\\WN
N\

'\ Nauplius

\\‘ . The Journal of The Brazilian

|\ Crustacean Society

| l e-ISSN 2358-2936

www.scielo.br/nau
www.crustacea.org.br

7 -~
z
o
- L
1 / .\‘[ “‘ \
. NN
| ‘K) \ f\\
\ AN
BRI
A [ |
A\ Edlitor-in-chief

Christopher Tudge

Assaciate Editor, |
\Lourﬂeé E'Imoor\Lgurelro

\ \ ‘
\ Correspondir*!g Author
| D. Christopher Rogers
| \Branchiopod@gmail.com

Submitted 02 May 2025
! Accepted 28 July 2025
Published 09 March 2026

DOI 10.1590/2358-2936e20260592
I@Dhsr |

All content of the journal, except where
identified, is licensed under a Creative
Commons attribution-type BY.

Nauplius, 34: 20260592

Short Communication

Comments on a putative Artemia salina
(Linnaeus, 17 585) (Branchiopoda:
Anostraca) fossil from Cyprus

Alireza Asem’
D. Christopher Rogers?*

1 College of Fisheries and Life Science, Hainan Tropical Ocean University. Sanya
572000, China.
AA: asem.alireza@gmail.com.

2 Grand River Dam Authority, Northeastern State University. 611 N, Grand Ave.
Tahlequah, OK 74464, United States.
DCR: Branchiopod@gmail.com

ZOOBANK: http://zoobank.org/urn:lsid:zoobank.org:pub:732CB889-D0B1-4987-
8E41-EC01736B5BB9

ABSTRACT

We present an overview on the identification of a reported fossil from
Cyprus which had been classified as Artemia salina. There is no taxonomic
evidence to support the determination that the material is an anostracan,
let alone a species of Artemia. The report reviewed here may be right about
the identity of the fossil, but the published evidence does not support such
aspecificidentification. Overly specific determinations like this can be cited
in other studies (molecular clock analyses or biogeography for example)
and cause cascading errors.
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Manzi etal. (2016) presented a photomicrograph
of a fossil in Messinian evaporites (Figure 10b;
p. 209), which they identified as the anostracan
crustacean Artemia salina (Linnaeus, 1758): “In the
Psematismenos quarry well-preserved fossils of the
hypersaline crustacean Artemia salina”. We question
this determination.

Anostraca (fairy and brine shrimp) is an order of
the Branchiopoda. This order includes two suborders,
ten families, 42 genera and more than 350 valid extant
species (Rogers, 2013,2024). Anostraca is defined by
the following synapomorphies: 1) antennal composed
of one article, 2) adult antenna II and thoracopods
uniramous, 3) compound eyes stalked, 4) naupliar
eye with three pigmented cups, 5) trunk limbs with
six endites, 6) telson without a pair of dorsal setae, 7)
carapace absent, 8) presence of a ventral brood pouch,
and 9) telson appendages aslamellar cercopods (Rogers,
2024). Most anostracans have 11 pairs of thoracopods,
although some Parartemia females have ten, while all
members of Polyartemiella have 17 thoracopod pairs,
and Polyartemia has 19 (Rogers, 2024).

All Artemia (Artemiidae) are halophiles, however;
all (but one) species of Parartemia (Parartemiidae)
(Timms, 2012,2014,2015; Rogers, 2024), Phallocryptus
(Thamnocephalidae) (Mura, 1987, 1993; Mura
and Hadjistephanou, 1987; Thiéry and Puff, 1998;
Abatzopoulos et al., 1999; Moscatello et al., 2002;
Thiéry and Puente, 2002; Rogers, 2003; Ketmaier
et al., 2008; Ben Naceur et al., 2009; Mura et al.,
2011; Amarouayache, et al., 2012; Amarouayache,
2014; Marrone et al., 2016; Karagianniet al., 2018;
Brendonck, etal., 2022; Rais etal., 2024), Branchinectella
(Chirocephalidae) (McKenzie, 1981; Albaigés et al,,
1984; Alonso, 1990; Alcorlo et al. 2001; Samraoui
et al,, 2006; Van Stappen et al., 2009; De los Rios-
Escalante and Amarouayache, 2016; Stoch et al., 2016;
Pons et al., 2018; Sainz-Escudero et al., 2019), as well
as some species of Branchinella (Thamnocephalidae)
(Timms, 2012) are also typical halophilic anostracans
well known from saline and hypersaline environments.
While Parartemia and Branchinella (sensu stricto) are
endemic to Australia (Timms, 2012, 2014, 2015;
Rogers, 2024), Phallocryptus sp. (Mura, 1987, 1993;
Thiéry and Puff, 1998; Abatzopoulos et al., 1999; Mura
etal. 1999, 2011; Moscatello et al., 2002; Thiéry and
Puente, 2002; Ben Naceur et al., 2009; Amarouayache
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et al, 2012; Amarouayache, 2014; Van den Broeck et
al.,201S; Marrone et al., 2021; Marrone, 2023; Chergui
et al., 2024; Rais et al., 2024) and Branchinectella
media (Schmankewitsch, 1873) (Albaigés et al., 1984;
Alonso, 1990; Alcorlo et al., 2001; Samraoui et al.,
2006; Van Stappen et al., 2009; De los Rios-Escalante
and Amarouayache, 2016; Stoch et al., 2016; Pons et
al,, 2018;) are distributed in Eurasia, including the
Mediterranean region, asis A. salina and various Artemia
parthenogenetic lineages with different ploidy levels
(di-, tri-, tetra- and pentaploid) (Asem et al.,, 2024).

Phallocryptus sp. (P. spinosa (Milne-Edwards,
1840)) and one undescribed species in Ketmaier et
al. (2008,2013) and Artemia (A. salinaand/or Artemia
parthenogenetic lineages) are well known to co-occur
in the Mediterraneanregion (and elsewhere), in places
such as Simbirizzi, Sale Porcus, Su Pallosu and Vecchia
Salina in Italy (Mura, 1987, 1993; Mura et al. 1999;
Moscatello et al., 2002), Salin du Caban in France
(Thiéry and Puff, 1998; Thiéry and Puente, 2002),
Paliourain Greece (Abatzopoulos etal., 1999), Chott
Ariana, Chott El Gharsa and Sabkhet El Adhibet in
Tunisia (Ben Naceur et al., 2009), Gékgeada and Tuz
Goluin Turkey (Muraetal., 2011), Sebkha Ez-Zemoul
and Sebkha Sidi Chami in Algeria (Amarouayache
et al., 2012; Amarouayache, 2014; De los Rios-
Escalante and Amarouayache, 2016) and Jbilets in
Morocco (Van den Broeck et al., 2015). Artemia
salina (Mufioz et al., 2008; Ghomari et al., 2011), B.
media, and Phallocryptus sp. (De los Rios-Escalante
and Amarouayache, 2016; Rais and Amarouayache,
2018; Rais et al., 2024) have also been reported from
Chott El Tarf (Algeria) in the Mediterranean region.
They also co-occur in southwest Siberia (Van Stappen
etal., 2009).

In Cyprus, Artemia has been reported from
Larnaka (= Larnaca/Megali Larnaka) Lake (Persoone
and Sorgeloos, 1980; Browne and MacDonald, 1982;
Mura and Hadjistephanou, 1987; Vanhaecke et al.,
1987; Triantaphyllidis et al., 1998; Van Stappen, 2002;
Karagianni et al., 2018), Akrotiri Lake (Persoone
and Sorgeloos, 1980; Mura and Hadjistephanou,
1987, based on collected samples by Hadjistephanou;
Vanhaecke et al., 1987; Triantaphyllidis et al., 1998;
Van Stappen, 2002; Karagianni et al,, 2018), Airport
Salt Lake, Soros Salt Lake, Orphani Salt Lake and Lake
Oroklini (Karagianni etal., 2018), and Phallocryptus
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sp. co-occurs with Artemia in Larnaka Lake (Mura
and Hadjistephanou, 1987), Akrotiri Lake (based
on collected samples by Hadjistephanou; see Mura
and Hadjistephanou, 1987), Airport Salt Lake, Soros
Salt Lake, and Orphani Salt Lake (Karagianni et al,,
2018). Although, Karagianni etal. (2018) reported all
Cypriot Artemia using the nomen “salina”, only the
taxonomic status of Artemia from Larnaka Lake has
been confirmed as A. salina (Vanhaecke et al., 1987;
Triantaphyllidis et al., 1998; Van Stappen, 2002; for
more information see below).

Morphology of the brood pouch, male second
antenna, gonopod, cercopods, number of thoracopods
as well as, resting egg morphology are the principal
taxonomic characters used in the diagnoses for the
Anostraca at all levels (Hill and Shepard, 1997;
Shepard and Hill, 2001; Rogers, 2002, 2013, 2024;
Timms, 2008,2012,2015,2014; Timms and Lindsay,
2011; Asem et al.,, 2023). Artemiidae and Artemia
are separated from other families and genera based
on male second antenna and cercopod morphology
(Rogers et al., 2019) and A. salina is diagnosed
from other Artemia by the lack of gonopodal spines
(Triantaphyllidis et al., 1997). Similarly, Phallocryptus
in the Thamnocephalidae and Branchinectella in
Chirocephalidae are identified by gonopod, cercopod,
brood pouch, and second antennal morphology
(Rogers, 2003; Rogers et al., 2019).

Manzi etal., (2016) present a photomicrograph of
fossilsin a gypsiltite interval. These fossils only include
the thorax of possible anostracans in dorsal view and
nothing more. The number of thoracopods cannot
clearlybe counted. There is no morphological evidence
to deduce that the fossil is a species of Artemia, let alone
“A. salina”. Previously, a lack of taxonomic attention
resulted in two specimens of P. spinosa collected
from Vecchia Salina (Italy) mistakenly identified
and stored as Artemia sp. in the Museum of Natural
History at the Station of Marine Biology of Porto
Cesareo (Italy) (see Mura et al,, 1999). Additionally,
Daday (1910) noted B. media mistakenly identified
as “Artemia salina” from Lac de la Sénia (Lake Senia)
and Sebket Oran in Algeria by Blanchard and Richard
(1890) (see also Blanchard, 1891). In the same vein,
several published records of putative anostracan
fossils have been later shown to be insect nymphs
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(e.g., Branchipusites Goldenberg, 1873 and Rochdalia
Woodward, 1913) by Tasch (1969). While the fossils
may very well belong to anostracans, based on the
image provided by Manzi et al. (2016), the possibility
that they represent insect larvae or nymphs cannot
be ruled out without additional evidence.

Given modern distributions, Artemia is not the only
possible determination. If the determination by Manzi
etal. (2016) is based solely on biogeography, we have
no information how far backinto the past that modern
anostracan biogeography can be used to inform
identifications. We think that this determination
by Manzi et al. (2016) is an example of the fallacy
of over specificity. Manzi et al. (2016) may be right
about the identity, but the published evidence does not
support such a specific identification. Thus, due to a
lack of requisite diagnostic morphological characters,
the fossils from Cyprus which Manzi et al. (2016)
classified as the common, halophilic A. salina, cannot
be convincingly determined as Artemia, let alone
as anostracans at this time. The danger inherent
in overly specific determinations is that the errors
can be cited in other studies and used to support
analytical assumptions (molecular clock analyses or
biogeography for example) and cause cascading errors.
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