockets contained
few planktonic foraminifera (i.e., Dentoglobigerina
altispira, Globorotalia crassaformis, and Pulleniatina
obliqueloculata), indicating a Piacenzian age, in agree-
ment with the stratigraphic assessment of Yousfi et al.
(2013) in a well in the center of the Rharb Basin. These
rocks represent the last marine sediment found along
the studied Oued Beth section.

In summary, a review of the preserved samples
from my unpublished master’s thesis and a review
of the results in the light of modern biostratigraphic
research in Morocco have demonstrated that the out-
crop sequence along the right river banks of the Oued
Beth between Dar bel Hamri and El Kansera repre-
sents a stratigraphic sequence from the late Tortonian
(M13b) up to the Early Piacenzian (Figs. 2, 3, 4, 5). The
sequence may have some local interruptions or hia-
tuses at undefined levels of the Messinian, but other-
wise appears to be continuous. A dense stratigraphic
interval sampling should be possible, and the sections
of Kef Nsour and Sidi bou Sensal appear particularly
promising for that purpose. The higher part of the sec-
tion of Sidi bou Sensal may require shallow hand drills
for optimal sampling. The sequence Globorotalia prae-
margaritae, G. m. primitiva, G. m. margaritae, and G.
m. evoluta as well as the occurrence of G. plesiotumida
and G. crassula appear to provide particularly promis-
ing results. An unambiguous Messinian interval with

Kenitra-Sidi Slimane
Fault
(postulated)

P& Dar bel Hamri
ASML ——%
—1 Quat.

Sidi Fili
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(common) G. conomiozea or G. nicolae is yet to be
found in this sequence.

Structural geology

The study area is located at the southern rim of the larger
Rharb Embayment of the Neogene Northeast Atlantic
and covers terrain at the westernmost Prerif Ridges and
thus along the hinge between the Saiss sub-basin and
the Mamora platform (Fig. 1). The exposures are basi-
cally structured into three parts: (1) the southern part is
characterized by the upthrust Jurassic rocks of the east-
verging Jebel Kansera/Lahfari thrust front; (2) the central
part is characterized by uplifted Late Miocene sediments
bound to the North by the Oued Boudokara fault; and
(3) the northern part is characterized by a flat-lying and
essentially undisturbed Early Pliocene sedimentary cover.
The Prerif Ridges were formed as a response to compres-
sional and rotational forces that affected the stable NW-
African plate margin during the Neogene to the south
of the bethic-rifian orogeny. The Prerif Ridges form an
arcuate geometry in map view with trending south-
west to west to northwest fault fronts and have been
intensely studied for decades (see Faure-Muret & Chou-
bert, 1971; Sani et al., 2006; Roldén et al., 2014 and lit-
erature cited therein). Following the principles of section
balancing in compressional regimes, Flinch (1993), Zizi
(1996), Haddaoui et al. (1997), and Roldén et al., (2014)
explained the Prerif Ridges by compression exerted from
the approaching Rif orogeny beginning in the Late Mio-
cene and culminating in the Late Pliocene (Zizi, 1996).
The decollment of the sole thrust from which the indi-
vidual Prerif Ridges would represent splays is located
within Triassic evaporites. The basement is not involved
in the deformation of the Prerif Ridges (Zizi, 1996). Com-
mercial oil wells have shown thicknesses of about 1000 m

Oued Boudokara El Kansera
Fault Thrust Fault

th V

Pliocene —

late Miocene

Paleozoic Basement

!

Fig. 8 Conceptual structural cross-section through studied area based on Zizi (1996) and own field observations (scale 1:1). Subsurface thicknesses
are extrapolated from sections of nearby wells published in Saadi et al. (1980) and Sani et al. (2006). Subsurface positions of not-exposed tectonic
elements after Tilloy (1952), Zizi (1996), and Zouhri et al. (2002)

Triassic
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of Triassic and about 1400 m of Jurassic rocks about 10
to 20 km west of the study area (geological map by Saadi
et al., 1980). The thrust model is depicted in an inter-
preted seismic line and geo-seismic interpretation tying
up Jebel Jebil and Jebel Kansera by Zizi (1996, pl. 22).
The model is consistent with the observations I made
on Jebel Kansera along the Oued Beth gorge (Figs. 3f, 8)
(see also Roldan et al., 2014). A small, deep, and rather
shallow anticline located in the study area in front of
Jebel Kansera (section 7; see above) probably represents
a buckling in the foreland of the Kansera thrust fault that
could lead up to the Jebel Balaas thrust front (Figs. 2, 4,
8; see also Balaas cross section in Zizi, 1996; Fig. 3.33).
The Oued Boudokara fault represents the outermost
thrust-related reverse fault of the Prerif Ridges in the
study area, connecting the northern termination of Jebel
Jebil with the foreland of Jebel Balaas (Figs. 2, 4, 8). Tor-
tonian is displaced against Pliocene across the fault and,
because of the soft nature of the affected sediments, the
fault is expressed as a wadi erosion on the surface (Oued
Boudokara) along the zone of weakness. Generally, the
thrust faults of the Prerif Ridges cut through Early and
Late Pliocene strata, and while they may have been active
synsedimentarily through the Late Miocene and Early
Pliocene (Haddaoui et al., 1997), they must still have had
a strong tectonic pulse after the deposition of the Piacen-
zian. However, the observed thickening of the Pliocene
section in the study area from Dar bel Hamri toward the
Oued Boudokara fault (Fig. 4) is probably caused by syn-
sedimentary depression and sedimentary accretion in the
foreland of the propagating thrust faults.

An important tectonic element in the context of the
formation of the Prerif Ridges is the Sidi Fili fault (Figs. 2,
8). The Sidi Fili fault is named after an oil field discov-
ered in the 1950s, which itself was named after a small
village, Sidi Fili (Fig. 2), on the left bank of the Oued Beth.
It is not expressed on the surface but well constrained
by commercial oil wells (Saadi et al., 1980). The Sidi Fili
fault represents a major SW-NE trending Mesozoic
basin margin fault with Paleozoic rocks exposed under
the Neogene cover on the northwestern shoulder (foot
wall) and Mesozoic, chiefly Triassic and Early Juras-
sic, sediments of about 2500 m thickness in the hang-
ing wall within the study area (Sani et al., 2006; Fig. 8).
The long-ranging sedimentary hiatus in the Rharb Basin
(Early Jurassic to Late Miocene in the study area) has
resulted in a complex pre-Neogene subcrop map (Zizi,
1996; Fig. 3.39). The Prerif Ridges only extend over the
downthrown side of the Sidi Fili fault in the presence of
evaporitic Triassic sediments in the basin, whereas the
foot wall of the Sidi Fili fault may have acted as an abut-
ment against the propagating thrusts (Fig. 8). Sani et al.
(2006) assumed that the Sidi Fili fault may have been
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reactivated during the time as a dextral strike slip fault.
While strike slip faults no doubt accompany compres-
sional tectonics, the seismic sections depicted in their
study do not suggest reactivation along the Sidi Fili fault.
More likely, strike slip movements occurred basinward
of the Sidi Fili fault. For instance, the steep symmetrical
flanks of Jebel Jebil, which was not studied in the course
of my field work, could represent a strike slip fault-related
flower structure. The sharp drop-off into the Rharb Plain
north of Dar bel Hamri and the sudden increase of the
Neogene sedimentary sequence from about 800 m at Sidi
Fili in the study area to more than 2,000 m in well OR3
near Sidi Kacem (see Saadi et al.,, 1980 and Sani et al,,
2006) indicates that a north-verging normal fault may
cut the Sidi Fili basement high to the north. Zouhri et al.
(2002) show such a configuration in seismic sections a lit-
tle further to the west limiting the Mamora platform to
the north, which they termed the Kenitra—Sidi Slimane
fault. It is here postulated that this fault extends eastward
into the study area just north of Dar bel Hamri (Figs. 2,
8). The fault is younger than the Mesozoic Sidi Fili fault
and seems to cut through the older NE-SW trending
fault system (Zoubhri et al., 2001). It probably represents a
Mio-Pliocene growth fault controlling the sedimentation
in the Rharb depocenter.

In addition to the tectonic elements described above,
further tectonic-related events influenced the basin his-
tory in the study area. In particular, the Nappe Prerifaine
(see Bruderer & Lévy, 1954, for a historic review) should
be mentioned in this respect, which is composed of
imbricates and chaotically mixed sediments of Late Cre-
taceous to Early Miocene age and can reach up to 3000 m
in the northern part of the Rharb Basin (Zizi, 1996). Long
recognized as olistostromatic in nature, it was originally
postulated to be caused by gravitational gliding from the
shoulders of the Rif orogeny (Bruderer & Lévy, 1954)
and more recently was interpreted as a large accretion-
ary wedge in front of the Rif orogeny with superimposed
slides by Flinch (1993). It was emplaced during the Late
Miocene (Tortonian; Roldan et al., 2014) and terminated
during the Early Pliocene (Flinch, 1993; Zizi, 1996). Inter-
preted seismic lines to the west of the study area show
relatively thin slabs of the Nappe Prerifaine, sometimes
with irregular, probably erosional tops (Sani et al., 2006),
indicating the slump-type nature of the front of the nappe
and its partial erosion. This observation would explain
the occurrence of reworked Cretaceous and Paleogene
planktonic foraminifera found in the Pliocene sediments
of the Oued Beth outcrops (see above) and in particular
in the coquina of section 1.

Capella et al. (2017) depict in their Fig. 3 a buried chan-
nel of Late Miocene to Pliocene age that they extracted
from a proprietary SCP/ERICO report of 1991 (see
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Capella et al., 2017, for reference), which they interpreted
as a contourite moat. This buried channel is shown pass-
ing through the study area in a northward direction
just west of Jebel Balaas. Later, de Weger et al., (2020a,
2020b, 2020c, 2021, 2022) interpreted certain sediment
sequences identified in outcrops further to the east as
related to paleo-Mediterranean Outflow Water (paleo-
MOW) channels and contourites that occurred between
7.8 Ma and 7.51 Ma (late Tortonian). If further verified
and made public, the buried channel west of Jebel Bal-
aas may have been younger in time and not related to a
paleo-MOW. During the Early Pliocene, the Rharb Basin
formed a funnel-shaped inland extension of the adjacent
Northeast Atlantic, and the channel observed on the seis-
mic sections could be related to the charge of tidal water
into the funnel and water reflux during low tide. How-
ever, it would have certainly had some influence on the
depositional environment along the Oued Beth outcrops,
having been lateral by only about 2 km and having been
coeval in time. One could speculate that it influenced the
apparent sedimentary hiatus and erosion of (part of) the
Messinian and the accumulation of a submarine coquina
in section 1. This could have resulted in the reworked
Late Miocene planktonic foraminifera found in the Early
Pliocene section.

Paleontology

Material and methods

Most of the studied otoliths were obtained from the
coquina of section 1 (Dar bel Hamri). The sediment was
washed and screened in two fractions (1 mm and 1 cm
mesh sizes) in the Oued Beth. The large mesh size was
chosen to collect otoliths in the field, while the sieve con-
centrate of the small mesh size was taken to the labora-
tory at the facilities of the Paleontological Institute of the
Freie Universitdt Berlin, where I was enlisted as a student
at the time. The sieve concentrate was further processed
with H,O, and otoliths were picked under the micro-
scope. Sieve concentrate from 1 mm mesh size was also
produced from locations 2 (Sidi Mohammed ech Chleuh)
and 4 (Kef Nsour) (Fig. 2) and processed in the same way.
Bulk sediment samples were taken from the other loca-
tions mainly for extraction of planktonic foraminifera for
biostratigraphic purposes. A few otoliths were obtained
from the bulk samples of location 3 (Jebel Zebouj) and
location 5 (Chaba Kaudiat el Mogen). The large collec-
tion of otoliths made by F. von der Hocht and provided
for this study was mostly done with a 2 mm mesh size.
Further to the north, in a temporary outcrop along a
local street south of Asilah, a few otoliths were obtained
from sieve concentrate. All otoliths originate from Zan-
clean sediments except those from Kef Nsour and Chaba
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Kaudiat el Mogen, which are from late Tortonian or early
Messinian sediments.

The coquina of location 1 was found to be rich in oto-
liths, mostly from large specimens of the respective spe-
cies, which is favorable for their identification. However,
they also often showed a moderate degree of erosion,
probably caused by physical abrasion during the sedi-
mentation process. The erosion effect is mostly minor,
but in the case of myctophid otoliths has often led to
abrasion of the delicate denticles along the ventral rim
of the otoliths, which are important for identification.
Locations 2 and 4 provided much fewer otoliths, but they
were mostly well preserved. Due to their deeper paleoen-
vironment, many myctophid otoliths were recovered.
As some well-preserved otoliths were obtained from the
most critical groups, it was also possible to allocate many
eroded specimens, which is crucial for statistical distribu-
tion evaluations. Unidentifiable otoliths are not recorded,
unless they clearly represent different taxa. A total of
4377 identifiable otoliths were obtained, representing 96
species, including 16 new species and 13 in open nomen-
clature. In addition, 45 species also occur today.

The otoliths were photographed with a Wild M400
photomacroscope that was remotely controlled from a
computer. Individual images of every view of the objects
taken at a range of depths of field were stacked using
the Helicon Focus software from Helicon Soft (Charkiv,
Ukraine). Adjustment of exposure and contrast and
retouching were applied in Adobe Photoshop when nec-
essary to improve the images without altering any mor-
phological features. All otoliths are shown from the inner
face (if not annotated otherwise) of the right side and
mirror imaged when necessary. Pleuronectiform oto-
liths are shown from left and right sides to demonstrate
potential side dimorphism.

The morphological terminology used is that estab-
lished by Koken (1884) with amendments by Chaine and
Duvergier (1934) and Schwarzhans (1978b), and the mor-
phometrics for gobies are as established in Schwarzhans
(2014). The abbreviations used are as follows: OL, otolith
length; OH, otolith height; OT, otolith thickness; OsL,
ostium length; CaL, cauda length; OCL, length of ostial
colliculum; CCL, length of caudal colliculum; SuL, sulcus
length; and SL, standard length (in fish).

Since this study represents the first major fossil record
for the region, much effort was made to produce com-
prehensive photographic documentation. The descriptive
section is kept concise with diagnoses and full descrip-
tions only given for new species and short synonymy
listings and brief discussions for all other species. The
systematics follow Nelson et al. (2016) except for the
sequence of orders, which departs in a few instances.



4 Page 14 of 85

Depository: All types (holotypes and paratypes) and
figured specimens are deposited at the Senckenberg
Forschunginstitut und Naturmuseum (SMF), Frankfurt
am Main, under the collection registrations SMF PO
101.184 to .296 and .336, except specimens of Rhyncho-
conger carnevalei n. sp. and of Pterothrissus compactus
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from the Tortonian of Piedmont which are deposited at
the Museo di Geologia e Paleontologia, Universita degli
Studi Torino, Torino, Italy (MGPT-PU). Some non-type
specimens remain in the comparative collections of the
author and F. von der Hocht.

Fig. 9 Pterothrissidae. a—e, Pterothrissus darbelhamriensis Schwarzhans, 1981, Dar bel Hamri, Zanclean; a holotype, SMF P 6234; paratypes, b SMF
6235 (reversed), d SMF P 6237 (reversed), @ SMF P 6236; ¢ Asilah, coll. WWS. fj Pterothrissus compactus Schwarzhans, 1981, Le Puget, southern

France, Zanclean; f holotype, SMF P 6239; paratypes, g SMF P 6240, i SMF P 6243 (reversed); h, j (reversed), MGPT-PU 139453, Stazzano, Piedmont,
Italy, Tortonian
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Systematic paleontology

Class Osteichthyes Huxley, 1880

Subclass Actinopterygii sensu Goodrich, 1930
Division Teleostei Miiller, 1846

Order Albuliformes Jordan, 1923

Family Pterothrissidae Gill, 1893

Genus Pterothrissus Hilgendorf, 1877
Pterothrissus darbelhamriensis Schwarzhans, 1981
Figure 9a—e

1981 Pterothrissus darbelhamriensis—Schwarzhans:

Figs. 6-8.

1997 Pterothrissus darbelhamriensis Schwarzhans,
1981—Nolf & Marques da Silva: pl. 1, Figs. 1-3.

2022  Pterothrissus darbelhamriensis Schwarzhans,
1981—van Hinsbergh & Hoedemakers: pl. 1, Fig. 1.

Material 80 specimens, Zanclean, 79 from Dar bel Hamri
(refigured holotype SMF P6234, and refigured paratypes
SMF P6235-6237) and one from Asilah.

Discussion Pterothrissus darbelhamriensis is known from
the Zanclean and Piacenzian of Atlantic Morocco and
Portugal and has recently also been found in the Piacen-
zian of Estepona near Malaga, Andalusia, Spain by van
Hinsbergh & Hoedemakers. It differs from the coeval
Mediterranean species P compactus Schwarzhans, 1981
in the thinner appearance and the rectangular outline.
Otoliths of P. compactus from the Zanclean of Le Puget,
southern France (Fig. 9f-g, j) and from the Tortonian
of Stazzano, Piedmont, Italy (Fig. 9h, j) are figured for
comparison.

Order Anguilliformes Regan, 1909

Family Heterenchelyidae Regan, 1912
Genus Panturichthys Pellegrin, 1913
Panturichthys cf. fowleri (Ben-Tuvia, 1953)

Figure 10a—d
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1980 Panturichthys subglaber (Schubert, 1906)—Nolf &
Martinell, pl. 1 Figs. 3, 6 (4, 5?).

1989 Panturichthys subglaber (Schubert, 1906)—Nolf &
Cappetta: pl. 1, Fig. 8.

1998 Panturichthys subglaber (Schubert, 1906)—Nolf,
Mané & Lopez, pl. 1, Fig. 4.

2020 Panturichthys sp.—Agiadi & Albano: Figs. 4.3.

2022 Panturichthys subglaber (Schubert, 1906)—van
Hinsbergh & Hoedemakers: pl. 1, Fig. 3.

Material 4 specimens SMF PO 101.184, Zanclean, Dar
bel Hamri.

Discussion Heterenchelyid otoliths have a simplified
otolith morphology with an oval shape, a convex inner
face, a nearly flat outer face, and an essentially unstruc-
tured shallow sulcus that closely approaches the anterior
rim or opens to it. The specimens found in the Pliocene
of the Mediterranean have traditionally been placed
in P subglaber (Schubert, 1906), which was originally
described from the Middle Miocene of Austria. How-
ever, the Pliocene otoliths differ in being more slender
(OL:OH=1.45-1.6 vs. 1.3—1.4), in the lack of a rostrum
(vs. present in most other cases), and in a shorter sulcus
(OL:SuL=1.5-1.75 vs. 1.4-1.5). Instead, the Pliocene
otoliths match well with an otolith figured as Pantu-
richthys sp. from the Holocene off Lebanon (Agiadi &
Albano, 2020) and an otolith of the extant P fowleri,
which I had the opportunity to investigate in the collec-
tion of IRSNB courtesy of D. Nolf (Bruges). Otoliths of
P mauretanicus Pellegrin, 1930, an extant species liv-
ing at the Northwest African shelf are more compressed
(OL:OH =1.35 vs. 1.45-1.6) (for figures see Nolf, 2013).
Two further extant species occur along the tropical West
African coast chiefly south of the equator are P isogna-
thus Poll, 1953 and P. longus (Ehrenbaum, 1915). Their
otoliths are not known. An otolith identified as Pantu-
richthys sp. in Schwarzhans (2013a) from dredges in the
Gulf of Guinea may represent one of the two species and
is distinguished by its very short, narrow and tapering
sulcus. In the light of the occurrence of this morpho-
type in the Early Pliocene of the Mediterranean as well,
all Pliocene records, including the finds in Morocco,
may represent the extant P fowleri except for two fig-
ured specimens in Nolf and Martinell (1980), which are
more compressed but cannot be evaluated based on the
documentation. Because of some remaining uncertainty
related to the fact that no otoliths are known of the two
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Saurenchelys silex

Gnathophis mystax Japonoconger africanus Paraxenomystax cf. bidentatus

Fig. 10 Anguilliformes. a—d Panturichthys cf. fowleri (Ben-Tuvia, 1953), SMF PO 101.184 (a reversed), Dar bel Hamri. 10e, Echelus myrus (Linnaeus,
1758), SMF PO 101.216 (reversed), Dar bel Hamri. f-h, Saurenchelys silex van Hinsbergh & Hoedemakers, 2022, Dar bel Hamri, Zanclean, f SMF PO
101.186, g-h tentatively assigned specimens, SMF PO 101.815 (reversed). i—j, Saurenchelys cancrivora Peters, 1864, extant, West Pacific, i BSKU 69087,
j BSKU 75296. k, Conger sp. juv., SMF PO 101.187 (reversed), Dar bel Hamri. I, Gnathophis mystax (Delaroche, 1809), SMF PO 101.188 (reversed), Dar
bel Hamri. m, Japonoconger africanus (Poll, 1953), SMF PO 101.189 (reversed), Dar bel Hamri. n, Paraxenomystax cf. bidentatus Reid, 1940, SMF PO
101.273, Dar bel Hamri
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extant tropical West African species, I describe the Plio-
cene otoliths as P, cf. fowleri.

Family Ophichthidae Rafinesque, 1815
Genus Echelus Rafinesque, 1810
Echelus myrus (Linnaeus, 1758)

Figure 10e

2022 Echelus myrus (Linnaeus, 1758)—van Hinsbergh &
Hoedemakers: pl. 1, Fig. 5.

Material 1 specimen SMF PO 101.216, Zanclean, Dar bel
Hamri.

Family Nettastomatidae Bleeker, 1864
Genus Saurenchelys Peters, 1864

Saurenchelys silex van Hinsbergh & Hoedemakers,
2022

Figure 10f-h

2022 Saurenchelys silex—van Hinsbergh and Hoedemak-
ers: pl. 1, Figs. 7, 8.

Material 2 specimens SMF PO 101.185 (Fig. 10f) and 2
juvenile specimens SMF PO 101.186 (Fig. 10g-h), Zan-
clean, Dar bel Hamri.

Description Small otoliths up to 3 mm in length are slen-
der (OL:OH=2.0-2.15), specimens from 4 to 6 mm
in length are more compressed (OL:OH=1.65-1.8);
OH:OT =2.1-2.2. Dorsal and ventral rims shallow, regu-
lar. Anterior tip slightly pointed; posterior tip blunt with
rounded angles at junction with dorsal and ventral rims.
All rims smooth.

Inner face flat with slightly inclined, centrally posi-
tioned, elongate oval and shallow sulcus filled with a
single colliculum. OL:SuL =2.5-2.6. Sulcus not extend-
ing anterior of colliculum. No dorsal depression and no
ventral furrow. Outer face smooth, moderately convex,
thickest behind the middle.

Discussion Nettastomatid otoliths show a low degree of
morphological diversity, which renders identification dif-
ficult. Otoliths of representatives of all extant genera in
the family are figured in Schwarzhans (2019b). Those of
Saurenchelys most closely resemble in otolith and sulcus
shape. Saurenchelys cancrivora Peters 1864 is the only
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extant species in the genus occurring off West Africa
(and in the Indo-West Pacific). Two extant otoliths fig-
ured (Fig. 10i, j) show a distinct variability in the shape
of the postdorsal angle, which is pronounced in one
specimen (Fig. 10i) and completely rounded in the other
(Fig. 10j). The index OL:OH ranges from 1.62 to 1.75.
Saurenchelys silex described by van Hinsbergh & Hoe-
demakers, 2022, from the Piacenzian of Estepona near
Mailaga, Spain shows similar proportions in specimens
of 4-5.5 mm in length, which is also matched with large
specimens from Dar bel Hamri (Fig. 10e), but differs in
the deepened ventral rim and the posterior thicken-
ing of the outer face. Two smaller specimens (3 mm in
length) from Dar bel Hamri, however, are considerably
more slender in shape and could potentially represent a
second species. However, it is likely that this difference is
due to allometric ontogenetic growth. Despite the lack of
specimens of intermediate sizes the small specimens are,
therefore, also placed in S. silex.

Family Congridae Kaup, 1856

Genus Conger Bosc, 1817

Conger sp. juv.

Figure 10k

Material 5 small specimens the largest being 2.3 mm in
length from the Zanclean of Dar bel Hamri (figured spec-
imen SMF PO 101.187).

Discussion These are typical otoliths of the genus Conger
but too small in size for a specific identification and prob-
ably stem from juvenile fishes.

Genus Gnathophis Kaup, 1859

Gnathophis mystax (Delaroche, 1809)

Figure 101

2017 Gnathophis mystax (Delaroche, 1809)—Lin et al.:
pl. 2, Fig. 2J, K.

2022 Gnuathophis mystax (Delaroche, 1809)—van Hins-
bergh and Hoedemakers: pl. 3, Figs. 1, 2.

Material 2 specimens, Zanclean, Dar bel Hamri (SMF
PO 101.188).

Discussion An extant species that has been recorded in
the Mediterranean since Late Miocene. A second, extinct
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species (Gunathophis kanazawai Nolf & Martinell, 1980)
was described from the Early Pliocene of Catalonia,
Spain.

Genus Japonoconger Asano, 1958
Japonoconger africanus (Poll, 1953)
Figure 10m

2019b  Japonoconger africanus (Poll, 1953)—Schwar-
zhans: pl. 6, Figs. 11, 12.

2022 Japonoconger africanus (Poll, 1953)—van Hinsbergh
& Hoedemakers: pl. 3, Figs. 12—-14 (see there for further
references).

Material 1 specimen, Zanclean, Dar bel Hamri (SMF PO
101.189).

Discussion Japonoconger africanus today is found at a
depth of 250-650 m off tropical West Africa from Gabon
to Angola. During the Pliocene, it was much more widely
distributed and has regularly been reported from the
Mediterranean and now also from Atlantic Morocco. In
all these fossil locations, however, it is rare, except for the
Piacenzian of Estepona near Mélaga, Spain (van Hins-
bergh & Hoedemakers, 2022).

Genus Paraxenomystax Reid, 1940
Paraxenomystax cf. bidentatus Reid, 1940
Figure 10n

Material 2 specimens, Zanclean, Dar bel Hamri (SMF
PO 101.273).

Discussion Paraxenomystax is commonly recorded as a
junior synonym of Xenomystax Gilbert, 1891 (see Fricke
et al. 2022). The otoliths of the type species P bidenta-
tus show a centrally positioned colliculum with an ante-
rior spur and thus differ from those of other Xenomystax
species (see Lin et al., 2017 and Schwarzhans, 2019b for
extant otoliths). I, therefore, keep Paraxenomystax pro-
visionally valid here. The single extant species, Parax-
enomystax bidentatus is only known from the tropical
West Atlantic. The fossil record from Morocco is only
tentatively placed in the extant species because of the
geographic difference and only two specimens being
available from Morocco.

Genus Rhynchoconger Jordan & Hubbs, 1925

W. Schwarzhans

Rhynchoconger pantanellii (Bassoli & Schubert, 1906)
Figure 11d—e

1906 Otolithus (Ophidiidarum) pantanellii—Bassoli &
Schubert (in Bassoli): pl. 1, Figs. 41-42.

1983 Hildebrandia pantanellii (Bassoli & Schubert,
1906)—Nolf & Steurbaut: pl. 1, Figs. 4-9 (see there for
further references)

1989 Hildebrandia pantanellii (Bassoli & Schubert,
1906)—Nolf & Cappetta: pl. 2, Figs. 1-4.

2013a Rhynchoconger pantanellii (Bassoli & Schubert,
1906)—Schwarzhans: pl. 1, Fig. 14.

2017 Rhynchoconger pantanellii (Bassoli & Schubert,
1906)—Lin et al.: Fig. 2F.

2022 Rhynchoconger pantanellii (Bassoli & Schubert,
1906)—-van Hinsbergh & Hoedemakers: pl. 3, fig. 16.

Material 117 specimens, Zanclean, 116 from Dar bel
Hamri (figured specimens SMF PO 101.190) and one
from Asilah.

Discussion Rhynchoconger pantanellii is relatively com-
mon and widely recorded from the Tortonian to the Zan-
clean of the Mediterranean and the Zanclean of Atlantic
Morocco. No extant species of Rhynchoconger have
been recorded from the East Atlantic, but Smith (1990,
in Quéro et al.) mentioned unidentified larval Rhyncho-
conger specimens from the Gulf of Guinea to Angola.
Schwarzhans (2013a) found Rhynchoconger otoliths from
adult specimens in dredged sediments of Holocene age
off Ivory Coast that indicate that an extant eastern Atlan-
tic species of Rhynchoconger indeed exists and that it
closely resembles the fossil R. pantanellii.

Rhynchoconger carnevalei n. sp.
Figure 11a—c
1978a Gnathophis sp.—Schwarzhans: Figs. 55, 139.

Holotype SMF PO 101.191 (Fig. 11b), Agrigento, below
Rupe Athenae, Sicily, Italy, Zanclean.

Paratype Two specimens: one specimen MGPT-PU
130452, Borelli, Piedmont, Italy, late Tortonian; one
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Rhynchoconger carnevalei

Carlarius cf. latiscutatus

Fig. 11 Anguilliformes and Siluriformes. a—c Rhynchoconger carnevalei n. sp. 10a paratype, MGPT-PU 130,452 (reversed), Borelli, Piedmont, Italy, late
Tortonian, b holotype, SMF PO 101.191, Agrigento, Sicily, Italy, Zanclean, ¢ paratype, SMF PO 101.336 (reversed), Orciano near Pisa, Italy, Zanclean. d,
e Rhynchoconger pantanellii (Bassoli & Schubert, 1906), SMF PO 101.190 (e reversed), Dar bel Hamri. f Carlarius cf. latiscutatus (GUnther, 1864), SMF
PO 101.192, Dar bel Hamri



4 Page 20 of 85

specimen SMF PO 101.336, Orciano near Pisa, Tuscany,
Italy, Zanclean.

Etymology In honor of Giorgio Carnevale, Torino, Italy,
for his many contributions to the understanding of fossil
bony fishes.

Diagnosis OL:OH=1.8-2.1; OH:OT=2.5-3.1. Dorsal
rim anteriorly depressed and generally low; ventral rim
shallow, regularly curved. Ostium closely approaching
anterior rim of otolith.

Description Slender, large, elegant otoliths reaching
sizes of 17 mm in length (holotype). OL:OH=1.8-2.1,
increasing with size; OH:OT =2.5-3.1, decreasing with
size. Dorsal rim shallow, anteriorly depressed and irregu-
lar, highest behind middle of otolith. Ventral rim shallow,
smooth and very regularly curved. Anterior tip rounded,
posterior tip slightly tapering.

Inner face convex, with a long, nearly horizontal and
relatively narrow sulcus. Ostium marked against cauda
at ventral sulcus rim by slight indentation, its anterior tip
reaching close to anterior rim of otolith. Ostial channel
narrow, short, positioned perpendicular on rear part of
ostium. Cauda narrow, straight. Single colliculum con-
tiguous from ostium, including ostial channel and cauda.
OL:SuL=1.6-1.7; CaL:OsL=1.3-1.4. Dorsal depression
narrow, relatively shallow and with indistinct margins; no
ventral furrow. Outer face smooth, flat or with moderate
central umbo.

Discussion The presence of a second species of Rhyn-
choconger in the young Neogene of the Mediterranean
was already recognized by Schwarzhans (1978a), who
refrained from describing a new species based on a single
large specimen. With the finding of two additional speci-
mens of smaller and intermediate size, it is now clear
that the morphological characteristics are stable through
ontogeny. The species is much rarer than R. pantanel-
lii and differs mainly in being distinctly more elongate
(OL:OH=1.8-2.1 vs.<1.6), the depressed predorsal rim
and the ostium approaching the anterior rim of the oto-
lith more closely than in R. pantanellii. Its stratigraphic
range in the Mediterranean reaches from the late Tor-
tonian to the Zanclean. It is described here because it is
considered relevant for the faunal evaluation discussed
later.

Order Clupeiformes Bleeker, 1859

Family Clupeidae Rafinesque, 1810

W. Schwarzhans

Material Three clupeid otolith fragments from Dar bel
Hamri that cannot be identified to genus or species level.

Order Siluriformes Cuvier, 1817

Family Ariidae Bleeker, 1862
GenusCarlarius Marceniuk & Menezes, 2007
Carlarius cf. latiscutatus (Giinther, 1864)
Figure 11f

Material 2 specimens, SMF PO 101.192, Dar bel Hamrij,
Zanclean.

Discussion The two, large, and thick otoliths of 11.4 and
12.4 mm in length resemble closely the extant specimen
figured by Veen and Hoedemakers (2005; pl. 2, Fig. 2).
The outline of the otolith and its proportions match well,
but Veen & Hoedemakers did not figure the ventral face
with the diagnostic sulcus-like mesial depression and the
mesial inward curve (terminology of Ohe in Aguilera
et al., 2013). In the case of the specimen from Morocco,
this inward curve is relatively long and narrow and only
slightly inclined, which would probably represent a dis-
tinctive feature. Therefore, this specimen is only tenta-
tively placed in C. latiscutatus. Today, C. latiscutatus
occurs south of the northwest African upwelling system
from Senegal to Angola.

Order Myctophiformes Regan, 1911
Family Myctophidae Gill, 1893
Subfamily Myctophinae Fowler, 1925
Genus Hygophum Bolin, 1939
Hygophum cf. hygomi (Liitken, 1892)
Figure 12d

Material 2 fragmented specimens, SMF PO 101.193, Dar
bel Hamri, Zanclean.

Discussion The figured specimen lacks most of the dor-
sal portion but is the better preserved one of the two
fragments. The regularly curved and somewhat undu-
lating ventral rim is similar to the appearance in extant
otoliths of H. hygomi. This species has commonly been
recorded from the Mediterranean Pliocene following the
synonymization of the fossil otolith-based Hygophum
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agrigentense Schwarzhans, 1978, with the extant H.
hygomi by Brzobohaty and Nolf (1996). It is likely that
the specimens from Dar bel Hamri represent the same
species.

Genus Myctophum Rafinesque, 1810

Myctophum fitchi (Schwarzhans, 1978)

Figure 12c.

1978a Gymnoscopelus fitchi—Schwarzhans: Figs. 30, 31 1,
129.

2022 Myctophum fitchi (Schwarzhans, 1978)—Car-
nevale & Schwarzhans: Fig. 8I-K (see there for further

references).

2022 Myctophum fitchi (Schwarzhans, 1978)—van Hins-
bergh & Hoedemakers: pl. 12, Figs. 19-25.

Material 4 specimens, Zanclean, 2 specimens Dar bel
Hamri (SMF PO 101.194), 1 specimen Jebel Zebbouj, 1
specimen Asilah.

Subfamily Lampanyctinae Paxton, 1972

Genus Ceratoscopelus Giinther, 1864

Ceratoscopelus maderensis (Lowe, 1839)

Figure 12e

1971 Ceratoscopelus maderensis (Lowe, 1839)—Weiler:
pl. 1, Fig. 10.

1978a Ceratoscopelus maderensis (Lowe, 1839)—Schwar-
zhans: Figs. 33-35, 37.

1986 Ceratoscopelus maderensis (Lowe, 1839)—Schwar-
zhans: Fig. 22.

1989 Ceratoscopelus maderensis (Lowe, 1839)—Nolf &
Cappetta: pl. 6, Figs. 17-20.

Material 1 specimen, SMF PO 101.195, Dar bel Hamri,
Zanclean.

Genus Lampanyctus Bonaparte, 1840

Lampanyctus sp.
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Figure 12f

Material 2 specimens, SMF PO 101.196, Dar bel Hamri,
Zanclean.

Discussion Small and high-bodied otoliths that resem-
ble Lampanyctus latesulcatus Nolf & Steurbaut, 1983,
from the Tortonian of Italy. The specimens from Dar
bel Hamri differ slightly in the caudal pseudocolliculum
extending beyond the entire cauda, while it is posteriorly
reduced in L. latesulcatus. They may thus represent a dif-
ferent species. Van Hinsbergh and Hoedemakers (2022)
identified the extant L. crocodilus and L. photonotus from
the Piacenzian and the latter also from the Zanclean of
Estepona near Mélaga, Spain.

Subfamily Diaphinae Paxton, 1972 (sensu Martin
et al. 2018)

Genus Diaphus Eigenmann & Eigenmann, 1891
Diaphus adenomus Gilbert, 1905
Figure 12¢g

2022 Diaphus adenomus Gilbert, 1905—van Hinsbergh
& Hoedemakers: pl. 11, Figs. 9-11 (see there for further
references).

Material 4 specimens SMF PO 101.274, Dar bel Hamri,
Zanclean.

Diaphus cavallonis Brzobohaty & Nolf, 2000
Figure 12h-1

2000 Diaphus cavallonis—Brzobohaty & Nolf: pl. 5,
Figs. 7-14 (see there for further references).

2017 Diaphus cavallonis Brzobohaty & Nolf, 2000—Agi-
adi et al.: Fig. 5.14.

2022 Diaphus cavallonis Brzobohaty & Nolf, 2000—Car-
nevale & Schwarzhans: Fig. 71 (see there for further refer-
ences after 2000).

?2022 Diaphus cavallonis Brzobohaty & Nolf, 2000—
Agathangelou et al.: Fig. 3A.

2022 Diaphus cavallonis Brzobohaty & Nolf, 2000—van
Hinsbergh & Hoedemakers: pl. 8, Figs. 7-18.
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1 mm

Hygophum cf. hygomi

1 mm

Lampanyctus sp.

Diaphus cavallonis

Diaphus dirknolfi

Fig. 12 Myctophidae. a-c Myctophum fitchi (Schwarzhans, 1978), a, ¢ SMF PO 101.194 (a reversed), Dar bel Hamri, b Asilah. d, Hygophum cf. hygomi
(Lutken, 1892), SMF PO 101.193, Dar bel Hamri. e Ceratoscopelus maderensis (Lowe, 1839), SMF PO 101.195, Dar bel Hamri. f, Lampanyctus sp. SMF
PO 101.196, Dar bel Hamri. g, Diaphus adenomus Gilbert, 1905, SMF PO 101.274 (reversed), Dar bel Hamri. h-1 Diaphus cavallonis Brzobohaty & Nolf,
2000, SMF PO 101.197 (j reversed), Dar bel Hamri. m-o Diaphus dirknolfi Schwarzhans, 1986, n SMF PO 101.198, Dar bel Hamri, m, o SMF PO 101.199,
Sidi Mohammed ech Chleuh
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Material 146 specimens, figured specimens SMF PO
101.197, Dar bel Hamri, Zanclean.

Discussion Diaphus cavallonis has 8 to 12 delicate den-
ticles along the ventral rim, according to van Hinsbergh
and Hoedemakers (2022), based on more than 1000
specimens from Spain. Schwarzhans & Aguilera (2013)
noted 10 to 12 denticles on much fewer specimens,
which may reflect the predominant range. In the case of
the Moroccan specimens, the denticles are eroded except
for few specimens (e.g., Fig. 10i, k, 1), which show 8-11
denticles. The Moroccan specimens show a considerable
variability in respect to the predorsal rim which can be
shallow (Fig. 121) or expanded (Fig. 12h, i), the shape of
the posterior rim which can be rounded (Fig. 12i) or rela-
tively blunt (Fig. 121) and the opening of the ostium. The
variability appears to be within the range observed in the
types of Brzobohaty and Nolf (2000) and figures shown in
Schwarzhans & Aguilera (2013) and van Hinsbergh and
Hoedemakers (2022). The specimens currently available
to me do not warrant a further investigation of the nature
of the species but indicate that a detailed review of its
morphologic limit may be required. Diaphus cavallonis
was apparently widely distributed in the North Atlantic
and the Mediterranean during the Zanclean; the oldest
records in the Mediterranean date from the Tortonian
(Lin et al., 2015, 2017). Van Hinsbergh and Hoedemakers
(2022) found that D. cavallonis is lacking in the Piacen-
zian of the Mediterranean and instead is replaced by D.
postcavallonis van Hinsbergh & Hoedemakers, 2022. In
contrast, Agathangelou et al. (2022) reported D. cavall-
onis from the Piacenzian of Cyprus. Diaphus cavallonis
is the second largest Diaphus species in Dar bel Hamri,
reaching 5 mm in length, surpassed only by D. adenomus
(see above) with 6 mm in length.

Diaphus dirknolfi Schwarzhans, 1986
Figure 12m-o
1986 Diaphus dirknolfi—Schwarzhans: pl. 3, Figs. 34, 35.

2022 Diaphus dirknolfi Schwarzhans, 1986—Carnevale &
Schwarzhans: Fig. 7 J-P (see there for further references).

2022 Diaphus dirknolfi Schwarzhans, 1986—van Hins-
bergh & Hoedemakers: pl. 11, Figs. 4—8.

Material 90 specimens, Zanclean: 84 specimens Dar bel
Hamri (figured specimen SMF PO 101.198), 4 specimens
Sidi Mohamed ech Chleuh (SMF PO 101.199), 2 speci-
mens Asilah.
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Discussion Diaphus dirknolfi was originally established
on specimens from Dar bel Hamri with incompletely
preserved denticles along the ventral rim, which resulted
in a too high count of 12—14 denticles. The species was
redefined in 2022 by Carnevale and Schwarzhans (2022)
based on better preserved specimens from the type local-
ity and the nearby location Sidi Mohammed ech Chleuh,
which yielded uneroded specimens. The recount of
the denticles along the ventral rim resulted in 6-8. Van
Hinsbergh and Hoedemakers (2022) reported 7-11 den-
ticles. These records show that the number of denticles
is quite variable in this species, but mostly seems to fall
in the range of 7-9. Obviously, this characteristic cannot
be used as a distinguishing trait between D. dirknolfi, the
Early to Middle Miocene D. hataii (Ohe & Araki, 1973),
and the extant D. dumerilii (Bleeker, 1856), but other
characteristics such as the proportional length of ros-
trum to antirostrum and the proportions of ostium and
cauda remain valid (see Carnevale & Schwarzhans, 2022,
for details). Diaphus dirknolfi is known from the latest
Messinian (Lago Mare interval) to the Piacenzian of the
Mediterranean and the Zanclean of Morocco.

Diaphus draconis Schwarzhans, 2013
Figure 13a—c
2013c Diaphus draconis—Schwarzhans: pl. 4, Fig. 8—12.

2019a Diaphus draconis Schwarzhans, 2013—Schwar-
zhans: Fig. 57.1-3.

2022 Diaphus cf. draconis Schwarzhans, 2013—Carnev-
ale & Schwarzhans: Fig. 7Q-T.

Material 3 specimens Kef Nsour, Messinian (SMF PO
101.200), 5 specimens Sidi Mohamed ech Chleuh, Zan-
clean, possibly reworked from Messinian.

Discussion Diaphus draconis is an inconspicuous small
species reaching about 2 mm in length in the Moroccan
localities. It can be easily confused with small specimens
of larger species (see extensive discussion in Carnevale &
Schwarzhans, 2022). It may be recognized best by its 4—6
widely spaced strong denticles along the ventral rim. Dia-
phus draconis was originally described from the Serraval-
lian/Tortonian of Gabon (Schwarzhans, 2013c) and also
recorded from the Tortonian of New Zealand (Schwar-
zhans, 2019a), indicating a wide geographic distribution.
Specimens from the latest Messinian Lago Mare phase
of Italy were only tentatively allocated (Carnevale &
Schwarzhans, 2022). In the Rharb Basin of Morocco, the
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best preserved specimens were obtained from the basal
levels of Kef Nsour, which are supposed to be Messinian
in age. Specimens from the basal level of Sidi Moham-
med ech Chleuh are slightly leached, possibly indicating
an origin from reworked Messinian strata below. There
are no positive records from the Zanclean.

Diaphus maghrebensis n. sp.
Figure 13d—j

2022 Diaphus taaningi Norman, 1930—van Hinsbergh &
Hoedemakers: pl. 8, Figs. 1-5.

Holotype SMF PO 101.201 (Fig. 13f), Dar bel Hamri,
coquina at river level of Oued Beth, Zanclean.

Paratype 7 specimens, 4 specimens SMF PO 101.202,
Dar bel Hamri, Zanclean, 1 specimen SMF PO 101.203,
Kef Nsour, Messinian, 2 specimens SMF PO. 101.204,
Sidi Mohamed ech Cleuch, Zanclean.

Further material 291 specimens, 23 Kef Nsour and
Chaba Kaudiat el Mogen, Messinian, 213 specimens Dar
bel Hamri, Zanclean, 38 specimens Sidi Mohamed ech
Chleuh, Zanclean, 17 specimens Jebel Zebbouj, Zanclean.

Etymology After Maghreb, the name of the northwestern
region of Africa.

Diagnosis OL:OH=1.1-1.2; OH:OT =3.25-3.35. Ven-
tral rim regularly and deeply curved, with 6-9 denticles.
OCL:CCL=1.95-2.7. Inner face convex; outer face with
distinct postcentral umbo.

Description Relatively small otoliths reaching sizes of
2.5 mm in length (holotype 2.3 mm). Dorsal rim high,
regularly curved or anteriorly expanded; posteriorly
rounded or with mild, short depression. Ventral rim
deep, regularly curved, with 6-9 denticles (mostly 7-8).
Rostrum slightly longer than antirostrum, 8-15% of OL,
ratio rostrum to antirostrum about 2:1. Posterior rim
broadly rounded, blunt.

Inner face distinctly convex in horizontal direction,
less bent in vertical direction. Sulcus long, slightly supra-
median, shallow, straight, OL:SuL=1.25-1.35. Ostium
slightly wider than cauda and twice to 2.5 times the
length of the cauda (OCL:CCL=1.95-2.7). Upper mar-
gin of ostium straight. Cauda short, with equally long
caudal pseudocolliculum. Dorsal depression wide; ventral
furrow mostly distinct, relatively close to ventral rim of
otolith. Outer face relatively smooth, with distinct, broad
postcentral umbo.

W. Schwarzhans

Discussion Many small and somewhat inconspicuous
otoliths from the Miocene and Pliocene from the Medi-
terranean and Paratethys have been placed in the extant
Diaphus taaningi Norman, 1930, by Brzobohaty and
Nolf (2000). Diaphus taaningi is a pseudoceanic species
occurring in the tropical West and East Atlantic (Fro-
ese & Pauly, 2022). In dredge samples from the Gulf of
Guinea and in a comparative morphological study of
extant otoliths of the genera Diaphus, Idiolychnus, and
Lobianchia, Schwarzhans (2013a, 2013b) figured sev-
eral extant otoliths of D. taaningi from both areas of
its distribution and found slight but consistent differ-
ences between the West and East Atlantic populations.
Schwarzhans & Aguilera (2013) concluded on this basis
that none of the fossil otoliths figured as D. taaningi until
then actually pertains to this species and also figured pre-
sumably valid D. taaningi otoliths from the Gelasian of
Atlantic Panama. More recently, van Hinsbergh and Hoe-
demakers (2022) figured, without description or explana-
tion, Diaphus taaningi otoliths from the Zanclean and
Piacenzian of Estepona near Malaga, Spain.

In the late Tortonian/early Messinian and Zanclean
of the locations in the Rharb Basin of Morocco studied
here, the otoliths of Diaphus maghrebensis represent
the most common myctophid species. They clearly rep-
resent the same species as the otoliths figured by van
Hinsbergh & Hoedemakers as D. taaningi from Este-
pona near Malaga, but reach larger sizes (2.5 mm in
length vs.<2 mm). Therefore, I assume that these oto-
liths from Morocco represent true adult forms of the
species in question. In many aspects, they resemble
extant D. taaningi otoliths (Fig. 13k-m), which reach
nearly 3 mm in length, but they also differ in some
consistent aspects as follows (D. maghrebensis first,
D. taaningi second): OH:OT =3.25-3.35 vs. 4.3-4.5,
OCL:CCL=1.95-2.7 vs. 1.1-1.4, outer face with dis-
tinct postcentral umbo vs. flat or with shallow umbo.

The relatively significant difference of the ratio of the
ostium to the cauda length in the two species may even
indicate that they are not closely related. In fact, I do
not know of any the extant species that may be related.
Diaphus maghrebensis is known from the Messinian
and Zanclean of Morocco and from the Zanclean and
Piacenzian of the Mediterranean. Earlier records of so-
called Diaphus taaningi otoliths from the Tortonian of
the Mediterranean require specific review; referenced
records from the Badenian of the Paratethys have recently
been re-identified as Diaphus cassidiformis (Frost, 1933)
(see Schwarzhans & Radwariska, 2022).

Order Gadiformes Goodrich, 1909
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1 mm

Diaphus taaningi

Fig. 13 Myctophidae. a-c Diaphus draconis Schwarzhans, 2013, SMF PO 101.200 (c reversed), Kef Nsour, Messinian. d—j Diaphus maghrebensis n.
sp. f holotype, SMF PO 101.201, Dar bel Hamri, Zanclean, paratypes, h—j SMF PO 101.202 (h, j reversed), Dar bel Hamri, Zanclean, e SMF PO 101.203
(reversed), Kef Nsour, Messinian, d, g SMF PO 101.204, Sidi Mohamed ech Chleuh, Zanclean. k-m, Diaphus taaningi Norman, 1930, extant, k-1 MCZ
150978, 36°17'N, 74°49'W, 13 m refigured from Schwarzhans (2013b), dredge in the Gulf of Guinea, 00°20'S, 08°46'E
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Family Moridae Berg, 1940
Genus Physiculus Kaup, 1858
Physiculus sp.

Figure 14a—c

Material 21 specimens, 20 specimens Dar bel Hamri
(figured specimens SMF PO 101.205), 1 specimen Sidi
Mohamed ech Chleuh.

Discussion Physiculus is a species-rich genus with two
extant species in the tropical and subtropical eastern
Atlantic: P huloti Poll, 1953, from Mauritania to Angola
and P. dalwigki Kaup, 1858, in the eastern Atlantic from
about 25°N to 44°N, including Madeira, and in the west-
ern Mediterranean. Many of the fossil specimens from
the Neogene of Europe have been placed in P. huloti (see
van Hinsbergh & Hoedemakers, 2022), but Schwarzhans
(2013a) questioned many of these allocations. The speci-
mens from Morocco are not well enough preserved to
allow for a specific identification, but the relatively high
predorsal protrusion does not seem to match the extant
specimens figured in Schwarzhans (2013a).

Family Bregmacerotidae Gill, 1872
Genus Bregmaceros Thompson, 1840
Bregmaceros sp.

Figure 14d

Material 1 specimen, SMF PO 101.206, Dar bel Hamri,
Zanclean.

Discussion The single specimen cannot be identified to
species level, but certainly is too much compressed to
represent the ubiquitous Mediterranean B. albyi (Sau-
vage, 1880) (OL:OH=1.0 vs. 0.8-0.9) (see Schwarzhans,
2013c for details).

Family Macrouridae Bonaparte, 1832

Genus Coelorinchus Giorna, 1809

Coelorinchus cf. arthaberoides (Bassoli, 1906)

Material A single, rather eroded specimen from Dar bel
Hamri.

W. Schwarzhans

Genus Nezumia Jordan, 1904
Nezumia ornata (Bassoli, 1906)
Figure 14e

Material 10 specimens (figured specimens SMF PO
101.207), Dar bel Hamri, Zanclean.

Genus Trachyrincus Giorna, 1809
Trachyrincus scabrus (Rafinesque, 1810)
Figure 14f

Material 1 specimen SMF PO 101.275, Dar bel Hamrij,
Zanclean.

Family Merlucciidae Rafinesque, 1815
Genus Merluccius Rafinesque, 1810
Merluccius polli Cadenat, 1950

Figure 14j-1

Material 9 fragmentary specimens, 1 specimen from Kef
Nsour, SMF PO 101.208, Messinian; 8 specimens Dar bel
Hamri, figured specimens SMF PO 101.209, Zanclean.

Discussion None of the specimens available are com-
plete, the best preserved ones are from two-thirds of a
specimen. The depressed predorsal projection and the
rounded anterior tip are considered typical for M. polli in
otoliths of Merluccius species from the East Atlantic. The
most complete specimen of Fig. 14j is 18 mm in length
and reconstructed for the broken part would have been
about 24 mm in length. The largest, not figured frag-
mented specimen may have been 33 mm in length when
complete. For comparison, extant otoliths are figured of
M. merluccius (Linnaeus, 1758) (Fig. 14g), M. senegalen-
sis Cadenat, 1950 (Fig. 14h), and M. polli (Fig. 14i). Today,
M. polli is known from the west African shelf off Mauri-
tania to Angola from 29° to 19°S in deep water from 50 to
550 m.

Family Gadidae Rafinesque, 1810
Genus Paratrisopterus Fedotov, 1971

Paratrisopterus glaber Schwarzhans, 2010
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b2

Paratrisopterus glaber

Fig. 14 Gadiformes. a—c Physiculus sp. SMF PO 101.205, Dar bel Hamri. d, Bregmaceros sp. SMF PO 101.206, Dar bel Hamri. e, Nezumia ornata
(Bassoli, 1906), SMF PO 101.207 (reversed), Dar bel Hamri. f, Trachyrincus scabrus (Rafinesque, 1810), SMF PO 101.275, Dar bel Hamri. g, Merluccius
merluccius (Linnaeus, 1758), extant (reversed), Marmara Sea, Turkey. h, Merluccius senegalensis Cadenat, 1950, extant (reversed), CAS 235494, 14°14'N,
17°32'W. i, Merluccius polli Cadenat, 1950, extant, CAS 235466, 13°53'N, 17°34'W. j-I, Merluccius polli Cadenat, 1950, SMF PO 101.209 (I reversed), Dar
bel Hamri, Zanclean. m—p, Paratrisopterus glaber Schwarzhans, 2010, SMF PO 210, Dar bel Hamri
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Figure 14m-p

2010 Paratrisopterus glaber—Schwarzhans: pl. 30,
Figs. 12-15.

2022 Paratrisopterus glaber Schwarzhans, 2010—van
Hinsbergh & Hoedemakers: pl. 15, Figs. 14, 15.

Material 72 specimens, 2 specimens, Kef Nsour,
Messinian, 64 specimens, Dar bel Hamri (figured speci-
mens SMF PO 101.210), Zanclean, 2 specimens Sidid
Mohamed ech Chleuh, Zanclean, 3 specimens, Jebel Zeb-
bouj, Zanclean. 1 specimen, Asilah, Zanclean.

Discussion Paratrisopterus glaber differs from the Middle
Miocene species P. brinki (Posthumus, 1923) in its more
compressed shape and relatively smooth outer face. It s,
however, not as compressed as the rare Middle Miocene
P globosus (Posthumus, 1923). Paratrisopterus glaber
was described from the Late Miocene of the North Sea
Basin but was apparently more widely distributed in the
European seas. It has recently been recorded from the
Zanclean and Piacenzian of Spain, where it occurs in par-
allel with P labiatus (Schubert, 1905) in the Zanclean.
The occurrence in the Moroccan Early Pliocene fills a
geographic gap in the distribution. Otoliths have been
described in situ by Landini and Sorbini (1999) from a
fish interpreted as Gadiculus labiatus from the Early
Pleistocene of Italy. According to the otoliths figured in
this article, the species represents P. glaber.

Order Ophidiiformes Berg, 1937
Family Carapidae Jordan & Fowler, 1902
Genus Carapus Rafinesque, 1810

Carapus acus (Briinnich, 1768)
Figure 15a

2006 Carapus sp.—Nolf & Girone: pl. 1, Fig. 10.

2017 Carapus acus (Brinnich,
Fig. 9D-E.

1768)—Lin et al.:

2019a Carapus acus (Brinnich, 1768)—Agiadi et al.
Fig. 3G.

Material A single somewhat eroded specimen of 2.8 mm
in length (SMF PO 101.211) from Dar bel Hamri,
Zanclean.

W. Schwarzhans

Genus Echiodon Thompson, 1837
Echiodon dentatus (Cuvier, 1829)
Figure 15b—e

1978a
Fig. 112.

Carapus acus (Briinnich, 1768)—Schwarzhans

1994 Echiodon praeimberbis (Weiler, 1971)—Nolf & Cav-
allo: pl. 5, Fig. 2.

Material 24 specimens, Zanclean, 23 specimens Dar bel
Hamri (figured specimens SMF PO 101.212), 1 specimen
Sidi Mohamed ech Chleuh (SMF PO 101.213).

Discussion There has been some confusion about the
identity of carapid otoliths of the genus Echiodon in the Plio-
cene of the Mediterranean. A large series of extant otoliths of
E. dentatus has been figured in Lombarte et al. (2006), and
one of them is refigured here (Fig. 15e). These otoliths are
characterized by being relatively thin, having a relatively nar-
row sulcus terminating at some distance from the anterior
rim of the otolith, and a flat ventral otolith rim. Some speci-
mens found in Morocco and recorded in the literature from
the Mediterranean (see synonymy listing) match the mor-
phology of the extant specimens very well. However, there is
also a coeval second species known from the Zanclean of the
Mediterranean and Morocco that represents a different mor-
photype and has been described as Carapus praeimberbis by
Weiler (1971) but is sometimes confused with E. dentatus
(see below). Echiodon dentatus differs from E. praeimberbis
by the narrower and shorter sulcus (although in large speci-
mens of E. dentatus, the sulcus increases in size; see Tuset
et al., 2008), the unexpanded (vs. expanded) ventral otolith
rim, and the outer face projecting over the dorsal rim of the
otolith (vs. unexpanded).

Echiodon praeimberbis (Weiler, 1971)
Figure 15f-i
1971 Carapus praeimberbis—Weiler: pl. 2, Fig. 35.

1978a Echiodon drumondii Thompson, 1837—Schwar-
zhans: Fig. 113.

1989  Echiodon praeimberbis (Weiler, 1971)—Nolf &
Cappetta: pl. 13, Fig. 1.

2006 Echiodon praeimberbis (Weiler, 1971)—Girone,
Nolf & Cappetta: Fig. 6.8.
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2022 Echiodon dentatus (Cuvier, 1829) —van Hinsbergh
& Hoedemakers: pl. 17, Figs. 17, 18.

Material 79 specimens, Dar bel Hamri, Zanclean (figured
specimens SMF PO 101.214).

Discussion Otoliths of E. praeimberbis differ from those
of E. dentatus in being more thickset, showing a dis-
tinctly wider and larger sulcus that reaches close to the
anterior and dorsal rims of the otolith and a deepened,
curved ventral otolith rim. Except for the deepened ven-
tral rim, these otoliths resemble those of the extant E.
drummondii from the northern North Sea and Norwe-
gian Sea. Schwarzhans (2013a) recorded otoliths of Echi-
odon sp. from Holocene dredge samples off West Africa
between Guinea and Nigeria, which are refigured here
for comparison (Fig. 15j—k). These otoliths resemble E.
praeimberbis even more closely in the expanded ventral
rim and differ only in the pointed anterior tip and the
reduced, rounded posterior tip. No Echiodon species
is recorded from tropical West Africa today. Thus, the
Holocene dredge samples indicate that an undescribed
Echiodon species may exist in West Africa (Schwarzhans,
2013a), and E. praeimberbis would be the fossil species
most closely related to it.

Nolf (2013) considered all records of E. praeimberbis
to represent the extant E. dentatus, but this concept is
probably a result of the presence of two different species
occurring coevally and mostly in small numbers. How-
ever, van Hinsbergh and Hoedemakers (2022) listed 328
specimens from Estepona near Malaga, Spain, mostly
from the Piacenzian. The two specimens figured pertain
to E. praeimberbis, but it is quite possible that the assem-
blage also contained E. dentatus.

Family Ophidiidae Rafinesque, 1810
Subfamily Brotulidae Swainson, 1838
Genus Brotula Cuvier, 1829

Brotula aff. multibarbata Temminck & Schlegel,
1846

Figure 16a

1998 Brotula aft. multibarbata Temminck & Schlegel,
1846—Nolf, Maiie & Lopez: pl. 5, Fig. 6.

2006 Brotula cf. multibarbata Temminck & Schlegel,
1846—Nolf & Girone: pl. 1, Fig. 14, pl. 4, Fig. 18.

Page 29 of 85 4

2022 Brotula cf. multibarbata Temminck & Schlegel,
1846—van Hinsbergh & Hoedemakers: pl. 18, Figs. 8, 9.

Material 5 specimens SMF PO 101.215, Dar bel Hamri,
Zanclean.

Discussion Incomplete, eroded, or small otoliths of Bro-
tula have occasionally been reported from the Pliocene
of the Mediterranean (see synonymy listing). The large,
figured specimen from Morocco is well preserved but
lacks the entire rear part of the otolith. Within the extant
species of Brotula, two slightly different otolith morpho-
types are recognized. One morphotype is characterized
by elongate otoliths and a long ostium (CaL:OsL=1.4—
1.6), comprising the extant species B. barbata (Bloch
& Schneider, 1801) and B. clarkae Hubbs, 1944 (see
Nolf, 1980, for figures). The other morphotype has rela-
tively more compressed otoliths with a shorter ostium
(CaL:0OsL222.0), comprising B. multibarbata (Temminck
& Schlegel, 1846) (see Nolf, 1980, for figures), B. flavivir-
idis Greenfield, 2005, B. ordwayi Hildebrand & Barton,
1949, and B. townsendi Fowler, 1900. Brotula barbata is
the only one of these species living today in the Atlantic.
The fossil otoliths from the Pliocene of the Mediterra-
nean and Morocco, however, represent the second mor-
photype and have usually been tentatively associated with
B. multibarbata. Today, B. multibarbata is known from
the Indo-West Pacific, with its closest occurrence to the
fossil specimens in southeastern Africa. I follow previous
records in recording the Moroccan Pliocene otoliths as
B. aff. multibrabata. The only known large and complete
otolith specimen figured from B. aff. multibrabata is by
Nolf et al. (1998) from the Pliocene of southern Spain,
and it confirms both the short ostium and the moderately
elongate shape. Without a review of all relevant fossil
specimens from Europe, however, it is not clear whether
it could represent an extinct species of Brotula.

Subfamily Ophidiidae Rafinesque, 1810
Genus Ophidion Linnaeus, 1758
Ophidion tuseti n. sp.

Figure 16b-g

Holotype SMF PO 101.217 (Fig. 16b), Dar bel Hamri,
coquina at river level of Oued Beth, Zanclean.

Paratype 5 specimens SMF PO 101.218, same data as
holotype.
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1 mm

Echiodon sp.

Fig. 15 Ophidiiformes. a Carapus acus (Brinnich, 1768), SMF PO 101.211, Dar bel Hamri. b-d, Echiodon dentatus (Cuvier, 1829), b, ¢ SMF PO 101.212,
Dar bel Hamri, d SMF PO 101.213 (reversed), Sidi Mohamed ech Chleuh. e, Echiodon dentatus, extant, ICM-O 258.6, off Tarragona. f-i, Echiodon
praeimberbis (Weiler, 1971), SMF PO 101.214 (g, h reversed), Dar bel Hamri. j-k, Echiodon sp., Holocene dredge samples off Guinea (15j) and Nigeria
(k), refigured from Schwarzhans (2013a)

Further material 238 specimens, same data as holotype. Diagnosis OL:OH=1.45-1.52. Predorsal lobe low. Pos-

terior rim of otolith tapering with rounded tip. Sulcus
Etymology Named in honor of Victor M. Tuset Anddjar  with distinctly convex dorsal rim and ventrally with
(Las Palmas de Gran Canaria) in recognition of his con- marked indentation at junction of ostium and cauda;
tribution to the knowledge of extant otoliths. OsL:CaL.=4.0-4.6.
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Description Moderately elongate otoliths reaching about
5.5 mm in length (holotype 5.4 mm). OL:OH=1.45-
1.52; OH:OT =2.3-2.4. Shape oval with low predorsal
lob, rounded anterior rim and tapering posterior rim
with rounded tip. Ventral shallow, regularly curved.
Rims smooth in specimens above 4.5 mm in length, with
increasing marginal crenulation in smaller specimens.

Inner face distinctly convex, smooth, with very shallow
sulcus. Sulcus slightly supramedian, moderately wide,
nearly opening to anterior rim of otolith and terminat-
ing close to posterior rim. Dorsal rim of sulcus distinctly
convex and evenly curved; ventral rim slightly widened,
with distinct indentation at junction of ostium and cauda.
Colliculi fused, sometimes showing forward bent oblique
and narrow junction. No dorsal depression or ventral fur-
row. Outer face essentially flat, somewhat depressed at
center, with irregular nobs and tubercles anteriorly and
posteriorly.

Discussion Four species of the genus Ophidion live today
in the eastern Atlantic and the Mediterranean: O. barba-
tum Linnaeus, 1758, and O. rochei Miiller, 1845, in the
Mediterranean and adjacent northeastern Atlantic, O.
lozanoi Matallanas, 1990, in the Atlantic from Spain to
Angola, and O. saldanhai Matallanas & Brito, 1999, in the
Atlantic from Cape Verde to the Gulf of Guinea. Otoliths
are known from all of them, and they fall into two mor-
phological groups mainly characterized by the expression
of the predorsal lobe, otolith proportions and the sulcus.
The predorsal lobe is low in O. rochei (see Lombarte et al.,
2006 for figures) and O. lozanoi (Fig. 16h) and expanded
in O. barbatus (see Lombarte et al., 2006 and Nolf et al.,
2009 for figures) and O. saldanhai (Fig. 16i). Ophidion
tuseti differs from the extant O. barbatum and O. saldan-
hai from the East Atlantic in the low dorsal projection
and the ventrally widened sulcus (vs ventral sulcus mar-
gin concave). Ophidion tuseti differs from O. lozanoi and
O. rochei in the more elongate shape (OL:OH=1.45-1.52
vs. 1.3-1.4). Specimens of O. tuseti of less than 3 mm in
length tend to be more compressed than large ones and
then distinction from O. lozanoi based on otolith propor-
tions can be difficult. In addition, O. tuseti differs from
all four extant species in the East Atlantic in the mostly
well-developed indentation of the ventral sulcus rim at
the junction of the ostium and cauda. This characteris-
tic represents a trait only observed in Ophidion species
from the Americas, such as O. exul Robbins, 1991, O.
Sfulvum (Hildebrand & Barton, 1949) and O. galeoides
Gilbert, 1890 (for figures, see Schwarzhans & Aguilera,
2016). Therefore, the relationships of Ophidion tuseti are
problematic and the species may represent a lineage not
present anymore in the East Atlantic. Van Hinsbergh and
Hoedemakers (2022) reported O. barbatum, O. rochei,
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and O. cf. saldanhai from the Pliocene of Estepona near
Milaga.

Order Lophiiformes Garman, 1899
Family Ogcocephalidae Gill, 1893
Genus indet.

Ogcocephalidae indet.

Figure 16j

Material A single, slightly eroded otolith from the Zan-
clean of Dar bel Hamri (SMF PO 101.276) that is too
poorly preserved for further identification.

Order Beryciformes Regan, 1909
Family Berycidae Lowe, 1839
Genus Centroberyx Gill, 1862

Centroberyx vonderhochti n. sp.
Figure 17a—d

Holotype SMF PO 101.219 (Fig. 17b), Dar bel Hamri,
coquina at river level of Oued Beth, Zanclean.

Paratype 5 specimens SMF PO 101.277, same data as
holotype.

Further material 5, mostly fragmentary or eroded speci-
men, Dar bel Hamri, Zanclean.

Etymology Named in honor of Fritz von der Hocht (Ker-
pen) who alerted me to this unique location and collected
many otoliths of the studied assemblage including the
type specimens of this species.

Diagnosis Large otoliths to 20 mm in length. OL:OH
increasing from 1.05 at 6 mm in length to 1.35 at 20 mm
in length. Dorsal rim strongly lobate; ventral rim flat-
tened at midsection. OsL:CaL =1.10-1.17. Cauda slightly
upward directed, with tapering, symmetrical tip.

Description Large otoliths reaching at least 20 mm in
length (holotype). OL:OH distinctly allometric, increas-
ing from 1.05 at 6 mm in length to 1.35 in holotype;
OH:OT 3.0-3.3. Rostrum and posterior tip moderately
strong, superior, with rounded tips, nearly symmetri-
cal. Excisura and antirostrum very small. Dorsal rim
anteriorly and posteriorly shortened, relatively shallow,
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Brotula aff. multibarbata

Ogcocephalidae indet.

Ophidion lozanoi Ophidion saldanhai

Fig. 16 Ophidiiformes. a, Brotula aff. multibarbata Temminck & Schlegel, 1846, SMF PO 101.215 (reversed), Dar bel Hamri. b-g, Ophidion tusetin. sp.,
Dar bel Hamri, Zanclean, b holotype, SMF PO 101.217 (reversed), c-g paratypes, SMF PO 101.218 (c, e-g reversed). h, Ophidion lozanoi Matallanas,
1990, Holocene dredge samples off Nigeria, refigured from Schwarzhans (2013a). i Ophidion saldanhai Matallanas & Brito, 1999, extant, Gabon, leg.
ZMUC (reversed). j, Ogcocephalidae indet,, SMF PO 101.276, Dar bel Hamri

deeply and coarsely lobate, usually highest at predorsal Inner face distinctly convex, with supramedian posi-
angle. Ventral rim moderately deep, with nearly straight, tioned, large and wide sulcus. OsL:CaL=1.13-1.17 in
inclined pre- and postventral rims and flattened midsec- large and medium sized specimens (Fig. 17a—c), not
tion, relatively smooth. measurable in smallest specimen (Fig. 17d) because of
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incomplete rostrum but probably 1.10 or smaller. Ostium
slightly upward oriented, its ventral margin deeply lobed,
slightly narrowing toward anterior. OsL:OsH=1.45—
1.75. Cauda slightly upward oriented, nearly symmetri-
cally tapering. Dorsal depression marked by distinct
crista superior. Ventral furrow indistinct, very close to
ventral rim of otolith if discernable. Outer face flat in
large specimens (Fig. 17a2, b2) to distinctly convex in
small specimens (Fig. 17d2), smooth.

Discussion The genus Centroberxy is not currently known
from the Atlantic; the nearest extant occurrence is C. spi-
nosus (Gilchrist, 1903) from eastern South Africa. The
current center of distribution of the genus is seas around
Australia and New Zealand (four of seven extant spe-
cies), but this distribution must be regarded as a second-
ary geographic relict distribution (Schwarzhans & Jagt,
2021). So far, C. manens Nolf & Brzobohaty, 2004, from
the Early Miocene of Italy and the North Sea Basin rep-
resented the last record in the Atlantic, but it is from a
different phylogenetic lineage than the specimens from
the Pliocene of Morocco. Most extant species of Cen-
troberyx grow to large sizes (50 to 65 cm TL; see Froese
& Pauly, 2022) and their otoliths grow to sizes of more
than 22 mm in length. For comparison, two extant oto-
liths are figured of C. affinis (Giinther, 1859) reflecting a
large specimen near 45 mm TL (Fig. 17e) and a smaller
one of unrecorded fish length (Fig. 17f). Smale et al.
(1995) figured two otoliths of C. spinosus one 10.6 mm in
length from a specimen of 15.2 cm SL, which is near the
maximum size of the species (20 cm TL), and the other
7.1 mm in length from a specimen of 12 cm TL. Centrob-
eryx spinosus is a relatively small species in the genus.
Centroberyx vonderhochti resembles C. spinosus but dif-
fers in having attained at least twice the size of the extant
species, the flattened midventral rim, the very intensely
lobate dorsal rim, and the ostium being slightly longer
than the cauda (OsL;CalL=1.1-1.17 vs. 1.0-1.05). Most
likely, C. vonderhochti and C. spinosus represent vicariant
species.

Family Trachichthyidae Bleekr, 1859

Genus Hoplostethus Cuvier, 1829

Hoplostethus sp.

Material 1 poorly preserved specimen from Dar bel
Hamri, Zanclean, that can only be identified to the genus

level.

Order Holocentriformes Patterson, 1993
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Family Holocentridae Bonaparte, 1835
Subfamily Holocentrinae Bonaparte, 1835
Genus Sargocentron Fowler, 1904
Sargocentron hastatum (Cuvier, 1829)
Figure 17g

Material 1 specimen SMF PO 101.278, Dar bel Hamrij,
Zanclean.

Discussion The only available specimen is relatively well
preserved except for the eroded rostrum, and resembles
well the extant specimens figured of S. hastatum by Lom-
barte et al. (2006). Today, S. hastatum is the only species
of the genus known in the eastern Atlantic from Portugal
to Angola (Froese & Pauly, 2022).

Subfamily Myripristinae Nelson, 1955
Genus Myripristis Cuvier, 1829
Mpyripristis ouarredi n. sp.

Figure 17i-1

Holotype SMF PO 101.220 (Fig. 17i), Dar bel Hamuri,
coquina at river level of Oued Beth, Zanclean.

Paratype 4 specimens SMF PO 101.221, same data as
holotype.

Further material 30 specimens, same data as holotype.

Etymology Named in honor of Abdslam Ouarred (Dar
bel Hamri) and his most generous hospitality during the
times of my field work in Morocco.

Diagnosis OL:OH=1.45-1.5. OL to maximal width
of ostium=2.4-2.5. Ventral lobe of ostium broadly
rounded, moderately deep. Middle part of postventral
rim with broad oblate section.

Description Triangular otoliths with deep ventral and
nearly horizontal, flat dorsal rim, up to 7.6 mm in length
(holotype). Dorsal rim broadly and slightly concave ante-
riorly up to postdorsal angle, which is positioned far
back. Ventral rim very deep, with rounded midventral
angle and steep pre- and postventral section. Preventral
rim straight to slightly concave at its middle. Postventral
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Myripristis jacobus

Myripristis ouarredi

Fig. 17 Beryciformes and Holocentriformes. a—d Centroberyx vonderhochti n. sp., Dar bel Hamri, Zanclean, b holotype, SMF PO 101.219 (reversed),
a, ¢, d paratypes, SMF PO 101.277 (a, c reversed). e-f Centroberyx affinis (Ginther, 1859), extant, New Zealand (e reversed). g, Sargocentron hastatum
(Cuvier, 1829), SMF PO 101.278, Dar bel Hamri. h, Myripristis jacobus Cuvier, 1829, extant, ZMH, Mona 1891. i-l, Myripristis ouarredi n. sp., Dar bel
Hamri, Zanclean, i holotype, SMF PO 101.220 (reversed), j-k paratypes, SMF PO 101.221 (j,  reversed). m—n, Liza sp., SMF PO 101.279, Dar bel Hamri
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rim nearly straight with broadly oblate section at its mid-
dle (see Fig. 17h2, j2). Anterior rim broadly rounded,
positioned very high; posterior tip angular, positioned
high.

Inner face moderately convex, with strongly suprame-
dian sulcus. Ostium short, wide, dorsally and ventrally
expanded, filled by shallow colliculum; ventral expan-
sion directed backward and rounded. Cauda long, nar-
row, reaching close to posterior tip of otolith, segmented
in three about equally long section; anterior and poste-
rior segment slightly deepened, middle section shallower,
with indistinct dorsal margin. CaL (maximal length):OsL
(maximal length)=2.4-2.9. Dorsal field very narrow,
with small, cup-like expansion of dorsal depression at
rear positioned just before postdorsal angle. Ventral field
wide, smooth, without ventral furrow. Outer face slightly
convex, smooth.

Discussion Myripristis jacobus Cuvier, 1829, is the only
extant myripristine species occurring in the East Atlan-
tic known from Cape Verde and Sdo Tomé and Principe
Islands, while its main distribution is in the tropical West
Atlantic from Florida to northern Brazil (Ben-Tuvia,
in Quéro et al. 1990). Its otoliths (Fig. 17h) are simi-
lar to those of M. ouarredi, but M. ouarredi differs in a
less deeply expanded ventral rim of the ostium (OL to
maximal width of ostium=2.4-2.5 vs. 2.1-2.2) and the
oblate section of the middle part of the postventral rim
(vs. slightly indented). Moreover, the postdorsal angle is
higher than the rear expansion of the dorsal depression,
whereas it is the other way round in M. jacobus. While
the occurrence of M. jacobus in the East Atlantic prob-
ably represents a recent geographical expansion from its
West Atlantic distribution pattern, the occurrence of M.
ouarredi may represent a genuine East Atlantic lineage
that is not continued into today’s fish fauna of the area.

Order Mugiliformes Regan, 1909
Family Mugilidae Risso, 1827
Genus Liza Jordan & Swain, 1884
Liza sp.

Figure 17m-n

Material 2 specimens SMF PO 101.279, Dar bel Hamri,
Zanclean.

Discussion The otoliths of the many extant species of Liza
are poorly known and apparently difficult to distinguish
depending on relatively few and delicate traits. Otoliths
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of the extant west African species L. grandisquamis
(Valenciennes, 1836) and L. falcipinnis (Valenciennes,
1836) are figured in Veen and Hoedemakers (2005) and
resemble much the specimens from Dar bel Hamri.

Order Gobiiformes Thacker, 2009
Family Gobiidae Cuvier, 1816
Subfamily Gobiinae Cuvier, 1816

Genus Hoeseichthys Schwarzhans, Brzobohaty &
Radwarnska, 2020

Hoeseichthys brioche (Lin et al., 2015)
Figure 18a—e

2015  “Gobiida”
Fig. 7/16-7/20.

brioche—Lin, Girone & Nolf:

2020 Hoeseichthys brioche (Lin et al., 2015)—Schwar-
zhans, Agiadi & Carnevale: Fig. 6I-N (see there for fur-
ther references).

2022 Hoeseichthys brioche (Lin et al., 2015)—van Hins-
bergh & Hoedemakers: pl. 21, Figs. 1, 2.

Material 17 specimens, Zanclean: 13 specimens Dar bel
Hamri (figured specimens SMF PO 101.222), 3 speci-
mens Sidi Mohamed ech Chleuh (figured specimen SMF
PO 101.223), 1 specimen Asilah.

Discussion Hoeseichthys brioche was a widespread and
relatively common gobiid species in the Tortonian to
Piacenzian of the Mediterranean and adjacent region of
Morocco. It is not known from the Pliocene of Portugal
(see Nolf & Marques da Silva, 1997).

Genus Lesueurigobius Whitley, 1950

Lesueurigobius stazzanensis Schwarzhans et al., 2020

Figure 18f-j

?1997 Deltentosteus sp.—Nolf & Marques da Silva: pl. 3,
Figs. 7-9.

2010 Lesueurigobius sp. 2—Girone, Nolf & Cavallo:
Fig. 10c1-4.

2020 Lesueurigobius stazzanensis—Schwarzhans, Agiadi
& Carnevale: Fig. 6AG-AP.
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2022 Lesueurigobius stazzanensis Schwarzhans et al.,
2020—van Hinsbergh & Hoedemakers: pl. 21, Figs. 7-9.

Material 46 specimens Dar bel Hamri, Zanclean (figured
specimens SMF PO 101.224).

Discussion Lesueurigobius stazzanensis is known from the
Tortonian to Piacenzian of the Mediterranean, the Zan-
clean of Atlantic Morocco, and possibly the Piacenzian of
Portugal. It differs from the otoliths of other extant and
fossil Lesueurigobius otoliths except L. heterofasciatus
Maul, 1971, in being more elongate (OL:OH=1.05-1.17
vs.<1.0). The drawing of an extant specimen of L. het-
erofasciatus provided by D. Nolf (Bruges) shows similar
proportions (OL:OH =1.22) but with a pronounced pre-
ventral projection (vs. blunt anterior rim in L. stazzan-
ensis) and a regularly curved dorsal rim (vs. pronounced
predorsal and postdorsal angles in L. stazzanensis).

Genus Vanneaugobius Brownell, 1978
Vanneaugobius? sp.
Figure 18k-m

2013a Nematogobius maindroni 1880)—

Schwarzhans: pl. 13, Figs. 1, 2.

(Sauvage,

Material 2 specimens (SMF PO 101.225), Dar bel Hamri,
Zanclean.

Discussion Extant otoliths of Vanneaugobius are not well
known, and those of other West African gobies such as
Didogobius, Ebomegobius, and Wheelerigobius are still
unknown. A poorly preserved specimen of V. canariensis
Van Tassell, Miller & Brito, 1987, extracted from USNM
298,746 and a small specimen of V. dollfusi Brownell,
1978, figured in Lombarte et al. (2006) suggest that these
otoliths could belong to an unknown species of the genus
Vanneaugobius. The specimens from the Zanclean of
Morocco are characterized by a relatively flat and smooth
inner face bearing a small, slightly inclined sulcus with
low ostial lobe and no subcaudal iugum. The same otolith
morphotype has also been dredged from Holocene sedi-
ments of Guinea and Ivory Coast and has been errone-
ously identified as Nematogobius maindroni (Fig. 18m
is refigured from Schwarzhans, 2013a) based on small
specimens (the only ones then available). New otoliths
of both nominal species extracted from larger specimens
exhibited a distinctly different morphology reflecting a
remarkable ontogenetic allometry possibly accentuated
also by different habitats and water chemistry, as the
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small otoliths were obtained from freshwater specimens.
The true identity of the Pliocene Moroccan and Holocene
dredged Gulf of Guinea specimens remains somewhat
obscure, since it is not possible to discern from the few
extant otoliths known of Vanneaugobius whether they
have or lack a subcaudal iugum.

Subfamily Gobionellinae Bleeker, 1874
Genus Buenia 1ljin, 1930

Buenia pulvinus van Hinsbergh & Hoedemakers,
2022

Figure 19a—c

2022 Buenia pulvinus—van Hinsbergh & Hoedemakers:
pl. 20, Figs. 6-13.

Material 9 specimens, Dar bel Hamri, Zanclean (figured
specimens SMF PO 101.226).

Discussion The genus Buenia shows a remarkable diver-
sity in otolith-based taxa in the Pliocene of the Medi-
terranean (Schwarzhans et al, 2020; van Hinsbergh
& Hoedemakers, 2022). Two of the extant species (B.
affinis 1ljin, 1930, and B. massutii Kovaci¢, Ordines &
Schliewen, 2017) have also been recorded as fossils from
the Pliocene, in addition to the two extinct species B. pis-
iformis Schwarzhans et al., 2020, and B. pulvinus van
Hinsbergh & Hoedemakers, 2022. Van Hinsbergh & Hoe-
demakers compared B. pulvinus with the extant B. affinis
and mentioned the smaller size of the sulcus as the main
distinguishing characteristic. This characteristic is shared
by the Moroccan otoliths, which do not, however, exhibit
any postdorsal projection as described by van Hinsbergh
& Hoedemakers. I attribute the latter difference to the
smaller size of the Moroccan otoliths compared to those
from Estepona near Malaga.

Genus Deltentosteus Gill, 1863
Deltentosteus planus n. sp.
Figure 19fj

Holotype SMF PO 101.227 (Fig. 19f), Dar bel Hamri,
coquina at river level of Oued Beth, Zanclean.

Paratype 4 specimens SMF PO 101.228, same data as
holotype.
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Vanneaugobius? sp.

Fig. 18 Gobiiformes. a—e Hoeseichthys brioche (Lin et al,, 2015), b—e SMF PO 101.222 (b, e reversed), Dar bel Hamri, a SMF PO 101.223, Sidi
Mohamed ech Chleuh. f-j Lesueurigobius stazzanensis Schwarzhnans, Agiadi & Carnevale, 2020, SMF PO 101.224 (g-i reversed), Dar bel Hamri. k-m
Vanneaugobius? sp., k-1 SMF PO 101.225 (k reversed), Dar bel Hamri, m, refigured from Schwarzhans (2013a), dredge in the Gulf of Guinea, 04°40'N,
08°54'W

Further material 21 specimens, Zanclean, 20 specimens  Etymology From planus (Latin) = flat, referring to the rel-
same data as holotype, 1 specimen Asilah. atively flat inner face.
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Diagnosis OL:OH=1.02-1.1. Dorsal rim regularly
curved, smooth. Sulcus shape very asymmetrical with a
wide ostium and a narrow, tapering and pointed cauda.
Ostium inclined at 22-25°.

Description Small otoliths with rounded shape without
prominent angles or projections but resembling a well-
rounded rectangle. Size up to 2 mm in length (holotype
1.8 mm). OH:OT =2.7-3.0. Ventral rim shallow, nearly
straight; dorsal rim slightly elevated with well-rounded
pre- and postdorsal angles at about same level. Anterior
and posterior rims nearly vertical. All rims smooth.

Inner face relatively flat, only slightly convex, and
rather smooth. Sulcus positioned slightly eccentrically
towards anterior and very asymmetrical with a wide
ostium and a narrow cauda. Ostium dorsally and ven-
trally widened, steeply inclined at 22—-25°, with angular or
rounded anterior tip. Ostial-caudal joint marked by angle
on ventral sulcus margin. Cauda narrow and short, with
tapering, pointed tip, inclined at 7-12°. OL:SuL.=1.85-
2.1; OsL:CaL =1.85-2.2; OsH:CaH =2.5-2.8. Subcaudal
iugum very feeble and small. Dorsal depression small,
cup like, high above sulcus and dorsally open; ventral fur-
row weak, close to ventral rim of otolith, fading upwards
anteriorly and posteriorly. Outer face evenly but rela-
tively faintly convex, smooth.

Discussion Deltentosteus planus was apparently a rela-
tively small species with otoliths not exceeding 2 mm in
length. The otoliths are nevertheless easily recognized
by the nearly flat inner face, the smooth, rounded rec-
tangular outline, and the specific asymmetric sulcus. Of
the two extant species, it most resembles D. collonianus
(Risso, 1820) (Fig. 18e) in the relatively flat inner face and
the low OL:OH ratio known from the Mediterranean and
adjacent part of the Atlantic. Deltentosteus planus differs
from D. collonianus in the smooth, rounded rectangular
outline (vs. bulged dorsal rim and distinct crenulation
and undulations), the distinct shape of the sulcus, and
the rather steep inclination of the ostium (22-25° vs. 15°).
Furthermore, otoliths of D. planus do not reach the size
of its extant congener.

Deltentosteus quadrimaculatus (Valenciennes, 1837)
Figure 19d, k-m
2020 Deltentosteus quadrimaculatus (Valenciennes,

1837)—Schwarzhans, Agiadi & Carnevale: Fig. 12AE-A]J
(see there for further references).
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2022  Deltentosteus  quadrimaculatus  (Valenci-
ennes, 1837)—van Hinsbergh & Hoedemakers: pl. 20,
Figs. 23-26.

Material 43 specimens, Dar bel Hamri, Zanclean (figured
specimens SMF PO 101.229).

Discussion Otoliths of D. quadrimaculatus have fre-
quently been retrieved from Pliocene rocks from
Mediterranean realms. They are easily distinguishable
from D. planus by the more elongate shape in adults
(OL:OH =1.15), while small specimens at a size of about
1.05 are similar in proportions (see extant specimen in
Fig. 19d and small fossil specimen in 19 k). The sulcus is
larger in D. quadrimaculatus than in D. planus, with a
weaker asymmetry of the ostium to cauda, and the inner
face is distinctly convex.

Order Pleuronectiformes Bleeker, 1859

Family Citharidae Hubbs & Hubbs, 1945

Genus Citharus Artedi, 1793

Citharus balearicus Bauza-Rullan, 1955

Figure 20a—c

1955 Eucitharus balearicus—Bauza-Rullan: pl. 8, Fig. 16.

1999 Citharus balearicus Bauza-Rullan, 1955—Schwar-
zhans: Figs. 74-76 (see there for further references).

Material 8 specimens, Dar bel Hamri, Zanclean (figured
specimens SMF PO 101.230).

Discussion Citharus balearicus differs from otoliths of
the extant C. linguatula (Linnaeus, 1758) in the lower
expression of the postdorsal angle.

Family Bothidae Schmitt, 1892

Genus Arnoglossus Bleeker, 1862

Arnoglossus kokeni (Bassoli, 1906)

Figure 20d-g

1906 Solea kokeni—Bassoli: pl. 2, Fig. 3.
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Deltentosteus
quadrimaculatus

A %‘»

Deltentosteus planus

Deltentosteus quadrimaculatus

Fig. 19 Gobiiformes. a—c Buenia pulvinus van Hinsbergh & Hoedemakers, 2022, SMF PO 101.226 (c reversed), Dar bel Hamri. d Deltentosteus
quadrimaculatus (Vlenciennes, 1837), extant, ICM-O 132.8 from the Catalanian sea, Spain, TL=32 mm. e Deltentosteus collonianus (Risso, 1820),
extant, ZMUC 14, Mediterranean 8.12.1891. f-j Deltentosteus planus n. sp. Dar bel Hamri, Zanclean, f holotype, SMF PO 101.227, g-j paratypes, SMF
PO 101.228 (h, j reversed). k-m, Deltentosteus quadrimaculatus (Valenciennes, 1837), SMF PO 101.229 (reversed), Dar bel Hamri
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1999 Arnoglossus kokeni (Bassoli, 1906)—Schwarzhans:
Figs. 360—364 (see there for further references).

2022 Arnoglossus kokeni (Bassoli, 1906)—van Hinsbergh
& Hoedemakers: pl. 27, Figs. 7, 8.

Material 31 specimens, Zanclean, 29 specimens Dar bel
Hamri (figured specimens SMF PO 101.231), 1 specimen
Sidi Mohamed ech Chleuh, 1 specimen Asilah.

Discussion Arnoglossus kokeni is recognized by its nearly
perfectly square shape with a ratio OL:OH just slightly
above 1.0 (1.1-1.2). Arnoglossus kokeni is known in the
Mediterranean from the Tortonian to the Piacentian and
from Atlantic Morocco from the Zanclean.

Arnoglossus quadratus Schwarzhans, 1999
Figure 20h—k

1999 Arnoglossus
Fig. 365-373.

quadratus—Schwarzhans:

2022 Arnoglossus quadratus Schwarzhans, 1999—van
Hinsbergh & Hoedemakers: pl. 27, Figs. 4-6.

Material 18 specimens, Dar bel Hamri, Zanclean, pho-
tographed holotype (Fig. 20j) SMF P 9317 and paratypes
SMF P 9318.

Discussion Arnoglossus quadratus differs from the coeval
A. kokeni in the more elongate, rectangular shape with a
ratio OL:OH ranging from 1.25 to 1.3. It has been found
also with few specimens in the Pliocene of Estepona near
Milaga (van Hinsbergh & Hoedemakers, 2022).

Genus Laeops Giinther, 1880

Laeops rharbensis Schwarzhans, 1999

Figure 201-o0

1999 Laeops rharbensis—Schwarzhans: Fig. 444—447.

Material 7 specimens, Dar bel Hamri, Zanclean, photo-
graphed paratypes SMF P 9320.

Discussion Laeops rharbensis resembles Arnoglossus
kokeni in proportions and general appearance, but differs
in being more compressed (OL:OH=1.0-1.1 vs. 1.1-
1.2), in the more rounded and expanded ventral rim, and
in the higher positioned anterior rostrum-like tip of the
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otolith. The generic allocation to the genus Laeops, which
today only lives in the Indo-Pacific, is poorly constrained
by means of otolith morphological characters. If verified,
it would represent the second taxon in the Zanclean of
northwestern Morocco with clear Indo-Pacific affinities,
the other being Brotula multibarbata (see above).

Family Soleidae Bonaparte, 1835
Genus Dicologlossa Chabanaud, 1927

Dicologlossa hexophthalma (Bennett, 1831)
Figure 21e—f

Material 1 specimen SMF PO 101.232, Dar bel Hamrij,
Zanclean.

Discussion Otoliths of D. hexophthalma are relatively
thin, oval in shape with a ratio OL:OH of 1,25-1.4 (cor-
rected from Schwarzhans, 1999) and a relatively thin
sulcus. A recent specimen is figured for comparison
(Fig. 21e). The single fossil specimen from Morocco
(Fig. 21f) resembles the extant specimens in all morpho-
logical aspects but is distinctly thicker (OH:OT =2.7 vs.
3.5-4.5), and is, therefore, only tentatively placed in the
same species.

Genus Microchirus Bonaparte, 1833
Microchirus variegatus (Donovan, 1808)
Figure 21i—j

1978 Microchirus variegatus (Donovan, 1808)—Nolf: pl.
7, Fig. 18.

1989 Microchirus variegatus (Donovan, 1808)—Nolf &
Cappetta: pl. 18, Fig. 18.

2019b Microchirus variegatus (Donovan, 1808)—Agiadi
et al.: Fig. 41.

2022 Microchirus variegatus (Donovan, 1808)—van
Hinsbergh & Hoedemakers: pl. 27, Figs. 13-15.

Material 3 specimens SMF PO 101.280, Dar bel Hamri,
Zanclean.

Discussion Otoliths of M. variegatus are recognized by
their rounded trinagular outline with a deep ventral
rim and a shallow dorsal rim and the distinctly convex
inner face. The species has been regularly recorded from



NW Morocco Pliocene geology and fossil otoliths

Page 41 of 85 4

Citharus ba'learicus

h

3 h2 i2
- Ps O e 2
1 mm |

Arnoglossus quadratus

Fig. 20 Citharidae and Bothidae. a—c Citharus balearicus Bauza-Rullan, 1955, SMF PO 101.230, Dar bel Hamri. d-g Arnoglossus kokeni (Bassoli, 1906),
SMF PO 101.231, Dar bel Hamri. h—-k Arnoglossus quadratus Schwarzhans, 1999, Dar bel Hamri, Zanclean, j holotype, SMF P 9317, h, i, k paratypes,
SMF P 9318. -0 Laeops rharbensis Schwarzhans, 1999, paratypes, SMF P 9320, Dar bel Hamri, Zanclean

Pliocene and Pleistocene rocks of the North Sea Basin
and the Mediterranean. Miocene records may represent a
different species (see Schwarzhans, 1999).

Genus Quenselia Jordan, 1889

Quenselia cornuta Schwarzhans, 1999

Figure 21a—d
1999 Quenselia cornuta—Schwarzhans: Fig. 751-758.
Material 35 specimens, Dar bel Hamri, Zanclean, photo-

graphed holotype (Fig. 21b) SMF P 9325 and paratypes
SMEF P 9326.
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Discussion Quenselia cornuta is readily recognized by its
horn-like predorsal lobe positioned near the anterior end
of the otoliths and the fact that the cauda is longer than
the ostium. Both are unusual characteristics and the pro-
portions of the sulcus could in fact indicate that Q. cor-
nuta could belong to an extinct lineage/genus. Quenselia
cornuta has only been recorded from the Pliocene of
Atlantic Morocco.

Genus Synaptura Cantor, 1849
Synaptura sp.
Figure 21g

22022 Solea sp.—van Hinsbergh & Hoedemakers: pl. 27,
Fig. 16.

Material 1 specimen SMF PO 101.234, Dar bel Hamri,
Zanclean.

Discussion The single, eroded specimen resembles extant
otoliths of the genus Synaptura in shape and otolith and
sulcus proportions but cannot be specifically identified
due to its poor preservation.

Genus Synapturichthys Chabanaud, 1927
Synapturichthys kleinii (Risso, 1827)
Figure 21h

Material 1 specimen SMF PO 101.235, Dar bel Hamri,
Zanclean.

Discussion Otoliths of S. kleinii are recognized by their
compressed shaped (OL:OH=1.1-1.15) in combination
with somewhat undulating otolith rims and a pointed
postdorsal projection. Synapturichthys kleinii is the only
species of the genus occurring today in the Mediterra-
nean and along the East Atlantic coast to South Africa
into the western Indian Ocean to off Durban.

Genus Vanstraelenia Chabanaud, 1950
Vanstraelenia chirophthalma (Regan, 1915)
Figure 21k

Material 1 specimen SMF PO 101.236, Dar bel Hamri,
Zanclean.
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Discussion Otoliths of V. chirophthalma are recognized
by their compressed, high-bodied shape (OL:OH=1.0-
1.15) combined with a flat inner face, a convex outer
face and a small, morphologically much reduced sulcus.
Today, V. chirophthalma occurs only along the tropical
coast of West Africa from Guinea-Bissau to Angloa.

Family Cynoglossidae Jordan & Goss, 1889

Genus Cynoglossus Hamilton-Buchanan, 1832

Cynoglossus obliqueventralis Schwarzhans, 1999
Figure 211-o0

1999 Cynoglossus
Fig. 905-906.

obliqueventralis—Schwarzhans:

2006 Cynoglossus obliqueventralis Schwarzhans, 1999—
Nolf & Girone: pl. 2, Fig. 16.

2019b Cynoglossus obliqueventralis Schwarzhans, 1999—
Agiadi et al.: Fig. 4m—n.

Material 7 specimens, Dar bel Hamri, Zanclean, pho-
tographed holotype (Fig. 21j) SMF P 9327 and paratype
SMEF P 9328, and 5 newly collected specimens (figured
specimens SMF PO 101.281).

Order Xiphiiformes Rafinesque, 1810 (for Istiophori-
formes Betancur R. et al. 2013)

Family Sphyraenidae Rafinesque, 1815
Genus Sphyraena Artedi, 1793
Sphyraena sp.

Figure 22a

Material 3 specimens, Dar bel Hamri, Zanclean, figured
specimen SMF PO 101.237.

Discussion All specimens of this morphotype lack the
rostrum and the anterior part of the ostium. Therefore,
the otoliths cannot be identified to the species level but
despite of the fragmentation are clearly recognizeable as
Sphyraena otoliths. A similar but much less bent Sphy-
raena otolith was described in open nomenclature from
the Zanclean of Piedmont, Italy, by Nolf and Girone
(2006).
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Quenselia cornuta

1 mm

Microchirus variegatus

Cynoglossus obliqueventralis

Fig. 21 Soleidae and Cynoglossidae. a—d Quenselia cornuta Schwarzhans, 1999, Dar bel Hamri, Zanclean, b holotype, SMF P 9325, a, c-d paratypes,
SMF P 9326. e—f Dicologlossa hexophthalma (Bennett, 1831), f SMF PO 101.232, Dar bel Hamri, e extant, Lagos fish market, Portugal. g Synaptura sp.
SMF PO 101.234, Dar bel Hamri. h Synapturichthys kleini (Risso, 1827), SMF PO 101.235, Dar bel Hamri. j—j Microchirus variegatus (Donovan, 1808),
SMF PO 101.280, Dar bel Hamri. k Vanstraelenia chirophthalma (Regan, 1915), SMF PO 101.236, Dar bel Hamri. I-o Cynoglossus obliqueventralis
Schwarzhans, 1999, Dar bel Hamri, 21 I holotype, SMF P 9327, m paratype, SMF P 9328, n-o newly collected specimens, SMF PO 101.281
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Order Carangiformes Patterson, 1993
Family Carangidae Rafinesque, 1815
Genus Caranx Lacepéde, 1801
Caranx rharbensis n. sp.

Figure 22e—-g

Holotype SMF PO 101.238 (Fig. 22e), Dar bel Hamri,
coquina at river level of Oued Beth, Zanclean.

Paratype 8 specimens SMF PO 101.282, same data as
holotype.

Etymology From Rharb, the geographical region in north-
west Morocco where Dar bel Hamri is located.

Diagnosis OL:OH=1.95-2.1. Ventral shallow,
smooth; dorsal rim shallow, coarsely crenulated. Ros-
trum relatively short, 20-25% OL. Ostium short,
Cal:OsL=2.9-3.3. Curvature of caudal tip 40-50°,
terminating very close to postventral rim, caudal tip
rounded and slightly widened.

rim

Description Relatively large and slender otoliths up to
9 mm in length (holotype 8.25 mm). OH:OT =3.0-3.4.
Ventral rim very shallow, regularly curved, smooth; dor-
sal rim shallow as well but intensely and irregularly cren-
ulated, without discernable pre- or mediodorsal angles
and variably developed postdorsal angle. Rostrum rela-
tively short (completely preserved only in specimens of
Fig. 22f, g); antirostrum and excisura weak. Posterior rim
blunt (Fig. 22e) or oblique (Fig. 22f, g).

Inner face slightly convex with slightly supramedian
positioned, deep, relatively wide and long sulcus. Ostium
short, narrow, only slightly widened ventrally. Cauda
long, straight, its tip bend downward with the down-
ward oriented section nearly straight; caudal tip broadly
rounded, slightly widened, terminating very close to
postventral otolith rim. Dorsal depression narrow, ven-
trally marked by crista superior, dorsal margin indistinct;
ventral field smooth, with feeble ventral furrow close to
ventral rim of otolith. Outer face flat to slightly concave,
relatively smooth.

Discussion These otoliths are placed in the genus Caranx
because of their resemblence with otoliths of the extant
C. hippos (Linnaeus, 1766) and C. rhonchus Geoffroy
Saint-Hilaire, 1817 as figured in Lombarte et al. (2006).
It differs from extant and coeval Trachurus otoliths in
the low ventral and dorsal rims. Caranx rharbensis is
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distinguished from said extant Caranx species in the
short rostrum and rounded and widened caudal tip, and
from parallel occurring Trachurus species (see below)
in the slender shape (OL:OH=1.95-2.1 vs. 1.55-1.9),
the shallow dorsal and ventral rims and the rounded and
widened caudal tip.

Genus Trachurus Rafinesque, 1810
Trachurus insectus n. sp.
Figure 22b—d

Holotype SMF PO 101.283 (Fig. 22b), Dar bel Hamri,
coquina at river level of Oued Beth, Zanclean.

Paratype 11 specimens SMF PO 101.284, same data as
holotype.

Etymology From insectus (Latin) =notched, referring to
the characteristic postdorsal notch.

Diagnosis OL:OH=1.55-1.7. Ventral rim with obtuse,
rounded midventral angle; dorsal rim with broad lobe
behind its middle followed by distinct notch. Rostrum
relatively short, 15% OL. Ostium short, CaL:OsL=2.9—
3.6. Curvature of caudal tip 37-45°, terminating close to
postventral rim.

Description Moderately large and thin otoliths up to
6.9 mm in length (holotype). OH:OT =4.0-4.5. Ven-
tral rim moderately deep, anterior and posterior regions
nearly straight, inclined, with rounded midventral
angle, smooth or finely crenulated; dorsal rim anteriorly
depressed, rising to broad lobe slightly behind middle
follwed by deep and distinct notch and slightly expanded
postdorsal section, irregularly undulating. Rostrum rela-
tively short (completely preserved only in specimens of
Fig. 22b, d); antirostrum and excisura very weak. Poste-
rior rim angular.

Inner face slightly convex with distinctly supramed-
ian positioned, deep, relatively narrow and long sulcus.
Ostium short, narrow, only slightly widened ventrally.
Cauda long, straight, its tip bend downward; caudal tip
not widened, terminating close to postventral otolith rim.
Dorsal depression narrow, ventrally marked by crista
superior, dorsal margin indistinct; ventral field with fee-
ble ventral furrow distant from ventral rim of otolith,
smooth above ventral furrow, slightly plicated below.
Outer face flat to slightly concave, relatively smooth.

Discussion This species is recognized as a member of the
genus Trachurus by the otolith shape with the midventral
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Verilus mutinensis

Fig. 22 Sphyraenidae, Carangidae and Acropomatidae. a Sphyraena sp., SMF PO 101.237, Dar bel Hamri. b—d Trachurus insectus n. sp., Dar bel Hamri,
Zanclean, b holotype, SMF PO 101.283, c-d paratypes, SMF PO 101.284 (reversed). e-g Caranx rharbensis n. sp., Dar bel Hamri, Zanclean, e holotype,
SMF PO 101.238, f-g paratypes, SMF PO 101.282 (reversed). h—k Trachurus mediterraneus (Steindachner, 1868), SMF PO 101.239 (h, j reversed), Dar
bel Hamri. 1o Verilus mutinensis (Bassoli, 1906), SMF PO 101.240 (m, n reversed), Dar bel Hamri

angle and the shape and proportions of the sulcus. It dif-  Trachurus mediterraneus (Steindachner, 1868)

fers from the four extant congeners occurring in the east-

ern Atlantic in the short rostrum and the peculiar shape  Figure 22h-k

of the dorsal rim with the broad lobe behind the middle

and the postdorsal notch. Otoliths of the parallel occurrig ~ Material 32 specimens, figured specimens SMF PO
T. mediterraneus are further distinguished by the regu-  101.239, Dar bel Hamri, Zanclean.

larly rounded and intensely crenulated dorsal rim.
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Discussion Otoliths of T. mediterraneus differ from oto-
liths of T. trachurus in being slightly more compressed,
showing a much stronger and finer crenulation of the
dorsal and ventral rims and a more rounded postdorsal
angle. Both species have been commonly recorded from
Pliocene and Pleistocene sediments in the Mediterranean
(e.g., Agiadi et al., 2019a).

Order Perciformes (sensu Nelson et al., 2016)
Family Acropomatidae Gill, 1891

Genus Verilus Poey, 1860

Verilus mutinensis (Bassoli, 1906)

Figure 221-o0

1906 Ot. (Sparidarum) mutinensis. Bassoli: pl. 2, Fig. 36.

2017 Verilus mutinesis (Bassoli, 1906)—Schwarzhans &
Prokofiev: pl. 33, fig. L, M.

2018 Verilus mutinesis (Bassoli, 1906)—Agiadi et al.:
Fig. 5/49-51.

2022 Verilus mutinesis (Bassoli, 1906)—van Hinsbergh
& Hoedemakers: pl. 29, Figs. 1-4 (see there for further
references).

Material 101 specimens, Zanclean, 99 specimens, Dar
bel Hamri (figured specimens SMF PO 101.240), 2 speci-
mens Jebel Zebbou,j.

Discussion Verilus mutinensis is a long ranging and rather
common species in the Mediterranean from the Tor-
tonian (Bassoli, 1906) well into the Pleistocene (Agiadi
et al., 2018). Today, the genus Verilus is not present any-
more in the East Atlantic or Mediterranean.

Family Haemulidae Gill, 1885

Genus Parapristipoma Bleeker, 1873

Parapristipoma bethensis n. sp.

Figure 23a—c

Holotype SMF PO 101.285 (Fig. 23a), Dar bel Hamri,
coquina at river level of Oued Beth, Zanclean.
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Paratype 3 specimens SMF PO 101.286, same data as
holotype.

Etymology Named after the Oued Beth along which the
outcrops occur from which the otoliths were obtained.

Diagnosis OL:OH=1.5-1.6. Dorsal rim irregularly undu-
lating, highest anteriorly; ventral rim regularly curved.
Cauda distinctly inclined at angle of 50-65°.

Description Relatively large and elongate otoliths with
overall oval shape reaching 9.5 mm in length (holotype).
OH:OT =3.0. Dorsal rim gently curved and irregularly
undulating, highest anteriorly, with rounded postdorsal
region. Ventral rim relatively shallow, gently and regu-
larly curved. Rostrum short, blunt to broadly rounded;
no or very weak excisura or antirostrum. Posterior tip
broadly rounded, slightly inferior.

Inner face distinctly convex, with slightly supramedian
positioned, moderately deepened sulcus. Ostium short,
its ventral rim box-shaped, the dorsal rim short and
upward directed. Cauda long, narrow, reaching close to
posterior tip of otolith, distinctly curved toward its tip.
Cal:OsL=1.75-1.85; OsH:CaH=1.8-2.0. Dorsal field
narrow, with indistinct, narrow depression; ventral field
smooth without ventral furrow. Outer face concave, with
small central umbo, smooth.

Discussion These otoliths readily differ from the more
common haemulid otoliths at Dar bel Hamri (Pomadasys
incisus and P. zemmourensis n. sp.) in the more slender
shape, the shallower and more gently curved ventral rim
and the more strongly bent caudal tip. Parapristipoma
bethensis is characterized through its relatively elongate
shape and the gently curved ventral rim as a memebr
of the genus Parapristipoma. Three of four extant spe-
cies of Parapristipoma are known from the east Atlan-
tic. Otoliths are known from all of them (see Lombarte
et al.,, 2006 and Nolf et al., 2009 for figures). Otoliths of
Parapristipoma bethensis are less slender than those of P
humile (Bowdich, 1825) and the inner and outer faces are
less strongly curved than in P. humile and P. octolineatum
(Valenciennes, 1833) and the ostium is relatively shorter
and wider. Parapristipoma bethensis resembles most P
macrops (Pellegrin, 1912) but differs in the rounded pos-
terior rim (vs. tapering) and the broadly undulating ante-
rior dorsal rim (vs. finely crenulated; see Lombarte et a.,
2006 for figures of otoliths of P. macrops).

Genus Pomadasys Lacepéde, 1802
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Pomadasys incisus (Bowdich, 1825)
Figure 23d-h

2010 Pomadasys incisus (Bowdich, 1825)—Schwarzhans:
pl. 78, Figs. 1-6 (see there for further references).

2022 Pomadasys incisus (Bowdich, 1825)—van Hins-
bergh & Hoedemakers: pl. 31, Fig. 1.

Material 518 specimens, Dar bel Hamri, Zanclean (fig-
ured specimens SMF PO 101.241).

Discussion Pomadasys incisus is one of the most com-
mon species in Dar bel Hamri. It is also a long-ranging
species that has been recorded since the late Early Mio-
cene (Schwarzhans, 2010, and references therein). The
otoliths of P, incisus are also remarkable for a pronounced
late ontogenetic morphological change whereby large
otoliths (14 mm in length, Fig. 23d) become increas-
ingly more elongate than smaller ones (8.7-11.8 mm in
length, Fig. 23e-h) (see Lombarte et al., 2006, for figures
of extant otoliths). This effect is also documented in the
ontogenetic sequence depicted in Lombarte et al. (2006).
Today, P, incisus is distributed from the Strait of Gibraltar
to Angola and is also known from the western Mediter-
ranean (Froese & Pauly, 2022).

Pomadasys zemmourensis n. sp.
Figure 23j-1

Holotype SMF PO 101.242 (Fig. 23j), Dar bel Hamri,
coquina at river level of Oued Beth, Zanclean.

Paratype 6 specimens SMF PO 101.243, same data as
holotype.

Further material 15 specimens, same data as holotype.

Etymology Named after Zemmours, the region in Maroc
of the origin of the described otoliths and the name of the
Berber people native to this region.

Diagnosis OL:OH=1.4-1.5. Dorsal rim shallow, with
depressed postdorsal region. Cauda only slightly inclined
at angle of 25-40°.

Description Relatively large, moderately elongate and
robust otoliths with overall oval shape reaching 9 mm
in length (holotype 8.9 mm). OH:OT =2.5-3.0. Dor-
sal rim shallow, highest anteriorly, with depressed
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postdorsal region, broadly undulating, often with small,
broad postdorsal denticle. Ventral rim deep, regularly
curved. Rostrum short, blunt; very weak excisura and
antirostrum. Posterior tip pointed, more distinctly so
than rostrum.

Inner face distinctly convex, with distinctly suprame-
dian positioned, moderately deepened sulcus. Ostium
short, its ventral rim box-shaped, the dorsal rim short
and upward directed. Cauda long, narrow, reaching
close to posterior tip of otolith, only slightly inclined.
Cal:OsL=2.2-2.35; OsH:CaH=1.5-1.6. Dorsal field
narrow, with indistinct, narrow depression; ventral field
smooth without ventral furrow. Outer face flat to slightly
concave, smooth.

Discussion Pomadasys zemmourensis is one of the species
of the genus Pomadasys with otoliths that exhibit only a
mild inclination of the caudal tip; in most species of the
genus, the inclination is much stronger, almost 90°. It dif-
fers from the coeval P. incisus in the specific shape of the
dorsal rim and the lesser degree of the curvature of the
caudal tip (25-40° vs. 45-55°).

Pomadasys sp.
Figure 23i

Material 7 specimens, SMF PO 101.244, Dar bel Hamrij,
Zanclean.

Discussion These smaller and incomplete specimens dif-
fer from the P incisus in the more strongly bent cauda,
the dorsal rim with a broad mediodorsal bulge, and the
posterior rim that is broad, blunt, and extending some-
what behind the caudal tip. Figure 23i shows the larg-
est and best preserved specimen of 7.5 mm in length,
which lacks the rostrum (reconstructed about 8.2 mm
in length). These specimens probably represent a further
species of Pomadasys, although they cannot be identified
to species level.

Family Cepolidae Rafinesque, 1810
Genus Cepola Linnaeus, 1764
Cepola lombartei n. sp.

Figure 24i—n

1989 Cepola rubescens Linnaeus, 1766—Nolf & Cap-
petta: pl. 16, Fig. 4.
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Pomadasys zemmourensis

Fig. 23 Haemulidae. a—c Parapristipoma bethensis n. sp., Dar bel Hamri, Zanclean, a holotype, SMF PO 101.285, b—c paratypes, SMF PO 101.286. d-
h Pomadasys incisus (Bowdich, 1825), SMF PO 101.241 (d-g reversed), Dar bel Hamri. i, Pomadasys sp. SMF PO 101.244, Dar bel Hamri. j-I, Pomadasys
zemmourensis n. sp., Dar bel Hamri, Zanclean, j holotype, SMF PO 101.242 (reversed), k-1 paratypes, SMF PO 101.243 (k reversed)

22000 Cepola rubescens Linnaeus, 1766—Nolf & Girone:  Holotype SMF PO 101.245 (Fig. 24i), Dar bel Hamri,
pl. 4, Fig. 22. coquina at river level of Oued Beth, Zanclean.
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Paratype 5 specimens SMF PO 101.246, same data as
holotype.

Further material 16 specimens, Zanclean, 5 specimens
same data as holotype, 2 specimens Sidi Mohamed ech
Chleuh, 1 specimen Asilah.

Etymology Named in honor of Antoni Lombarte (Barce-
lona) in recognition of his contribution to the knowledge
of extant otoliths.

Diagnosis OL:OH=2.03-2.1. Dorsal and ventral rims
shallow. Cauda very narrow. Ostial colliculum termi-
nating at some distance from anterior opening. Collum
narrow.

Description Slender, thin otoliths up to 4.2 mm in length
(holotype). OH:OT =2.8-3.0. Dorsal and ventral rims
shallow. Dorsal rim nearly straight in central section,
with weak or indiscernible postdorsal angle and broadly
rounded predorsal angle. Ventral rim regularly curved,
sometimes flattened at its center. Anterior tip pointed
in large specimens, less in smaller ones; posterior tip
rounded in small specimens, becoming more pointed
in large ones but less pointed than anterior tip. All rims
smooth or slightly undulating.

Inner face distinctly convex, with slightly supramedian
positioned narrow sulcus. OL:SuL =1.4—1.5. Sulcus ante-
riorly open, but ostial colliculum not reaching anterior
rim of otolith but terminating at some distance from it.
Cauda very small and narrow, slightly shifted upwards.
OsL:CaL.=2.1-2.5; OsH:CaH=1.6-2.0. Cauda some-
what deepened with caudal colliculum less well defined
than ostial colliculum. Dorsal depression indistinct; ven-
tral furrow moderately developed, distant from ventral
rim of otolith, anteriorly departing from ventral rim and
leading to anterior tip of ostial colliculum. Outer face flat
to slightly concave, smooth.

Discussion The genus Cepola currently contains five rec-
ognized valid recent species. Otoliths are known from
four of those (except C. australis Ogilby, 1899) and are
figured here for comparison: Cepola macrophthalma
(Linnaeus, 1758), known from the northeastern Atlantic
and the Mediterranean (Fig. 24a); C. pauciradiata Cade-
nat, 1950, known from West Africa from Mauritania to
Angola (Fig. 24e—f); C. schlegelii Bleeker, 1854, known
from Indonesia and the West Pacific (Fig. 24g); and C.
haastii (Hector, 1881) from New Zealand (Fig. 24h). The
differences between the otoliths of these species are sub-
tle and concern otolith proportions, course of the dorsal
rim, and details of the sulcus. One important character-
istic is the position of the ostial colliculum, which usually
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terminates at some distance from the anterior rim of the
otolith in all species except C. macrophthalma, where it
reaches the anterior rim of the otolith or approaches very
closely.

Cepola lombartei resembles the extant West African
C. pauciradiata in otolith shape, but is more slender
(OL:OH=2.03-2.1 vs. 1.85-1.9) and has a narrower
cauda. It also lacks the well-developed postdorsal angle
of C. pauciradiata. The Indo-West Pacific species (C.
schlegelii and C. haastii) show a distinctly shorter ostial
colliculum. It appears that C. lombartei has also been
found in the Pliocene and possibly Pleistocene of the
Mediterranean. These interpretations are based on pub-
lished drawings (see synonymy listing) showing likewise
slender otoliths with the ostial colliculum detached from
the anterior rim of the otolith and are to be regarded ten-
tative at present until revision.

Cepola macrophthalma (Linnaeus, 1758)
Figure 24a—d

1980 Cepola macrophthalma (Linnaeus, 1758) —Nolf &
Martinell: pl. 4, Figs. 25, 26.

1994 Cepola rubescens Linnaeus, 1766—Nolf & Cavallo:
pl. 7, Fig. 7.

1998 Cepola rubescens Linnaeus, 1766—Nolf, Mané &
Lopez: pl. 7, Fig. 12.

2019a Cepola macrophthalma (Linnaeus, 1758)—Agiadi
et al.: Fig. 5G.

2022 Cepola macrophthalma (Linnaeus, 1758)—van
Hinsbergh & Hoedemakers: pl. 30, Figs. 3-5.

Material 27 specimens, Zanclean, 25 specimens Dar bel
Hamri (figured specimens SMF PO 101.247), 1 specimen
Sidi Mohamed ech Chleuh, 1 specimen Asilah.

Discussion For differentiation of C. macrophthalma
otoliths from C. lombartei, see above. Cepola mac-
rophthalma otoliths have been referred to since Early
Miocene from the North Sea Basin and the Mediterra-
nean but are in much need of revision. Most or all of the
Miocene specimens probably represent different species
for which at least three nominal species names are availa-
ble: C. praerubescens Bassoli, 1906 (Tortonian of Italy), C.
voeslauensis Schubert, 1907 (Badenian of Austria), and C.
multicrenata Radwarnska, 1984 (Badenian of Poland). For
further discussion, see Schwarzhans (2014). Therefore, I
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have accepted only Pliocene and younger otoliths as valid
references here.

Genus Owstonia Tanaka, 1908
Owstonia sp.
Figure 240

Material 1 specimen, SMF PO 101.248, Dar bel Hamri,
Zanclean.

Discussion A single, relatively large otolith of 5.35 mm
in length that is well preserved except for some slightly
damaged section of the posterior rim. The otolith is char-
acterized by the dorsal rim rising towards a pronounced
postdorsal angle and the sulcus fading anteriorly with
a small ostial colliculum positioned very far from the
anterior rim of the otolith. The position of the ostial col-
liculum is considered typical for otoliths of the genus
Owstonia.

Order Scorpaeniformes Garman, 1899

Family Triglidae Rafinesque, 1810

Genus Peristedion Lacepéde, 1801

Peristedion cataphractum (Linnaeus, 1758)

Figure 24p

Material 1 specimen, SMF PO 101.249, Dar bel Hamri,
Zanclean.

Suborder Trachiniformes Bertin & Aambourg, 1958
Family Trachinidae Rafinesque, 1810
Genus Trachinus Linnaeus, 1758

Trachinus armatus Bleeker, 1861
Figure 25a

2022 Trachinus sp.—van Hinsbergh & Hoedemakers: pl.
28, Figs. 7, 8.

Material 3 specimens, Dar bel Hamri, Zanclean (figured
specimen SMF PO 101.250).

Discussion Trachinus armatus today lives along the
shores of West Africa from Senegal to Angola (Schwar-
zhans & Kovalchuk, 2022) but has also been tentatively
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recorded from the Middle Miocene of the Aquitaine
Basin (Steurbaut, 1984). See Schwarzhans (2019c¢) for fig-
ures of extant trachinid otoliths.

Trachinus maroccanus n. sp.
Figure 25b—-d

Holotype SMF PO 101.251 (Fig. 25b), Dar bel Hamri,
coquina at river level of Oued Beth, Zanclean.

Paratype 4 specimens SMF PO 101.252, same data as
holotype.

Further material 10 specimens, same data as holotype.

Etymology Named after Morocco, the country of origin of
the specimens.

Diagnosis OL:OH=1.8-1.9; OH:OT=2.0-2.2. Oto-
lith shape oval; otolith size up to 3 mm in length.
Ostium slightly longer than cauda and of equal width
(OsL:CaL=1.15-1.3).

Description Small, robust, oval otoliths up to 3 mm in
length (holotype). Dorsal and ventral rims regularly
curved without marked angles. Anterior tip rounded,
without distinct rostrum; posterior tip bluntly rounded.
All rims smooth except dorsal rim sometimes somewhat
undulating.

Inner face distinctly convex, smooth, with supramed-
ian positioned, narrow, slightly oscillating sulcus. Sulcus
opening to anterior rim, posteriorly terminating far from
posterior rim of otolith. Ostium not wider than cauda
and only slightly longer. Dorsal depression very indis-
tinct, above anterior part of sulcus and narrow, some-
times with few radial furrows from otolith rim; ventral
furrow mostly distinct, close to ventral rim of otoliths,
posteriorly curving upwards and inwards towards tip of
cauda. Outer face slightly convex, less than inner face,
smooth.

Discussion Trachinus maroccanus resembles otoliths of
T. armatus (see above) and the Oligocene—Miocene Echi-
ichthys biscissus (Koken, 1884). Trachinus maroccanus
shares with both species the relatively small size, bicon-
vex inner and outer faces, and the regular oval shape. It
differs from T. armatus in being thinner, with the outer
face being distinctly less convex than the inner face,
being more elongate (OL:OH=1.8-1.9 vs. 1.6-1.7), and
the ostium not being wider than the cauda. From E. bis-
cissus (figures in, e.g., Schwarzhans, 1994, 2008), it dif-
fers in being less elongate (OL:OH=1.8-1.9 vs. 2.0-2.2),
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Cepola lombartei
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Owstonia sp.

Peristedion cataphractum

Fig. 24 Cepolidae and Triglidae. a-d Cepola macrophthalma (Linnaeus, 1758), a extant, southwestern France (reversed), b—d Dar bel Hamri,
Zanclean, SMF PO 101.247. ef Cepola pauciradiata Cadenat, 1950, extant, e, CAS 235490, 14°11'N, 17°22'W, f refigured from Schwarzhans (2013a),
dredge in the Gulf of Guinea, 04°39'N, 01°08'W. g, Cepola schlegelii Bleeker, 1854, NSMT 110130, Taiwan. h Cepola haastii (Hector, 1881), New Zealand
(reversed). i-n Cepola lombartei n. sp., Dar bel Hamri, Zanclean, i holotype, SMF PO 101.245, j—n paratypes, SMF PO 101.246. o Owstonia sp. SMF PO
101.248, Dar bel Hamri. p Peristedion cataphractum (Linnaeus, 1758), SMF PO 101.249, Dar bel Hamri

showing different proportions of the ostium to cauda
(OsL:CaL=1.15-1.3 vs. 1.6-1.9), and in the rounded
anterior tip (vs. pointed). Trachinus biscissus has recently
been placed in the Echiichthys (see Schwarzhans &
Kovalchuk, 2022). Otoliths of the only extant species, E.
vipera (Cuvier, 1829), have been figured in Nolf (2018) (as
Trachinus vipera) and Lombarte et al. (2006). I maintain
the view that E. biscussus and possibly the coeval related
E. verus (Koken, 1891) should be placed in the clade with
the extant E. vipera. However, T. maroccanus bears more
resemblance to the clade with T. armatus (see Schwar-
zhans & Kovalchuk, 2022) and, therefore, is allocated to
Trachinus. Several small Trachinus specimens from the

Pliocene of the Mediterranean and from Portugal have
been allocated to T draco, T. radiatus, or T. sp. (see Nolf
& Martinell, 1980; Nolf & Cappetta, 1989; Nolf & Cav-
allo, 1994; Nolf & Marques da Silva, 1997; van Hinsbergh
& Hoedemakers, 2022) and require review.

Trachinus wernlii n. sp.
Figure 25e-h

Holotype SMF PO 101.253 (Fig. 25g), Dar bel Hamri,
coquina at river level of Oued Beth, Zanclean.
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Paratype 7 specimens SMF PO 101.254, same data as
holotype.

Further material 50 specimens, same data as holotype.

Etymology Named in honor of the late Roland Wer-
nli (Genf) who laid the foundation for the Neogene
biostratigraphy of Morocco.

Diagnosis OL:OH=2.35-2.5; OH:OT =2.6-3.1. Dorsal
rim low; posterior rim with angular ventral tip. Sulcus
narrow, ostium not wider than cauda and only slightly
longer (OsL:CaL=1.1-1.4).

Description Large, elongate, thin otoliths up to 7 mm
in length (holotype 6.4 mm). Dorsal rim low, shallower
than ventral rim, both regularly curved without marked
angles. Anterior tip moderately pointed but distinct ros-
trum; posterior rim slanted, straight to slightly concave,
posterior tip with angular ventral projection. All rims
smooth.

Inner face slightly convex, smooth, with supramedian
positioned, narrow, distinctly oscillating sulcus. Sulcus
opening to anterior rim, posteriorly terminating relatively
close to dorsal part of posterior rim of otolith. Ostium
not wider than cauda and only slightly longer. Dorsal field
very narrow without discernable dorsal depression; ven-
tral furrow feeble, very close to ventral rim of otoliths,
posteriorly curving upwards and inwards towards tip of
cauda. Outer face flat to slightly concave, smooth.

Discussion Trachinus wernlii belongs to the group com-
prising the extant T. araneus Cuvier, 1829, T. collignoni
Roux, 1957, and T. pellegrini Cadenat, 1937, and the fos-
sil T acutus Weiler, 1942, from the Miocene of the North
Sea Basin, T. meridianus Schwarzhans & Kovalchuk,
2022, from the Miocene of the Paratethys, and T. unus
Miiller, 1999, from the Miocene of Northeast America
and the North Sea Basin (see Schwarzhans, 2019¢, for
figures of the extant species). This group is character-
ized by elongate and relatively thin otoliths (but not as
elongate and thin as in the Trachinus draco group) and
an ostium that is about 1.1 to 1.8 (mostly < 1.6) the length
of the cauda (vs. 1.5-2.0 in the Trachinus draco group).
Trachinus wernlii is similar to the fossil Miocene species
in appearance, but is more elongate (OL:OH=2.35-2.5
vs. 1.9-2.3), differs in the ratio OsL:Cal (1.1-1.4 vs.
1.4-1.8), and shows a lower dorsal rim, resulting in a nar-
rower dorsal field. It further differs from T. acutus in the
distinctly narrower sulcus. Trachinus wernlii shares the
proportions of the sulcus (OsL:CalL.=1.1-1.4 vs. 1.2-1.4)
with T. unus Miller, 1999, but differs in the longer sulcus
reaching closer to the posterior rim of the otolith and the

W. Schwarzhans

low dorsal rim. The low dorsal rim and the slender pro-
portions also distinguish 7. wernlii from the three men-
tioned extant species.

Family Uranoscopidae Bonaparte, 1831

Genus Uranoscopus Linnaeus, 1758

Uranoscopus ciabatta Girone, Nolf & Cavallo, 2010
Figure 25i

2010 Uranoscopus ciabatta—Girone, Nolf & Cavallo:
Fig. 12b1-12b2.

2022 Uranoscopus sp.—van Hinsbergh & Hoedemakers:
pl. 28, Fig. 11.

Material 2 specimens SMF PO 101.287, Dar bel Hamri,
Zanclean.

Discussion Uranoscopus ciabatta was established based
on two compact and thick otoliths from the pre-evapo-
ritic Messinian of Piedmont, Italy, which fall out of the
variation breadth observed in the extant U. scaber (see
Girone et al., 2010). Van Hinsbergh and Hoedemakers
(2022) described a unique very compressed otolith from
the Piacenzian of Estepona as Uranoscopus sp. because
of uncertainties in respect to the degree of variability
known from the extant U. scaber. Now, with two more
specimens of such compressed shape from the Zanclean
of Morocco, these together with the Messinian and Pia-
cenzian specimens are regarded as representing a single
species, i.e., U. ciabatta.

Uranoscopus hoedemakersi n. sp.
Figure 25p—q

Holotype SMF PO 101.258 (Fig. 25p), Dar bel Hamri,
coquina at river level of Oued Beth, Zanclean.

Paratypes 3 specimens SMF PO 101.288, same data as
holotype.

Etymology Named in honor of Kristiaan Hoedemakers
(Mortsel, Belgium) for his contribution to the knowledge
of fossil otoliths.

Diagnosis OL:OH=1.8-1.9; OH:OT =2.45. Dorsal rim
with broad middorsal expansion. Sulcus deepened, ante-
riorly closed, with clearly distinct ostium and cauda.
Anterior and posterior tips symmetrical, moderately
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Uranoscopus archionema S A : Uranoscopus hoedemakersi

Fig. 25 Trachinidae and Uranoscopidae. a Trachinus armatus Bleeker, 1861, SMF PO 101.250, Dar bel Hamri. b—d Trachinus maroccanus n. sp., Dar bel
Hamri, Zanclean, b holotype, SMF PO 101.251, ¢—d paratypes, SMF PO 101.252 (25c¢ reversed). e-h Trachinus wernlii n. sp., Dar bel Hamri, Zanclean,
25 g holotype, SMF PO 101.253 (reversed), e—f, h paratypes, SMF PO 101.254 (e, h reversed). i Uranoscopus ciabatta Girone et al,, 2010, SMF PO
101.287, Dar bel Hamri. j-k Uranoscopus scaber Linnaeus, 1758, Dar bel Hamri, SMF PO 101.255 (reversed). I-n Uranoscopus vanhinsberghin. sp., Dar
bel Hamri, Zanclean, I holotype, SMF PO 101.256 (reversed), m—n paratypes, SMF PO 101.257 (n reversed). o Uranoscopus archionema Regan, 1921,
Madagascar (reversed). p—q Uranoscopus hoedemakersi n. sp., Dar bel Hamri, Zanclean, p holotype, SMF PO 101.258, q paratype, SMF PO 101.288
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pointed. OL:SuL=1.75-1.9; OsL:CaL=1.8-2.2. Broad
dorsal field with many radial furrows.

Description Robust, large otoliths up to 8.5 mm in
length (holotype). Dorsal rim high, with broad medi-
odorsal expansion and with flat predorsal and slightly
curved postdorsal regions, almost triangular in shape,
somewhat irregular. Ventral rim shallower than dorsal
rim, regularly curved. Anterior tip inferior, strongly
projecting, rounded. Posterior tip at level with ante-
rior tip, symmetrical in expression but slightly less
projecting.

Inner face mildly convex, with short, deepened, ante-
riorly closed sulcus. Ostium about twice as long as
cauda and slightly wider, somewhat downward inclined
towards collum. Cauda terminating far from posterior
tip of otolith, slightly upward shifted against ostium.
Dorsal depression very wide, dorsally open, with many
radial furrows. Ventral field with three transverse furrows
below central part of ostium. Ventral furrow running on
ventral rim of otolith except somewhat turning inwards
posteriorly. Outer face flat to slightly convex, somewhat
irregularly shaped.

Discussion Uransocopus hoedemakersi represents a dif-
ferent morphotype in the highly diverse genus Uranosco-
pus from the other species described here. The otoliths
of the three tropical West African species—U. albesca
Regan, 1915, U. cadenati Poll, 1959, and U. polli Cadenat,
1951—are known (Schwarzhans, 2019¢c) and also repre-
sent different morphotypes. Otoliths of U. albesca and U.
cadenati are somewhat similar in otolith shape and in the
reduced sulcus morphology, but show much further sep-
aration of the sulcus from the anterior rim and a small,
completely unstructured sulcus. The closest morpho-
type is found in U. archionema Regan, 1921 (Fig. 250),
a species distributed in the southeastern Indian Ocean
along East Africa from Kenya to South Africa, Madagas-
car, and Mauritius and Reunion (Froese & Pauly, 2022).
Otolith shape, proportions, and robustness and the
wide dorsal depression with radial furrows are all shared
characteristics. Uranoscopus hoedemakersi differs from
U. archionema in the shorter sulcus (OL:SuL=1.75-1.9
vs. 1.4) and the clearly structured sulcus with well-
defined ostium and cauda (vs. contiguous ostium and
cauda). Both species are thought to represent a vicariant
species pair.

Uranoscopus scaber Linnaeus, 1758

Figure 25j—k

W. Schwarzhans

2022 Uranoscopus scaber Linnaeus, 1758—van Hins-
bergh & Hoedemakers: pl. 28, Fig. 10 (see there for fur-
ther references).

Material 20 specimens, Dar bel Hamri, Zanclean (figured
specimens SMF PO 101.255).

Discussion Uranoscopus scaber is known for its large
range in variability (see figures and discussion in Girone
et al., 2010 and figures in Lombarte et al., 2006). Most
Uranoscopus otoliths found in Dar bel Hamri can be
convincingly placed within the morphological limits
depicted by Lombarte et al. (2006) for U. scaber.

Uranoscopus vanhinsberghi n. sp.
Figure 25]-n

Holotype SMF PO 101.256 (Fig. 25m), Dar bel Hamuri,
coquina at river level of Oued Beth, Zanclean.

Paratype 4 specimens SMF PO 101.257, same data as
holotype.

Etymology Named in honor of Victor van Hinsbergh (Lei-
den, the Netherlands) for his contribution to the knowl-
edge of fossil otoliths.

Diagnosis OL:OH =2.15-2.35; OH:0T =2.2-2.8.
Rostrum massive, moderately long, 13-17% OL.
OsL:CaL =1.1-1.4. Outer face flat to concave.

Description Elongate, thin and rather large otoliths reach-
ing 7.3 mm in length (holotype 6.05 mm). Dorsal rim
relatively shallow, irregular, slightly undulating, high-
est at its middle, without prominent angles; ventral rim
shallow, gently curved. Rostrum well developed, rela-
tively long and massive, with rounded tip. Excisura wide,
broadly concave; no or very feeble antirostrum. Posterior
rim blunt, with central or inferior rounded tip.

Inner face distinctly convex, with moderately long,
slightly bent, shallow sulcus. Ostium slightly longer than
cauda and slightly wider, its anterior opening indistinct.
OL:SuL=1.5-1.7. Distinction of ostium and cauda and
of colliculi feeble. Dorsal depression wide, dorsally open,
with indistinct margins. Ventral furrow rarely visible,
then very close to ventral margin of otolith. Outer face
flat to concave, smooth.

Discussion Uranoscopus vanhinsberghi is closely related
to U. scaber and differs in being more slender and thinner
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and showing a more massive rostrum. The species thus
falls outside the range of variations shown in Lombarte
et al. (2006) for U. scaber. Uranoscopus vanhinsberghi
may represent a sympatric vicariant species to the extant
U. scaber, known in parallel from Dar bel Hamri and
today from the Mediterranean and in the adjacent Atlan-
tic from the British Isles to Mauritania.

Order Spariformes Akazaki, 1962
Family Sparidae Rafinesque, 1810

Remarks The Sparidae represent the family with the larg-
est diversity in Dar bel Hamri with 15 species. The dis-
tinction of the otoliths of the many species often depends
on rather subtle traits such as proportions of the otolith
or the sulcus, curvature of inner and outer face, details
of the otolith outline particularly of the dorsal rim and
curvature of the caudal tip. Many small or poorly pre-
served specimens in the collection from Dar bel Hamri
cannot be identified to species level and therefore are
omitted from the description. Fortunately, many large
and well preserved sparid otoliths exist as well from Dar
bel Hamri and allow recognition of taxa. The allocation
of the otoliths to genera of the Sparidae is also a delicate
task and often depends on direct comparison with extant
species since no useful traits have been identified for a
definition of genera by means of otoliths. Some genera
contain rather different otolith morphological patterns,
for instance Pagellus or Dentex. In the case of Dentex,
the highly diverse otolith patterns strongly support the
separation of the formal genus in independant clades as
depicted in Chiba et al. (2009) and Santini et al. (2014).
However, a character analysis of sparid otoliths has not
yet been done, but see also comment to Dentex.

Genus Boops Cuvier, 1814
Boops boops (Linnaeus, 1758)
Figure 26a—b

1997 Boops boops (Linnaeus, 1758) —Nolf & Marques da
Silva: pl. 1, Fig. 13.

2022 Boops boops (Linnaeus, 1758) —van Hinsbergh &
Hoedemakers: pl. 33, Figs. 1-4.

Material 3 specimens, Zanclean, 2 specimens SMF PO
101.259, Dar bel Hamri, 1 specimen SMF PO 101. 260,
Asilah.
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Discussion Otoliths of Boops boops are recognized by
the highly characteristic dorsal rim with the sharply bor-
dered, flat, box-shaped postdorsal expansion (see Nolf
et al., 2009 for extant otoliths). Today, the species occurs
in the Mediterranean and the East Atlantic from Norway
to Angola. It has also been recorded as fossil from the
Piacenzian of Portugal (Nolf & Marques da Silva, 1997).

Genus Diplodus Rafinesque, 1810
Diplodus bellottii (Steindachner, 1882)
Figure 26d—f

1997 Diplodus aft. bellottii (Steindachner, 1882) —Nolf &
Marques da Silva: pl. 2, Figs. 13, 14.

Material 20 specimens (figured specimens SMF PO
101.261), Dar bel Hamri, Zanclean.

Discussion Otoliths of Diplodus bellottii differ from
those of its congeners by the relatively straight and dis-
tinctly inclined cauda (see Lombarte et al., 2006, for fig-
ures of extant otoliths). Nolf and Marques da Silva (1997)
reported this species tentatively because of incomplete
preservation from the Piacenzian of Portugal, which, fol-
lowing the new specimens from Morocco, can now be
allocated with more certainty. Today, Diplodus bellot-
tii occurs from southern Spain (Malaga, Cadiz) to the
Cape Verde islands (Froese & Pauly, 2022). Its occurrence
in the Alboran Sea is considered to represent a recent
immigration through the Strait of Gibraltar (Golani et al.,
2021).

Genus Oblada Cuvier, 1829
Oblada melanura (Linnaeus, 1758)
Figure 26¢

2022 Oblada melanura (Linnaeus, 1758)—van Hinsbergh
& Hoedemakers: pl. 33, Figs. 12, 13.

Material 7 specimens, Dar bel Hamri, Zanclean (figured
specimen SMF PO 101.262).

Genus Pagellus Valenciennes, 1830
Pagellus acarne (Risso, 1827)

Figure 26j
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1980 Pagellus cf. acarne (Risso, 1827)—Nolf & Martinell:
pl. 4, Fig. 13.

2022 Pagellus acarne (Risso, 1827)—van Hinsbergh &
Hoedemakers: pl. 34, Figs. 3-8.

Material 7 specimens, Dar bel Hamri, Zanclean (figured
specimen SMF PO 101.289).

Discussion Otoliths of Pagellus acarne resemble those of
Diplodus bellottii in shape and proportions but differ in
the relatively longer cauda (CalL:OsL=1.4-1.5 vs. 1.1-
1.3) and the fine crenulation of all otolith rims.

Pagellus bellottii Steindachner, 1882
Figure 26k

1997 Pagellus aff. bellottii Steindachner, 1882—Nolf &
Marques da Silva: pl. 2, Figs. 3, 4.

2022 Pagellus cf. bellottii Steindachner, 1882—van Hins-
bergh & Hoedemakers: pl. 36, Fig. 7.

Material 13 specimens, Dar bel Hamri, Zanclean (figured
specimen SMF PO 101.263).

Discussion Otoliths of Pagellus bellottii are character-
ized by a relatively high body and pronounced mid- und
postdorsal angles (see Lombarte et al., 2006 for figures of
extant otoliths). They resemble P. erythrinus but are more
compressed. Today, Pagellus bellottii occurs from the
Strait of Gibraltar to Angola (Froese & Pauly, 2022). Its
occurrence in the Mediterranean is considered to repre-
sent a recent immigration through the Strait of Gibraltar
(Golani et al., 2021).

Pagellus bogaraveo (Briinnich, 1768)
Figure 26g—i

1979 Pagellus aff. bogaraveo (Briinnich, 1768)—Lanck-
neus & Nolf: pl. 3, Fig. 2.

2022 Pagellus bogaraveo (Briinnich, 1768)—van Hins-
bergh & Hoedemakers: pl. 34, Fg. 9 (?11-13, non 10).

Material 26 specimens, Dar bel Hamri, Zanclean (figured
specimens SMF PO 101.264).

Discussion Large specimens of P bogaraveo are char-
acterized by a slender shape, rough crenulation of the

W. Schwarzhans

dorsal rim, and a distinctive twist of the otolith along
the long axis (Fig. 26g2). The rostrum is sometimes bent
downward at its tip (Fig. 26h). However, otoliths of P. bog-
araveo show a pronounced ontogenetic allometry, and
smaller specimens are sometimes difficult to distinguish
from other Pagellus species, notably P. erythrinus. A large
ontogenetic series of extant otoliths is depicted by Lom-
barte et al. (2006). Today, 2. bogaraveo is distributed from
Norway to Mauritania and in the western Mediterranean
(Froese & Pauly, 2022).

Pagellus erythrinus (Linnaeus, 1758)
Figure 26l

1979 Pagellus aft. erythrinus (Linnaeus, 1758)—Lanck-
neus & Nolf: pl. 3, Fig. 4.

1980 Pagellus aft. erythrinus (Linnaeus, 1758)—Nolf &
Martinell: pl. 4, Figs. 14, 15.

1988 Pagellus aft. erythrinus (Linnaeus, 1758)—Nolf &
Cappetta: pl. 15, Fig. 10.

1994 Pagellus erythrinus (Linnaeus, 1758)—Nolf & Cav-
allo: pl. 7, Fig. 5.

1997 Pagellus erythrinus (Linnaeus, 1758)—Nolf &
Marques da Silva: pl. 2, Figs. 6, 7.

2022 Pagellus erythrinus (Linnaeus, 1758)—van Hins-
bergh & Hoedemakers: pl. 36, Figs. 4-6.

?2022 Pagellus bogaraveo (Briinnich, 1768)—van Hins-
bergh & Hoedemakers: pl. 34, Fig. 10 non 9, 11-13).

Material 41 specimens, Dar bel Hamri, Zanclean (figured
specimen SMF PO 101.265).

Discussion Otoliths of P. erythrinus are amongst the most
common sparids recorded from the European Pliocene.
They differ from otoliths of P. bellottii primarily in being
slightly more elongate (OL:OH=1.4 vs. 1.3). Today, the
species is distributed from Norway to Guinea Bissau and
in the Mediterranean (Froese & Pauly, 2022).

Genus Pagrus Cuvier, 1816
Pagrus pagrus (Linnaeus, 1758)

Figure 26m-o
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b2

Fig. 26 Sparidae. a—b Boops boops (Linnaeus, 1758), a SMF PO 101.259 (reversed), Dar bel Hamri, b SMF PO 101.260 (reversed), Asilah. ¢ Oblada
melanura (Linnaeus, 1758), SMF PO 101.262 (reversed), Dar bel Hamri. d—f Diplodus bellottii (Steindachner, 1882), SMF PO 101.261 (e—f reversed),

Dar bel Hamri. g-i Pagellus bogaraveo (Brinnich, 1768), SMF PO 101.264 (reversed), Dar bel Hamri. j Pagellus acarne (Risso, 1827), SMF PO 101.289
(reversed), Dar bel Hamri. k Pagellus bellottii Steindachner, 1882, SMF PO 101.263 (reversed), Dar bel Hamri. | Pagellus erythrinus (Linnaeus, 1758), SMF
PO 101.265, Dar bel Hamri. m-o Pagrus pagrus (Linnaeus, 1758), SMF PO 101.290, Dar bel Hamri
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Material 39 specimens, Dar bel Hamri, Zanclean (figured
specimen SMF PO 101.290).

Discussion Otoliths of Pagrus pagrus are very similar
to those of Pagellus erythrinus differing mainly in being
slightly more elongate (OL:OH =1.45-1.5 vs 1.4), which
is partly counterbalanced by a more pronounced middor-
sal projection (Fig. 26m). Pagrus pagrus, Pagellus erythri-
nus and Pagellus bellottii are resolved in one clade in the
molecular phylogenetic studies in Chiba et al. (2009) and
Santini et al. (2014). Otolith morphology confirms such
interrelationships.

Genus Spicara Rafinesque, 1810
Spicara alta (Osério, 1917)
Figure 27d

2022 Spicara alta (Osério, 1917)—van Hinsbergh & Hoe-
demakers: pl. 36, Figs. 8, 9.

Material 24 specimens, Dar bel Hamri, Zanclean (figured
specimen SMF PO 101.291).

Discussion Fossil otoliths of S. alta were first described
by van Hinsbergh and Hoedemakers (2022) from the
Piacenzian of Estepona, Spain. It is relatively common
in the Zanclean of Dar bel Hamri, and as commented by
van Hinsbergh & Hoedemakers can be easily confused
with small specimens of species of Opsodentex. They
differ from O. angolensis in the lesser curvature of the
inner face and the lesser curvature of the caudal tip. In
the molecular phylogenetic analysis of Chiba et al. (2009),
Spicara alta resolves in a clade also containing species
of Dentex which are here placed in Opsodentex. Such a
relationship of Spicara alta would be consistent with its
otolith morphology. Spicara alta today lives along the
tropical west African coast from Senegal to southern
Angola (Froese & Pauly, 2022).

Spicara smaris (Linnaeus, 1758)
Figure 27a

2022 Spicara smaris (Linnaeus, 1758)—van Hinsbergh &
Hoedemakers: pl. 35, Figs. 3—6.

Material 2 specimens SMF PO 101.292, Dar bel Hamri,
Zanclean.

Discussion Two relatively small (4.5 mm in length)
and slender otoliths (OL:OH=1.75) are interpreted to
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represent S. smaris. They are further characterized by a
low curvature of the inner face and a nearly straight cau-
dal tip. For figures of extant otoliths of Spicara otoliths
see Nolf et al. (2009). Spicara smaris occurs today in
the Mediterranean and adjacent region of the northeast
Atlantic.

Genus Spondyliosoma Cantor, 1849
Spondyliosoma tingitana n. sp.
Figure 27b—c

Holotype SMF PO 101.293 (Fig. 27c), Dar bel Hamri,
coquina at river level of Oued Beth, Zanclean.

Paratype 4 specimens SMF PO 101.294, same data as
holotype.

Etymology From “Mauretania tingitana” (Latin)=the
Roman name for the northwestern Moroccan region,
deduced from Tingis (Latin), the ancient name of Tanger.

Diagnosis OL:OH=1.75 to approximately 2.0. Ven-
tral rim very shallow, regularly curved; dorsal rim with
low predorsal and distinct postdorsal angle; posterior
rim slanted, concave. Rostrum relatively short, 15% OL.
CaL:OsL=1.6. Curvature of caudal tip 45-55°, terminat-
ing moderately close to postventral rim.

Description Moderately large, elongate and thin otoliths
up to at least 8 mm in length judging from the incomplete
specimen of Fig. 27b (holotype 5.7 mm). OH:OT =3.4—
3.7. Ventral rim shallow, regularly curved, smooth; dorsal
rim with low predorsal angle, more pronounced post-
dorsal angle, slightly to irregularly undulating. Rostrum
relatively short (completely preserved only in specimens
of Fig. 27c); no antirostrum or excisura. Posterior rim
slanted, concave below postdorsal angle, with rounded or
projecting inferior tip.

Inner face slightly convex with distinctly supramed-
ian positioned, moderately deep, long sulcus. Ostium
short, wide. Cauda long, anteriorly straight, its tip bend
downward at 45 to 55° caudal tip tapering or rounded,
terminating moderately close to postventral otolith rim.
Dorsal depression narrow, short, ventrally marked by
crista superior, dorsal margin indistinct; ventral field
with feeble ventral furrow close to ventral rim of otolith.
Outer face distinctly concave, relatively smooth.

Discussion The genus Spondyliosoma contains two spe-
cies today, S. cantharus (Linnaeus, 1758) in the Medi-
terranean and northeast Atlantic from the British Isles
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to Namibia (Froese & Pauly, 2022; for extant otoliths see
Lombarte et al., 2006 and Nolf et al., 2009) and S. emar-
ginatum (Valenciennes, 1830) in the southwestern Indian
Ocean along the shores of South Africa and Madagascar
(Froese & Pauly, 2022; for extant otoliths see Smale et al.
1995). Spondyliosoma tingitana resembles the otoliths of
both extant species, but differ in the relatively strongly
developed postdorsal angle, concave posterior rim and in
being less strongly bent.

Genus Dentex Cuvier, 1814

Remarks The genus Dentex has been subdivided into sev-
eral subgenera, most of which are regarded as valid gen-
era in the recent literature (Fricke et al., 2022). Molecular
studies (Chiba et al., 2009 and Santini et al., 2014) have
consistently shown the genus Dentex to be polyphyl-
etic. The species currently allocated to Dentex (Froese
& Pauly, 2022) contain two distinct otolith morpholo-
gies, one with more elongate otoliths and the other with
more compressed otoliths (Nolf, 1979). As far as their
otoliths are known, the distinction of the two otolith
morphotypes reflects the the clustering of the molecular
phylogeny. The type species, Dentex dentex, belongs to
the elongate otolith morphotype. The compressed oto-
lith morphotype is found in the species D. angolensis, D.
congoensis, D. macrophthalmus and D. maroccanus (see
Nolf, 1979). Dentex macrophthalmus is the type spe-
cies of Opsodentex, established as subgenus of Dentex by
Fowler (1925). In the light of the congruence of molecu-
lar and otolith morphology data I, therefore, propose to
use Opsodentex as a valid genus for the above mentioned
four nominal Dentex species, the fossil otolith-based
Dentex gregarius (Koken, 1891) and Opsodentex mor-
dax n. sp. described in the following. Fossil otolith-based
evidence shows that these two morphotypes belong to
lineages that have been separate since at least the Late
Oligocene (Schwarzhans, 1994, 2010). It should be noted,
however, that distinction of Opsodentex, Polysteganus
and Evynnis by means of otolths is complex and requires
further investigation.

Dentex canariensis Steindachner, 1881
Figure 27e—f

Material 12 specimens, Dar bel Hamri, Zanclean (figured
specimens SMF PO 101.266).

Discussion Otoliths of D. canariensis are similar to those
of D. dentex and differ in only a few subtle features:
OL:OH ratio (1.5-1.6 vs. 1.65-1.7; D. canariensis first),
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being more strongly bent along the long axis of the oto-
lith, a blunter posterior tip, and a more strongly bent
caudal tip. However, many of these characteristics appear
to be considerably variable and thus may only be useful
for distinction in combination (see Lombarte et al., 2006,
for extant otoliths of both species). Dentex canariensis
occurs in the tropical East Atlantic from Cabo Bojador to
Angola (Froese & Pauly, 2022).

Dentex dentex (Linnaeus, 1758)
Figure 27h—i

Material 19 specimens, Dar bel Hamri, Zanclean (figured
specimens SMF PO 101.267).

Discussion For distinction from otoliths of D. canariensis,
see above. Dentex dentex is distributed in the Mediter-
ranean and northeastern Atlantic from the British Isles
to Mauritania (Froese & Pauly, 2022); today, it has only
a small area of overlap with the vicariant D. canariensis
(see above).

Genus Opsodentex Fowler, 1925
Opsodentex angolensis (Poll & Maul, 1953)
Figure 27g

Material 14 specimens, Dar bel Hamri, Zanclean (figured
specimen SMF PO 101.268).

Discussion The distinction of the four extant species in
Opsodentex (O. angolensis, O. congoensis, O. macroph-
thalmus, O. maroccanus) is difficult and may not be
possible in many cases. Veen and Hoedemakers (2005)
commented that these species could not be distinguished
and combined their otoliths in a “group de Dentex
maroccanus” Van Hinsbergh and Hoedemakers (2022),
however, distinguish otoliths of O. macrophthalmus and
O. maroccanus in the Pliocene of Estepona near Mélaga
without giving a rationale. It appears that they concluded
that O. macrophthalmus has more stretched otoliths than
O. maroccanus, a view that I follow. Opsodentex ango-
lensis is similar to the otoliths of O. macrophthalmus
but differs in a more strongly bent caudal tip (up to 60°),
although this is not evident in all cases studied by me or
figured in the literature (see Veen & Hoedemakers, 2005,
and Lombearte et al., 2006). Today, O. angolensis is distrib-
uted from Mauritania to Angola (Froese & Pauly, 2022).

Opsodentex mordax n. sp.
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Opsodentex mordax

Fig. 27 Sparidae. a Spicara smaris (Linnaeus, 1758), SMF PO 101.292, Dar bel Hamri. b—c Spondyliosoma tingitana n. sp., Dar bel Hamri, Zanclean,

c holotype, SMF PO 101.293 (reversed), b paratype, SMF PO 101.294 (reversed). d, Spicara alta (Osério, 1917), SMF PO 101.291, Dar bel Hamri. e—f
Dentex canariensis Steindachner, 1881, SMF PO 101.266 (f reversed), Dar bel Hamri. g Opsodentex angolensis Poll & Maul, 1953, SMF PO 101.268. h-i
Dentex dentex (Linnaeus, 1758), SMF PO 101.267 (h reversed). j-m Opsodentex mordax n. sp., Dar bel Hamri, Zanclean, j holotype, SMF PO 101.269
(reversed), k-m paratypes, SMF PO 101.295 (k- reversed)
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Figure 27j—m

Holotype SMF PO 101.269 (Fig. 27j), Dar bel Hamri,
coquina at river level of Oued Beth, Zanclean.

Paratype 6 specimens SMF PO 101.295, same data as
holotype.

Further material 23 specimens, same data as holotype.

Etymology From mordax (Latin)=cynical, referring to
the presence of a further species of Opsodentex in North
Africa.

Diagnosis OL:OH=1.02-1.1. Ventral rim deep, with dis-
tinct midventral angle; dorsal rim high, coarsely lobate.
Rostrum short, blunt, 15-20% OL. CaL:OsL=1.6-1.7.
Curvature of caudal tip 10-20°, terminating close to pos-
terior rim. Ventral furrow distant from ventral rim of
otolith.

Description Moderately large, high-bodied and compact
otoliths up to at least 9 mm in length (holotype 7.2 mm).
OH:OT=3.5-4.5, decreasing with size. Ventral rim deep,
with prominent midventral angle, preventral section nearly
smooth, postventral section undulating; dorsal rim high,
with narrow placed predorsal and postdorsal angles, pre-
dorsal angle higher, predorsal and postdorsal rims steeply
inclined, nearly straight; dorsal rim coarsely and irregu-
larly lobate. Rostrum relatively short; weak antirostrum and
excisura. Posterior tip angular, positioned slightly higher
than rostral tip.

Inner face distinctly convex with distinctly suprame-
dian positioned, moderately deep, long sulcus reach-
ing close to posterior tip of otolith. Ostium short, wide.
Cauda long, its tip very slightly bend at 10 to 20°, mostly
less than 15° caudal tip rounded. Dorsal depression
broad, large, ventrally marked by crista superior, dor-
sally fading. Ventral furrow mostly distinct, positioned
distantly from ventral rim of otolith and less strongly
bend, thus leaving widest space between them at mid-
dle of section; ventral field smooth above ventral furrow,
irregularly sculptured or plicated below. Outer face flat to
slightly concave, with some irregular radial furrows.

Discussion Opsodentex mordax is clearly distinguished
from its extant congeners by two distinct traits: the com-
pressed shape with the ratio OL:OH not exceeding 1.1
(vs.>1.25) and the position of the ventral furrow distant
from the ventral rim of the otolith (vs. parallel and close
to ventral rim of otolith). The latter character can become
obliterated when the otolith is slightly eroded or the
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ventral rim of the otolith has become abraded. It is also
less clearly developed in specimens smaller than 5 mm in
length.

Order Acanthuriformes Berg, 1930

Family Sciaenidae Cuvier, 1828

Genus Afroscion Trewavas, 1977

Afroscion trewavasae Schwarzhans, 1993

Figure 28a—d

1993 Afroscion trewavasae—Schwarzhans: Fig. 246-250.

1997 Afroscion trewavasae Schwarzhans, 1993—Nolf &
Marques da Silva: pl. 3, Figs. 1-6.

Material 1564 specimens, Dar bel Hamri, Zanclean, fig-
ured specimens are photographs of holotype, SMF P 8226
(Fig. 28b) and paratypes, SMF P 8227 (Fig. 28a, c—d).

Discussion Afroscion trewavasae is the most common
species at Dar bel Hamri. I know of no other fossil oto-
lith location where a sciaenid species represents the
most common species. Furthermore, the majority of
specimens are large, in the size category of 8 to 14 mm
in length, while specimens 5 mm in length (Fig. 28d) or
smaller are rare. At Vale de Freixo (Portugal, Piacenzian)
Nolf and Marques da Silva (1997) recorded A. trewavasae
as one of the most common species in their assemblage,
trailing only a goby (Deltentosteus sp.) and an ophidiid
(Ophidion rochei), but they described a more continuous
ontogenetic sequence starting with specimens slightly
over 1 mm in length. Afroscion contains a single extant
species, A. thorpei (Smith, 1977), distributed in south-
eastern Africa from Mozambique to Algoa Bay, where
juveniles are found on sand and mud and adults predom-
inantly on reefs (Sasaki in Heemstra et al. 2022). Even
though obviously not reef-associated, it appears likely
that the fossil northeastern Atlantic A. trewavasae lived
in different environments during its ontogeny. Afroscion
is often placed as a junior synonym of Argyrosomus de La
Pylaie, 1835, since Sasaki and Kailola (1988), but in the
light of its distinct lineage and disjunctive distribution
pattern, I consider it valid.

Genus Atractoscion Gill, 1862
Atractoscion cf. macrolepis Song, Kim & Kim, 2017

Figure 28e
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Material 1 specimen, SMF PO 101.296, Dar bel Hamri,
Zanclean.

Discussion In a recent analysis of Song et al. (2017) the
hitherto widely distributed East Atlantic/Indo-West
Pacific species A. aequidens (Cuvier, 1830) has been sub-
divided into four geographically separated species. Speci-
mens from West Africa are placed in A. macrolepis, while
A. aeqidens is restricted to South Africa. Therefore, spec-
imens figured from South Africa in Schwarzhans (1993)
and Smale et al. (1995) would represent A. aequidens and
specimens figured in Lombarte et al. (2006) from Mauri-
tania may represent A. macrolepis. However, Song et al.
only studied A. macrolepis specimens from Angola and
Namibia and, therefore, the identity of further northerly
specimens remains tentative. The unique specimen from
Dar bel Hamri is consistent with the morphology of the
extant specimens from Mauritania figured by Lombarte
et al. and should represent the same species. Song et al.
figured an otolith of A. microlepis Song et al.,, 2017, but
a comprehensive analysis of the otoliths of the various
extant species of the genus is still outstanding.

Genus Pseudotolithus Bleeker, 1863
Pseudotolithus cf. typus Bleeker, 1863
Figure 28g

Material 1 specimen, SMF PO 101.270, Dar bel Hamri,
Zanclean.

Discussion The single, relatively large otolith of 8.6 mm in
length is very similar in all morphological aspects to the
extant P typus known from Mauritania to Angola (see
Schwarzhans, 1993 for figures of extant specimens). The
identification, however, is only tentative because of some
abrasion of the anterior otolith rim and in the area of the
caudal tip.

Pseudotolithus sp.
Figure 28h

2003 Pteroscion sp. 2—Mendiola & Martinez: pl. 12,
Figs. 17-19, pl. 17, Figs. 1-8.

Material 1 specimen, SMF PO 101.271, Dar bel Hamri,
Zanclean.

Discussion An otolith of 9.5 mm in length represents
a second species of the genus Pseudotolithus. It differs

W. Schwarzhans

from P cf. typus (see above) in the slightly more com-
pressed shape (OL:OH=1.6 vs. at least 1.75), the much
thicker outer face with a massive postcentral umbo
(OH:OT=1.35 vs. 1.6), the much less pronounced
twist of the ventral margin of the otolith, and the small
expansion of the outer face over the postdorsal rim (vs.
significant overlap). The otolith resembles the extant P
elongatus (Bowdich, 1825) and P. epipercis Bleeker, 1863
(see Schwarzhans, 1993, for figures of extant specimens)
in proportions but differs in the ostium reaching close to
the anterior rim of the otoliths (vs. distant from anterior
rim), the massive postcentral umbo on the outer face,
and the postdorsal rim. It may represent an extinct spe-
cies, but I refrain from formal action, because it is not
clear how much the thin anterior rim of the otolith could
have been affected by erosion and the features of the dor-
sal rim and outer face could be reflecting aspects of vari-
ability. Otoliths figured by Mendiola and Martinez (2003)
as Pteroscion sp. 2 from the lower Pliocene of southern
Spain may represent the same species, but judging from
their drawings appear to be mostly eroded. The six extant
species of the genus Pseudotolithus are known today
from tropical West Africa south of Morocco to Angola.

Genus Pteroscion Fowler, 1925

Pteroscion peli (Bleeker, 1863)

Figure 28i-1

maroccanus—Schwarzhans:

1993 Pteroscion
Fig. 289-292.

2003 Pteroscion peli (Bleeker, 1863)—Mendiola & Mar-
tinez: Fig. 9:4-6, pl. 13, Fig. 289-291.

2003 Pteroscion guardamarensis—Mendiola & Mar-
tinez: Fig. 9:7-9, pl. 12, Figs. 1-8, pl. 15, Figs. 1-8, pl. 16,
Figs. 1-2.

2003 Pteroscion sp. 1—Mendiola & Martinez: pl. 12,
Figs. 9-16, pl. 16, Figs. 3, 4.

Material 46 specimens, Dar bel Hamri, Zanclean, fig-
ured specimens are photographs of holotype of P maroc-
canus, SMF P 8599 (Fig. 28h) and paratypes, SMF P 8600
(Fig. 28i-k).

Discussion 1 agree with Mendiola and Martinez (2003)
and in the light of the many extant and fossil species
they figured that P maroccanus is synonymous with the
extant P peli. However, I also agree with the view of the
reviewer of their manuscript, D. Nolf (as mentioned in
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their acknowledgements), that the species they described
from the Pliocene of Spain as P guardamarensis repre-
sent a further synonym of P. peli. The species was found
to be by far the most common sciaenid in the lower Plio-
cene rocks of Guardamar in southern Spain (Mendiola
& Martinez, 2003). Today, Pteroscion peli is distributed
from Senegal to Namibia.

Genus Umbrina Cuvier, 1817
Umbrina canariensis Valenciennes, 1843
Figure 28f

1993 Umbrina aff. canariensis Valenciennes, 1843—
Schwarzhans: Fig. 88-90.

2003 Umbrina canariensis Valenciennes, 1843—Mendi-
ola & Martinez: pl. 2, Figs. 3-7, pl. 3, Figs. 1, 2.

2003Umbrina aff. canariensis Valenciennes, 1843—Men-
diola & Martinez: pl. 4, Figs. 1-4.

Material 43 specimens, Dar bel Hamri, Zanclean (figured
specimen SMF PO 101.272).

Discussion Several large and well preserved specimens
have now been obtained from Dar bel Hamri confirm-
ing the identitiy of these otoliths, which previously have
been only tentatively allocated as U. aff. canariensis (see
Schwarzhans, 1993).

Diversification level and environmental assessment

Ninety-six otolith-based species have been identified
based on 4375 specimens collected from four loca-
tions along the Oued Beth and one location near Asi-
lah (Table 1), whereby 4250 otoliths were obtained from
a single location, the coquina at the base of section 1,
approximately 1.5 km south of Dar bel Hamri, with 95
species. Therefore, only location 1 near Dar bel Hamri
qualifies for a quantitative assessment of the bony fish
fauna. However, only subsample 1 with 1202 specimens
can be quantitatively evaluated because subsample 2 was
screened off at 2 mm mesh diameter and thus small spe-
cies are not adequately represented in it. Percentages in
the following therefore reflect only subsample 1 (Table 1).
The two most common species are Afroscion trewavasae
(19.55%) and Diaphus maghrebensis (16.39%), together
accounting for 35.94% of the entire assemblage (Table 1).
The diversification index is 31 of the most common spe-
cies to reach the threshold of 90% of all identified species.
This is an exceptionally high diversification index and in
fact the highest ever recorded in any otolith assemblage.
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This high diversity is probably a result of several inter-
relating effects, such as environment, sedimentary
facies, water depth, rich and diverse food supply at vari-
ous trophic levels, and the biogeographic situation (see
below).

The coquina of Dar bel Hamri, from where the oto-
liths were obtained, has been deposited in a subaqueous
environment, probably at moderate depth on the mid-
dle to lower shelf. Coquina accumulations observed in
Late Miocene/Early Pliocene sediments of Portugal, the
Huelva Basin in Spain, and the Rharb Basin in Morocco
have been interpreted by Gonzales Delgado et al. (1994)
as caused by winnowing from storm activities in shal-
low marine environments below the wave base. However,
the composition of the otolith assemblage points to a
deeper environment in a middle to lower shelf position
that would be below the storm wave base. The major-
ity of the 43 extant fishes occurring as fossils in Dar
bel Hamri occur at water depth of 50 to 100 m (55.8%),
another 18.6% in water shallower than 50 m and the
remainder in water deeper than 100 m (Table 2). About
58% of the 43 extant fishes occurring as fossils in Dar
bel Hamri have a demersal life habitat (Table 2) making
them relatively reliable depth indicators. The winnow-
ing responsible for the formation of the coquina and the
accumulation of fossils in the sediment at Dar bel Hamri
instead could have been caused by subaqueous currents,
possibly as a result of tidal reflux. Such explanation is
supported by the report of a Late Miocene/Early Pliocene
channel observed on seismic sections due east of Dar bel
Hamri (Capella et al., 2017). The current and winnow-
ing at the base of the early Zanclean may also have been
responsible for some reworking and erosion of directly
underlying sediments of (late) Messinian age in the area.
Furthermore, the current activity could have led to an
increase in the availability of food in the trophic chain.
In combination with the water activity this in turn could
have led to an unusually high percentage of large, adult
fishes as expressed in the high percentage of relatively
large otoliths in the coquina. The most abundant species,
Afroscion trewavasae, is a sciaenid of a group that today
feeds primarily on small, mostly nektonic fishes and large
invertebrates. The abundance of such a fish, particu-
larly with adult specimens, is unusual and supports the
hypothesis of an increased food supply in the deposi-
tional environment. The abundance of large otoliths also
increases the potential for their identification, which is
somewhat counterbalanced by a nearly ubiquitous mild
to moderate mechanical erosion, which one would expect
in such a facies. The other, stratigraphically comparable
locations at Sidi Mohamed ech Chleuh, Kef Nsour and
Jebel Zebbouj have yielded much fewer otoliths and are
dominated by myctophids. The myctophid otoliths in
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Afroscion trewavasae

Pteroscion peli

Fig. 28 Sciaenidae. a-d, Afroscion trewavasae Schwarzhans, 1993, Dar bel Hamri, Zanclean, b holotype, SMF P8226, a, c—d paratypes, SMF P 8227
(reversed). e Atractoscion cf. macrolepis Song, Kim & Kim, 2017, SMF PO 101.296, Dar bel Hamri. f Umbrina canariensis Valenciennes, 1843, SMF PO
101.272 (reversed), Dar bel Hamri. g Pseudotolithus cf. typus Bleeker, 1863, SMF PO 101.270, Dar bel Hamri. h Pseudotolithus sp., SMF PO 101.271
(reversed), Dar bel Hamri. i-l Pteroscion peli (Bleeker, 1863), types of Pteroscion maroccanus Schwarzhans, 1993, Dar bel Hamri, Zanclean, h holotype,
SMF P 8599, i-k paratypes, SMF P 8600 (k-1 reversed)
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these locations were mostly well preserved including the
frail denticles along the ventral rim of Diaphus otoliths,
and thus indicate no or very little erosion in a more calm
and possibly also deeper environment. Asilah has yielded
even fewer otoliths, which are often somewhat leached
hampering identification. This small assemblage contains
only species also known from Dar bel Hamri.

Lyellian percentage

Fourty-three species identified by means of otoliths in
the Early Pliocene of Dar bel Hamri are also known from
today. This compares to 39 fossil species and 14 that can-
not be identified to species level. Disregarding the latter
which could either represent extant or extinct species,
the Lyellian percentage thus amounts to 52.4%. A calcula-
tion on the same basis for the otolith assemblage recently
described from the Pliocene of Estepona near Mailaga,
southern Spain, by van Hinsbergh and Hoedemakers
(2022) arrives at a Lyellian ratio of about 67%. An evalu-
ation of the Lyellian percentage for goby otoliths in the
Mediterranean arrived at 70% (Schwarzhans et al., 2020).
Overall, the Lyellian percentage of otolith associations
in the Zanclean of the Mediterranean is in the order of
72% and for the Piacenzian 78%. However, articulated
skeletons exhibit a lower Lyellian percentage in the Early
Pliocene of the Mediterranean than otoliths (Landini &
Sorbini, 1992, 2005), which may be regarded as an expres-
sion of the generally more conservative approach in oto-
lith research. Overall, the Lyellian percentages of Early
Pliocene otolith associations vary between about 50%
(tropical West Atlantic Sciaenidae, Morocco) and about
75% (New Zealand) (see Schwarzhans, 2019a). Thus, the
Moroccan otolith-based fauna described here is remark-
able for a comparably low Lyellian percentage, which will
be discussed further in the chapter below about a poten-
tial “Maghrebian bioprovince” during the Pliocene.

The ratio of extant versus extinct species is unevenly
distributed among the families represented. Consider-
ing families with at least three identifiable species, one
can note that extinct taxa prevail in the Myctophidae
(5 extinct species in a total of 8 species), Gobiidae (4
in 5), Bothidae (3 extinct species), Trachinidae (with 2
extinct species in 3) and Uranoscopidae (3 extinct spe-
cies in 4). I interpret the low yield of extant species in
the Early Pliocene of these families as an indication of
a dynamic speciation in the recent geologic past. The
dynamic recent speciation is matched with observa-
tions made about Pliocene myctophid otoliths from
tropical America (Schwarzhans & Aguilera, 2013). In
respect to gobies, the extant—extinct ratio is somewhat
mixed. Schwarzhans et al. (2020) calculated a Lyellian
percentage of about 70% for the Gobiidae in the Early
Pliocene of the Mediterranean. A calculation from the
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species list provided by van Hinsbergh and Hoedemak-
ers (2022) for the Pliocene of Estepona near Malaga,
southern Spain, arrived at about 62%. Thus, the yield
of extinct gobiid species in Dar bel Hamri is distinctly
higher than in Mediterranean locations, even though
all except one of the species (Deltentosteus planus)
found in Morocco are also known from the Mediterra-
nean. I find no ready explanation for this discrepancy.
Conversely, the yield of extinct species is low in the
Congridae (1 extinct species in 4), Carapidae (1 extinct
species in 3), Soleidae, and Sciaenidae (1 extinct spe-
cies in 5) and particularly in the Sparidae (2 extinct
species in 15). The high percentage of extant species
in the Early Pliocene record of these families could
indicate that much of the speciation that led to the
extant fauna occurred earlier. However, the low yield of
extinct taxa in the family with the most species in Dar
bel Hamri, the Sparidae, could have a different cause.
Otoliths of the Myctophidae (Brzobohaty & Nolf, 1996,
2000; Schwarzhans, 2013b; Schwarzhans & Aguilera,
2013) and of the Gobiidae (Schwarzhans et al., 2020;
Bratishko et al., 2023 ms, and literature cited in both
studies) have been studied extensively and have in part
been calibrated by finds of otoliths in situ (Bedini et al,,
1986; Reichenbacher & Bannikov, 2021, 2022; Schwar-
zhans et al., 2017). As a result, the character analysis of
otoliths of these two groups is more advanced than in
Sparidae and aids the recognition of species. Compa-
rable studies of otoliths are lacking in the case of the
Sparidae, and it is, therefore, possible that the species
identification is not as accurate as in the Myctophidae
and Gobiidae and could in fact be too conservative.

Comparison with Mediterranean assemblages

from the Pliocene: implications for fish remigration

from the Northeast Atlantic into the Mediterranean

after the Messinian Crisis

The terminal Miocene in the Mediterranean is well
known for the late Messinian Salinity Crisis (MSC) that
was caused by the closure of the Mediterranean Sea to
the northeastern Atlantic in the West during that time.
Both seas became fully reconnected again beginning with
the Pliocene. Since the first article on the MSC (“When
the Mediterranean dried up” by Hsii, 1972), a large body
of research has been published on the subject, and what
precisely happened—whether marine life was extin-
guished in the Mediterranean during the event, the water
budget, base level drop, and so on—is still very much
under discussion (e.g., Roveri et al., 2014, 2016; Ben-
Mosche et al., 2020; Gvirtzman et al., 2022; and literature
cited in these articles). Recently, Carnevale and Schwar-
zhans (2022) showed that stenohaline marine fishes
lived in the Mediterranean through the MSC, at least
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Chaba Kaudiat
el Mogen
Kef Nsour
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Estepona

Dar bel Hamri
Sidi Mohamed

ech Chleuh
Jebel Zebbouj 96 %

Fig. 29 Paleogeographic situation in northern Morocco and southern Spain during Messinian prior to the closure of the Mediterranean (a) and
the Zanclean after opening of the Strait of Gibraltar (b), after Martin et al. (2014) and Pérez-Asensio (2021). Otolith-bearing localities are indicated
by asterisks (Estepona from van Hinsbergh & Hoedemakers, 2022). Number of species at location in black printing; number of shared species on

correlation arrows

periodically, as evidenced by articulated fish skeletons
and otoliths, which is in contrast to a study by Andreetto
et al. (2021), who postulated that all marine fossils found
in sediments of the MSC interval resulted from rework-
ing of pre-MSC rocks. The reworking hypothesis can-
not be maintained for the explanation of the presence
of articulated skeletons of marine fishes in MSC rocks.
Another subject of continued dispute is the role of re-
flooding of the Mediterranean with the onset of the Early
Pliocene (Zanclean) (Bache et al.,, 2012; Garcia-Castella-
nos et al., 2009; Micallef et al., 2018; and literature cited
in these articles).

During the Pliocene, the Rharb Basin was a funnel-
shaped embayment that represented the relict of the
last connection of the Atlantic with the Mediterranean
(Fig. 29) (Achalhi et al., 2016; Capella et al., 2017; de
Weger et al., 2020a, 2020b, 2020c; Flecker et al., 2015;
Flinch, 1993; Martin et al., 2014; Pérez-Asensio, 2021).
The Rharb Basin is ideally situated to investigate the
composition of the fauna during the late stage of the
Atlantic—Mediterranean connection and the fauna dur-
ing the re-flooding when the Rharb Basin represented
the reservoir from which a proportion of the remigration
must have been recruited. Little is known so far about the
Late Miocene fish fauna of the Rharb Basin from the few
otoliths collected from outcrops at Kef Nsour and Chaba
Kaudiat el Mogen, which are all known in the Early Plio-
cene as well, except for Diaphus draconis. The Early Plio-
cene fish fauna from Dar bel Hamri and the other studied

locations is significant and allows for a correlation with
time-equivalent assemblages from the Mediterranean.
Indeed, there have been many studies about Pliocene
otolith associations in the Mediterranean realm (Fig. 30):
from Italy for example Dieni (1968), Weiler (1971),
Schwarzhans (1978a), Anfossi and Mosna (1979), Nolf
and Cappetta (1988), Girone (2006), Nolf and Girone
(2006); from Greece Agiadi et al., (2013, 2017, 2019a,
2019b); from southern France Schwarzhans (1986), Nolf
and Cappetta (1988); from southern Spain Nolf and Mar-
tinell (1980), Nolf et al. (1988), Mendiola and Martinez
(2003), van Hinsbergh and Hoedemakers (2022). These
many articles contrast with only two otolith associations
described from the adjacent Atlantic: one from the Pia-
cenzian of central Portugal described by Nolf and da Silva
(1997) and the other this study from Morocco. Many of
the Zanclean otolith assemblages described from the
Mediterranean realms originate from deep marine set-
tings with predominant meso- to bathypelagic and
bathydemersal fishes, while the Portuguese and Moroc-
can faunas are characterized by middle to lower shelf
fishes associated with a few upper slope elements. The
assemblage described from Estepona in southern Spain
by van Hinsbergh and Hoedemakers (2022) is the most
important for comparison, because it is rich (209 species,
107 thereof in the Zanclean), includes faunal elements
of the lower shelf similar to Morocco, and is located just
about 50 km to the east of the Strait of Gibraltar. The
nearest location studied in Morocco is Asilah, about
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Table 2 Ecology chart of extant species found as fossils in Dar bel Hamri. Ecology data from Froese and Pauly (2022); depth ranges

reflect “usual ranges” where given

Habitat Temperature Water depth

Heterenchelyidae

Panturichthys fowleri Demersal Subtropical 27-120m
Ophichthidae

Echlus myrus Demersal Subtropical 3-550m
Congridae

Gnathophis mystax Demersal Subtropical 75-800 m

Japonoconger africanus Demersal Tropical 250-650 m

Paraxenomystax bidentatus Demersal Tropical 494-604 m
Ariidae

Carlarius latiscutatus Demersal Tropical to 30-70 m

Myctophidae

Hygophum hygomi

Ceratoscopelus maderensis

Diaphus adenomus
Macrouridae

Trachyrinchus scabrus
Merlucciidae

Merluccius polli
Carapidae

Carapus acus

Echiodon dentatus
Brotulidae

Brotula multibarbata
Holocentridae

Sargocentron hastatum
Gobiidae

Deltentosteus quadrimaculatus
Soleidae

Dicologlossa hexophthalma

Microchirus variegatus

Synapturichthysi kleinii

Vanstraelenia chirophthalma
Carangidae

Trachurus mediterraneus
Haemulidae

Pomadasys incisus
Cepolidae

Cepola macrophthalma
Triglidae

Peristedion cataphractum
Trachinidae

Trachinus armatus
Uranoscopidae

Uranoscopus scaber
Sparidae

Boops boops

Diplodus bellottii

Oblada melanura

Oceanic-mesopelagic
Mesopelagic, high oceanic
Mesopelagic, pseudoceanic
Demersal

Demersal

Demersal
Demersal

Benthopelagic
Neritic, reef-associated
Demersal
Demersal
Demersal
Demersal
Demersal
Pelagic
Demersal
Demersal
Demersal
Demersal
Demersal
Pelagic

Benthopelagic
Benthopelagic

Temperate-tropical
Temperate-subtropical
Subtropical-tropical
Temperate-tropical

Subtropical-tropical

Subtropical
Subtropical

Tropical
Subtropical-tropical
Subtropical
Subtropical-tropical
Temperate-subtropical
Subtropical / antitropical
Tropical

Subtropical
Subtropical-tropical
Temperate-subtropical
Subtropical-tropical
Tropical

Subtropical
Temperate-tropical

Subtropical
Subtropical-tropical

600-800 m (day)
460-1082 m (day)
500-686 m (day)
395-1700m

50-1000 m

1-150m
120-3250 m

100-650 m (adult)
50-100 m
10-90 m
shallow water
20-40m
20-460 m
8-100 m
5-250m
10-100 m
15-400 m
50-600 m
15-150 m
15-400 m
0-100 m

30-50m
0-30m
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Table 2 (continued)
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Habitat Temperature Water depth
Pagellus acarne Benthopelagic Subtropical 40-100 m
Pagellus bellottii Demersal Subtropical-tropical 10-50 m
Pagellus bogaraveo Benthopelagic Temperate-subtropical 150-300 m
Pagellus erythrinus Benthopelagic Temperate-subtropical 20-100 m
Pagrus pagrus Benthopelagic Temperate-subtropical 10-80m
Spicara alta Benthopelagic Tropical 100-300 m
Spicara smaris Benthopelagic Subtropical 15-328 m
Dentex canariensis Demersal Tropical to 150 m
Dentex dentex Benthopelagic Subtropical 15-50 m
Opsodentex angolensis Demersal Tropical 15-300 m
Sciaenidae
Atractoscion macrolepis Benthopelagic Subtropical-tropical 100-200 m
Pseudotolithus typus Demersal Tropical 0-60 m
Pteroscion peli Benthopelagic Tropical 0-50m
Umbrina canariensis Demersal Subtropical-tropical 50-200 m

Demersal 58.1%
Benthopelagic 30.2%
Pelagic 4.7%
Mesopelagic 7.0%

Percentages

to 50 m 18.6%
to 100 m 55.8%
from 100 m 25.6%

Temper.-subtrop. 20.9%
Subtropical 30.2%
Subtrop.-tropical 23.2%
Tropical 25.6%

50 km to the west of the Strait of Gibraltar and about
130 km from Estepona. Dar bel Hamri is 190 km south of
the Strait of Gibraltar and about 260 km from Estepona.
However, Dar bel Hamri is much closer to Estepona than
the other nearest Mediterranean locations (450 km to
Guardamar, described by Mendiola & Martinez, 2003,
and 850 km to Papiol near Barcelona, described by Nolf
et al., 1998).

Fifty of the 82 identified species in the Early Pliocene
of the Rharb Basin have also been recorded from time-
equivalent strata of the Mediterranean (Table 1; 61%),
thereof 39 species in the Zanclean and/or Piacenzian of
Estepona (Fig. 29). This ratio is consistent with the simi-
larity coefficient calculated by Ben Moussa (1994) for
Pliocene bivalves of Morocco in comparison with Medi-
terranean localities. Nevertheless, the fish fauna shows
a lower correlation than one might expect over such a
small distance and under the consideration of the recruit-
ment of the Mediterranean fauna from the adjacent
Northeast Atlantic during the Early Pliocene re-flooding
event. It appears that not all species of the Northeast
Atlantic were actually able to migrate into the Mediter-
ranean, and furthermore there could be environmental
differences at play in the locations that could mask fau-
nal exchange. However, it is worth elucidating those 32
species that have not been found in the Mediterranean.
Thirteen of those represent extant species, of which
today 5 occur in the Atlantic off Morocco, 7 primarily
south of the Mauritanian upwelling zone in the tropical
East Atlantic and 1 in the tropical West Atlantic. Another

19 species, including all of the new species, could be con-
sidered potentially endemic to the area (a “Maghrebian
bioprovince’, see below). Pterothrissus darbelhamriensis
of those potentially endemic species may in fact repre-
sent an allopatric vicariant species of the Mediterranean
P. compactus at the time. Pterothrissus darbelhamriensis
was already considered by Schwarzhans (1981) as vicari-
ant to P. compactus from the Mediterranean (known from
the Tortonian [Fig. 9 h, j] until Zanclean [Fig. 9f-g, i]). It
has now also been identified from the Piacenzian of Este-
pona (van Hinsbergh & Hoedemakers, 2022), but this is
not considered contradictory to the interpretation, since
it could represent a late immigrant from the Northeast
Atlantic into the adjacent region of the Mediterranean.
The recognition of a vicariant species in the Northeast
Atlantic and the Mediterranean in the Zanclean (and ide-
ally since the Late Miocene) supports the hypothesis of
in situ survival of marine fish taxa in the Mediterranean,
but it is so far restricted to a single conclusive case. The
more important outcome of the correlation of Northeast
Atlantic and Mediterranean fishes of the Early Pliocene
times is that a substantial number of Atlantic fish taxa
apparently did not migrate into the Mediterranean dur-
ing the re-flooding. This non-migratory effect could be
caused by a warmer climate in the Rharb Basin than at
the Strait of Gibraltar, as can be inferred from the pres-
ence of some southern elements then present in Morocco
and putative endemic species. They are primarily the spe-
cies with tropical East Atlantic affinities that have not
been found in the Mediterranean.
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250 km

Zanclean and Piacenzian otolith localities
Localities - authors, year --------—---------- number of species

1 Dar bel Hamri - this study

2 Asilah - this study

3 Bretagne - Lanckneus & NoIf, 1979 --------mmmmmmmmmmemeem e

4 Vale de Freixo - Nolf & Marques da Silva, 1997 ---

5 Estepona - van Hinsbergh & Hoedemakers, 2022 -

6 Guardamar - Mendiola & Martinez, 2003 -----------mmnmmmmmmmmnan 13
7 Papiol - Nolf et al., 1998 53
8 Ciurana - Nolf & Martinell, 1980 45
9 Le Puget - Schwarzhans, 1986 / Nolf & Cappetta, 1988 ---- 118
10 Alba - Nolf & Girone, 2006 145
11 Rio Merli - Girone, 2006 39
12 Orciano + Cetona - Schwarzhans, 1978 ----------mmnmmmmememmem 24
13 Orosei - Dieni, 1968 15
14 Agrigento - Weiler, 1971 / Schwarzhans, 1978 ----------------- 30
15 Agia Triada - Agiadi et al., 2019 54
16 Voutes - Agiadi et al., 2013 31

Fig. 30 Early Pliocene paleogeography of the Mediterranean and adjacent northeastern Atlantic. Paleogeographic configuration based on Popov
et al, (2004; middle Pliocene map) and Pérez-Asensio (2021). Zanclean locations with otoliths marked by white numbers with red frame, Piacenzian
locations with otoliths marked by black numbers with orange frame. Number of species and authors annotated

Comparison with extant fish faunas and its implications
The otolith association of the Early Pliocene of Dar bel
Hamri and nearby locations contains 43 species that still
exist today. The majority of them are distributed over the
subtropical to temperature zones (74.4%), 30.2% thereof
exclusively in the subtropical zone (Table 2). The distri-
bution of only 20.9% of the species range into the tem-
perate zone, and 25.6% are exclusively tropical (Table 2).
Thirty-two species (74.4%) of the extant fishes occurring
as fossils in Dar bel Hamri live today in the same gen-
eral area (i.e., in the Northeast Atlantic off the coasts of
Morocco) (Table 3); and 9 species (20.9%) live today in
the tropical East Atlantic, chiefly south of Mauretania.
Clearly, the high content of persistent species indicates
a high degree of continuity in the faunal composition of
species occurring today and during the Early Pliocene in
the region, but tropical West African species, which do
not live off Morocco anymore or occur rarely as stray
specimens, also contributed a significant component.
Their presence indicates that the water temperatures
in the sea off northwestern Morocco were significantly
warmer in the Early Pliocene than they are today. Similar

conclusions were drawn by Avila et al. (2016) on the
basis of molluscs found in Late Miocene and Early Plio-
cene sediments on the Azores and many previous stud-
ies of molluscs cited therein. If the sea off northwestern
Africa was warmer in the Early Pliocene than it is today,
this must have had consequences for the paleo-currents
in the region. Today’s faunal provinces along the north-
western coast of Africa are driven by the cool Canary
Current, the permanent coastal upwelling between Cape
Yubi and Cape Blanc, and further offshore by the position
of the Intertropical Convergence Zone (Matsuzaki et al.,
2011; Michel et al., 2011). The change from a tropical sea
off Morocco to the current subtropical situation domi-
nated by the cool Canary Current and separation from
the tropical West African sea by the coastal upwelling
system probably occurred during the Late Pliocene. Stud-
ies of the mollusc faunas from the Mediterranean, the
Azores and the Canary Islands have revealed the disap-
pearance of tropical taxa between 4.2 and 3.0 Ma (i.e.,
latest during the mid-Piacenzian cooling event) (Avila
et al,, 2016, and literature cited therein). Even though
indications for upwelling along the Northwestern African
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coast appear to have been present since the Early to Mid-
dle Miocene (Diester-Haas & Schrader, 1979), one has to
assume that during the Late Miocene and Early Pliocene
its intensity was insufficient to keep (some) tropical West
African fishes from living in the Rharb Basin. However,
some degree of separation still must have been effective,
since most Early Pliocene fishes exhibit a clear subtropi-
cal Northeast Atlanto-Mediterranean relationship. In
respect to the total of 74 biogeographically interpretable
species (excluding fossil mesopelagic and bathydemersal
fishes of uncertain biogeographic affinities), 42 species
corresponding to 56.8% are identical or related to extant
species in the same area (Table 3). Twenty-three species
(31.1%) are identical or related to tropical East Atlantic
species (Table 3). Nineteen species (25.6% of above 74
species) are putative endemics during the Early Plio-
cene of Dar bel Hamri; they are mostly related to extant
Mediterranean, tropical East Atlantic and South African
species (Table 3). Of about 600 marine bony fish species
recorded from Morocco, the Canary Islands, Madeira
and the Azores today, only about 30 (5%) represent
northward extensions of species with primarily tropical
East Atlantic distribution patterns (calculated from Fro-
ese & Pauly, 2022). The relationships of the 31 extinct
otolith-based fish species at Dar bel Hamri (of the 74
biogeographically interpretable species) on a stand-alone
basis are naturally less certain. The largest group among
them is 19 species (25.6%) that have not been recorded
from Mediterranean localities and hence are considered
of potentially endemic nature (Table 3).

When investigating the probable provenances of the
more exotic species (Table 3; Fig. 31), some more remote
relationships are notable. Paratrisopterus glaber shows
the closest relationship with northern Atlantic/North Sea
Basin taxa. Three species (4.1%) exhibit affinities to the
tropical West Atlantic (Paraxenomystax cf. bidentatus,
Myripristis ouarredi and Verilus mutinensis), three (4.1%)
to South Africa (Centroberyx vonderhochti, Uranoscopus
hoedemakersi and Afroscion trewavasae), and two (2.6%),
namely Brotula aff. multibarbata and Laeops rharbensis,
to the Indo-West Pacific (Table 3). A somewhat special
case is that of the genus Rhynchoconger which has had
a long history in Europe since Eocene times. Its latest
representatives are R. carmnevalei in the Early Pliocene
of the Mediterranean and R. pantanellii in the Pliocene
of the Mediterranean and Northeast Atlantic. The near-
est occurrence of the genus today is in the central West
Atlantic, but otoliths found in Holocene dredge samples
in the Gulf of Guinea (Schwarzhans, 2013a) indicate that
the disappearance of the genus from the East Atlantic
is either very recent or false. The occurrence of another
species with a West Atlantic relationship, Verilus mutin-
ensis, is of a different nature, as it probably represents a
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vicariant East Atlantic/Mediterranean species ranging
from the Late Miocene Tortonian (Bassoli, 1906) to the
middle Pleistocene Calabrian (Agiadi et al., 2018) before
the lineage became extinct in the East Atlantic. As for
the Indo-West Pacific affinity, Brotula aff. multibarbata
could possibly represent a fossil species (subject to fur-
ther material becoming available) and in any case repre-
sents a clade not present anymore in the Atlantic (Froese
& Pauly, 2022).

The South African link is particularly interesting and
perhaps unexpected, as it also contains the most com-
mon otolith-based species (Afroscion trewavasae) of the
entire assemblage. The extant A. thorpei is geographi-
cally restricted to a rather small area in southeast Africa
(Sasaki in Heemstra et al. 2022). The occurrence of A.
trewavasae in Morocco and Portugal clearly represented
a vicariant species, and the distribution of Afroscion in
southeast Africa must thus be considered a relict occur-
rence. This coincides with South Africa representing a
classical region for (secondary) endemism (http://Intre
asures.com/rsa.html). The same explanation may hold
for Uranoscopus hoedemakersi, which is thought to rep-
resent a vicariant species to the extant U. archionema
off southeastern Africa. Centroberyx is a slightly differ-
ent case as it is today known from seven species with a
disjunctive distribution pattern, richest in Australia and
New Zealand with an outlier species each in Japan, Tai-
wan, and South Africa (Froese & Pauly, 2022). Centrob-
eryx is a genus with a long history reaching back into
Cretaceous times and is well known from European
basins until the Eocene, after which it becomes rather
sparse (e.g., Schwarzhans & Jagt, 2021). Its current dis-
tribution is clearly a relict of a formerly much wider pat-
tern. In Europe, the last record so far was C. manens Nolf
& Brzobohaty, 2004, from the Middle Miocene. The large
specimens of Centroberyx vonderhochti in the Pliocene
of the Rharb Basin represent a different lineage from C.
manens, that is probably related to the extant C. spinosus
(Gilchrist, 1903) from South Africa (see Schwarzhans &
Jagt, 2021).

Was there a “Maghrebian bioprovince” during the Early
Pliocene?

Today’s fish fauna in the seas around Morocco and the
Macaronesian archipelago (Canary Islands, Madeira,
Azores) includes about 600 species, of which about 30
species (5%) can be considered endemic and another 5%
as primarily tropical West African fishes that also occur
rarely to the north of the Mauritanian upwelling system
(calculated from Froese & Pauly, 2022). This bioprovince
has been named the subtropical Mediterranean—Moroc-
can Province by Avila et al. (2016). Most of the 560 or so
non-endemic indigenous fishes have distribution ranges
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Table 3 Biogeographic relationships of extant and interpretable fossil species for. Asterisk indicates that non-interpretable species
(extinct myctophid and macrourid species) are excluded from the calculations because of their uncertain biogeographic affinities

extant

Persistent Extinct Nearest extant relationship

Northeast- Mediterranean+/ Tropical Tropical

Atlantic adjacent Atlantic  East Atlantic West Atlantic

South Africa

Potentially
endemic

Pterothrissidae

Pterothrissus dar-
belhamriensis

Heterenchelyidae

Panturichthys cf.
fowleri

Ophichtidae
Echelus myrus
Nettastomatidae
Saurenchelys silex
Congridae
Gnathophis mystax

Japonoconger
africanus

Paraxenomystax cf.
bidentatus

Rhynchoconger
pantanellii

Ariidae
Carlarius cf. latis-
cutatus
Myctophidae

Hygophum cf.
hygomi

Ceratoscopelus
maderensis

Diaphus adenomus
Macrouridae

Trachyrincus
scabrus

Merlucciidae
Merluccius polli
Gadidae

Paratrisopterus
glaber

Carapidae
Carapus acus
Echiodon dentatus

Echiodon praeim-
berbis

Brotulidae

Brotula aff. multi-
barbata

Ophidiidae
Ophidion tuseti
Berycidae

Centroberyx von-
derhochti

Holocentridae

24

80

118

72

79

244

72

80

118

24
79

244

80

244
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Persistent Extinct Nearest extant relationship

extant

Potentially

Northeast- Mediterranean+/ Tropical Tropical

Atlantic adjacent Atlantic

East Atlantic West Atlantic

endemic
Indo-

West
Pacific

Myripristis ouarredi

Sargocentron 1
hastatum

Gobiidae

Lesueurigobius
stazzanensis

Buenia pulvinus

Deltentosteus
planus

Deltentosteus 48
quadrimaculatus

Citharidae
Citharus balearicus
Bothidae
Arnoglossus kokeni

Arnoglossus quad-
ratus

Laeops rharbensis
Soleidae

Dicologlossa 1
hexophthalma

Microchirus var- 3

iegatus

Quenselia cornuta

Synapturichthysi 1

kleinii

Vanstraelenia 1

chirophthalma
Cynoglossidae

Cynoglossus
obliqueventralis

Carangidae
Caranx rharbensis
Trachurus insectus

Trachurus mediter- 32
raneus

Acropomatidae
Verilus mutinensis
Haemulidae

Parapristipoma
bethensis

Pomadasys incisus 518

Pomadasys zem-
mouriensis

Cepolidae
Cepola lombartei

Cepola macroph- 27
thalma

Triglidae

57

26

22

25

35

22

22

57

26

48

22

31
25

35

12
32

518

27

13

22

22

26

35

22

22
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Persistent Extinct Nearest extant relationship Potentially
extant endemic
Northeast- Mediterranean+/ Tropical Tropical South Africa Indo-
Atlantic adjacent Atlantic  East Atlantic West Atlantic West
Pacific

Peristedion cata- 2 2

phractum
Trachinidae

Trachinus armatus 3 3

Trachinus maroc- 15 15 15

canus

Trachinus wernlii 58 58 58
Uranoscopidae

Uranoscopus 2 2

ciabatta

Uranoscopus 4 4 4

hoedemakersi

Uranoscopus scaber 20 20

Uranoscopus 5 5 5

vanhinsberghi
Sparidae

Boops boops 3 3

Diplodus bellottii 20 20

Oblada melanura 7 7

Pagellus acarne 7 7

Pagellus bellottii 13 13

Pagellus bogaraveo 26 26

Pagellus erythrinus 41 41

Pagrus pagrus 39 39

Spicara alta 24 24

Spicara smaris 2 2

Spondyliosoma 5 5 5

tingitana

Dentex canariensis 12 12

Dentex dentex 19 19

Opsodentex ango- 14 14

lensis

Opsodentex 30 30 30

mordax
Sciaenidae

Afroscion 1564 1564 1564

trewavasae

Afroscion cf. mac- 1 1

rolepis

Pseudotolithus cf. 1 1

typus

Pteroscion peli 15 15

Umbrina canar- 43 43

iensis
Total species* 43 31 1 42 23 3 3 2 19
Percentage of spe- 58.1 419 13 56.8 31.1 4.1 4.1 26 256
cies*
Total specimens* 1003 2693 72 1153 764 116 1579 12 2086
Percentage of speci- 271 729 1.9 31.2 20.7 3.1 428 0.3 56.5

mens*
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Aliresalien
Canlirelbern:
Wranescoplstachionemal

Fig. 31 Biogeographic correlation map showing nearest relationships of Early Pliocene otolith-based taxa from Dar bel Hamri. Red arrows and
annotations indicate correlations to extant species also known as fossils from the Rharb Basin and relationships of extinct taxa from the Rharb Basin.

Map from Blakey, 2020

northward to the Bay of Biscay or the British Isles, into
the Mediterranean, and/or southward to various extents.
The situation was quite different in the Early Pliocene
(and Late Miocene), when the Moroccan coast was under
warmer climatic conditions and the Transition Zone was
located further north. Based on analysis of the molluscan
fauna, Avila et al. (2016) postulated a Pliocene Mediter-
ranean—West African Province that stretched from the
Azores to the southern tip of Portugal and incorporated
the entire Mediterranean and the Gulf of Guinea. The fish
fauna from the Rharb Basin, however, indicates that some
degree of differentiation existed in this large area at least
toward the Mediterranean, and is also inferred toward
tropical West Africa (Fig. 32). The Early Pliocene otolith-
based fish fauna of the Mediterranean is exceptionally
well known and includes more than 200 identified taxa.
The recent monograph of the otolith assemblage from
Estepona in southwest Spain not far from the Strait of
Gibraltar is particularly important for correlation. Only
half (52%) of the otolith taxa identified in the Rharb Basin
were also identified from the Pliocene in the Mediterra-
nean. Nineteen species in the Rharb Basin are potential
endemics, which is much higher than endemic species in
the region today (25.6% vs. 5%), even taking into account
uncertainties in the fossil data coverage. There is no com-
parable Early Pliocene otolith assemblage known from
the Gulf of Guinea realms, the nearest being from the
Middle Miocene of Gabon (Schwarzhans, 2013c). How-
ever, it can be stated that the tropical West African influ-
ence in the Early Pliocene fish fauna of the Rharb Basin

is significant at about 31.1% (species also occurring
today and those related to extant West African species).
This compares to about 5% of species off Morocco today
shared with tropical West Africa.

Thus, the assessment of the otolith-based fish fauna in
the Rharb Basin does not justify combining it with the
Early Pliocene Mediterranean nor with tropical West
African fauna, the latter deduced from the extant fau-
nal composition. I therefore postulate the presence of
an Atlantic Moroccan bioprovince during the Early Plio-
cene, and potentially Late Miocene, which I propose to
name the “Maghrebian bioprovince”

Conclusions and outlook

The otolith assemblage from the Early Pliocene of the
Rharb Basin is the first Northwest African otolith-based
fish fauna described, but a few elements have been
described previously (Schwarzhans, 1981, 1993, 1999).
It is a rich fauna, with 96 species recognized, 82 thereof
identifiable to species level, including 16 new species. The
geology and stratigraphy of the sampled area are outlined
and discussed in the light of recent geological research in
the region.

1. The main sampled section on the river Beth section
about 1.5 km south of Dar bel Hamri is interpreted to
be of Early Pliocene (Zanclean) age based on plank-
tonic foraminifer assessment, which is in agreement
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Fig. 32 Conceptual map of marine fish bioprovinces during the Early Pliocene. From west to east: transitional tropical Maghrebian bioprovince;
subtropical Mediterranean bioprovince; temperate northeastern Atlantic bioprovince; Paratethyan bioprovince. Paleogeographic configuration
based on Popov et al. (2004); delimitation of bioprovinces altered from Avila et al. (2016)

with Lecointre and Roger (1943) and in partial agree- The Rharb Basin also offers opportunities to sample

ment with Wernli (1988). Late Miocene otolith assemblages, which are important
2. The diversification of the fish fauna is exceptionally  in the evaluation of the interaction with well-known Late

high and dominated by otoliths from adult speci- Miocene fish faunas from the Mediterranean. It is hoped

mens, which probably indicates a high food supply at  hat such samples will eventually be made and worked up

moderate depth on a middle to lower shelf position  for otoliths. Further prospects for older fish faunas and

during the deposition of the coquina near Dar bel knowledge about West African fossil otolith assemblages

Hamri. further to the south will depend on offshore drilling sam-
3. The otolith-based fish fauna from the Early Plio- ples becoming available, since Cenozoic onshore out-

cene of the Rharb Basin shows a good resemblance  crops are scarce.

not only to the coeval fauna of the Mediterranean,

but also exhibits a notable proportion of putative .

. . . , . Abbreviations
endemic species and species related to today’s tropi- Otolith length

cal West African fauna. OH Otolith height

4. The faunal composition thus exhibits a unique " Otolith thickness
h hat i fhciently diff tf I Sul Sulcus length
character that is sufficiently different from known ¢ Sulcus height
or deduced neighboring bioprovinces, and thus a  Ost Ostium length
“Maghrebian bioprovince” is proposed for the Early ~ 9sH Ostium height
CaL Cauda length

Pliocene NW African region.
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TL Total length of fish
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