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Abstract
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During field investigations in Morocco, two new alien species, Amaranthus spinosus
(Amaranthaceae) and Cardamine occulta (Brassicaceae), were discovered as new to the coun-
try. Additionally, C. occulta seems to be the first record for continental Africa. The distribution
and ecology of these species are discussed.
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Introduction

Habitats linked to human activities host a large number of nitrophilous and synan-
thropic species. They are the major centres for the introduction and expansion of non-
native species, these datasets provide a rich source of information on biological inva-
sion and habitat homogenization (Domina & al. 2019; Panitsa & al. 2020).

During a field trip in Morocco in autumn 2021, the authors collected Amaranthus
spinosus L. and Cardamine occulta Hornem.: two species that appear to be new plants
alien to the flora of the country. Complementary field investigations were then under-
taken in 2022, to better determine the actual distribution of these taxa.

Materials and methods

A field trip was made on the Atlantic coastline of Morocco from October 31 to
November 19, 2021, to collect autumnal species of this area. Fifty-nine stations were
inventoried from Tangier to Tan-Tan (ca. 1000 km). The collected plants are stored in
herbaria ECWP, MW and RAB. Complementary field investigations were performed
from January to July 2022 in the Rabat region, where Amaranthus spinosus and
Cardamine occulta had been discovered during the previous autumnal trip.
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Results and discussion

Over 500 herbarium vouchers were collected during this autumnal trip. Identification of
specimens revealed two new records of vascular plants for Morocco: 4. spinosus and C.
occulta.

Amaranthus spinosus L. (Fig.1)
(Amaranthaceae)
New localities:

Morocco (Fig. 2): Mehdia, Sidi Boughaba, 34.20760/-6.68136, 20 m a.s.l., roadside,
6.11.2021, M. Chambouleyron, J.-F. Léger & A. Sukhorukov s. n. (ECWP, MW); Temara,
33.90615/-6.98740, 10 m a.s.l., ornamental roadside plantations, 8.1.2022, J.-F. Léger s. n.
(ECWP); Kenitra, 34.24959/-6.61133, pavement, 13.2.2022, J.-F. Léger s. n. (ECWP); Sidi
Bouknadel, 34.10387/-6.73310, cultivation, 13.2.2022, J.-F. Léger s. n. (ECWP); Sidi Taibi,
34.14895/-6.71762, ornamental tree nursery, 13.2.2022, J.-F. Léger s. n. (ECWP, RAB113705);
Rabat, 34.01152/-6.85022, garden, 20.2.2022, J.-F. Léger s. n. (ECWP); Skhrirat, 33.85889/-
7.04947, wasteland, 27.2.2022, J.-F. Léger s. n. (ECWP); Rabat, 34.01890/-6.82586, 20 m
a.s.l., pavement, 19.7.2022, J.-F. Léger s. n. (ECWP); Mohammadia, 33.67762/-7.41388, 15 m
a.s.l., sewage run-off, 23.7.2022, J.-F. Léger s. n. (ECWP); Casablanca, 33.57655/-7.55093,
60 m a.s.l., nursery, 23.7.2022, J.-F. Léger s. n. (ECWP).

Fig. 1. Image of Amaranthus spinosus
(Mehdia, Sidi Boughaba, 6.11.2021, M.
| Chambouleyron).
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Amaranthus spinosus is easily recognizable due to its annual habit and the presence
of two spines on leaf nodes. It originates from the tropics of America (Sauer 1967) and
since recently is considered an invasive plant in many tropical countries of the world
(e.g. Waterhouse 1994; Singh & Dahiya 2002; Bojian & al. 2003; Sukhorukov & al.
2021). Some records from subtropical and temperate countries are also known (e.g.
Robbrecht & Jongepier 1986; Gonen & Urgur 2000; Mohamadzadeh & al. 2005;
Klaassen & Kwembeya 2013; lamonico 2015). In continental North Africa, 4. spinosus
was reported from Egypt (Tackholm & El Gazzar 1977) and recently from Tunisia
(Iamonico & El Mokni 2018).

The species is reported neither in Morocco in major floristic accounts (Ouyahya 1999;
Rutherford & Jury 2002; Dobignard & Chatelain 2011; Dobignard 2022; Fennane 2022;
African Plant Database 2022) nor in sources specializing in weeds (Observatoire du Sahara
et du Sahel 2020; EPPO Global Database 2022; Invasive Species Compendium 2022) and
at the Global Biodiversity Information Facility (2022). More locally, Atlantic plains of
northern Morocco are well inventoried since distant past because botanists’ team from the
Institut Scientifique Chérifien (now known as Institut Scientifique de Rabat) has been
located in Rabat since 1920, and many field studies have been conducted in the Rabat
region (s. /.) during one century (e.g. Boitel 1921; Perrin de Brichambaut 1951; Sauvage
1961; Bouhache & al. 1994; Bensellam & al. 1997; Dobignard 2009; Zidane & al. 2010;
Tanji & al. 2015; Khamar & al. 2021). Thus, the introduction of 4. spinosus into the region
seems to be recent. Our field observations are centred around Casablanca-Kenitra Region
corresponding to “Madmora/Zemmour/Zaér” (Man-3) and Chaouia/Doukkala (Mam-1)
geographical units (as delimited by Fennane & Ibn Tattou 2005). Just as in other African
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countries (Baker & Clarke 1909; Hutchinson & Danziel 1927; Maire 1962; Germishuizen
2003), A. spinosus grows at disturbed sites in Morocco (pavements, roadsides, wastelands,
cultivations, and gardens) where it is already abundant (where we found it: several indi-
viduals to over 1000 per locality). We consider it a locally naturalized plant in Morocco.
Additional research in nurseries, eutrophic cultivated fields or ruderal places in other
regions of Morocco will also probably lead to additional records of this species.

Cardamine occulta Hornem. (Fig. 3)
(Brassicaceae)
New localities:

Morocco (Fig. 4): Mehdia, Sidi Boughaba, 34.20781/-6.68234, 20 m a.s.l., Plants nurs-
ery, 6.11.2021, M. Chambouleyron, J.-F. Léger & A. Sukhorukov s. n. (ECWP, MW);
Kenitra, 34.28782/-6.52110, greenhouse, 13.2.2022, J.-F. Léger s. n. (ECWP); Rabat,
34.01314/-6.83082, flower pot, 20.2.2022, J.-F. Léger s. n. (ECWP); Sidi Taibi, 34.20574/-
6.67491, greenhouse, 26.2.2022, J.-F. Léger s. n. (ECWP, RAB113706).

This annual species from East Asia is still often confused with other species of
Cardamine L., especially C. hirsuta L. and C. flexuosa With., and some significant differ-
ences between these species have been summarized in several papers (e.g. Marhold & al.
2016; Dalavi & al. 2019; Hrusevar & al. 2021).

Fig. 3. Herbarium specimen of Cardamine
occulta (Mehdia, Sidi Boughaba, 6.11.2021, M.
Chambouleyron, J.-F. Léger & A. Sukhorukov
s. n. (ECWP).
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three are shown on the map because two locations are too close to each other.

Cardamine occulta was recently found in many European countries (e.g. Marhold & al.
2016; Verloove 2018; Dzhus 2019; Leostrin & Mayorov 2019; Pliszko 2020; Hrusevar &
al. 2021) as well as in Central and North Americas (Rollins 1993; POWO 2022; unpubl.
data by A. Sukhorukov as collected in Grenada, West Indies).

Our collections seem to be the first records of C. occulta in continental Africa and have
not been mentioned earlier in any accounts (e.g. African Plant Database 2022; Global
Biodiversity Information Facility 2022; Invasive Species Compendium 2022), but it was
recently found on the Canary Islands (Verloove & Reyes-Betancort 2011, sub C. flexuosa
auct. on With.). Nonetheless, due to its strong resemblance with C. flexuosa (present in
Morocco and Algeria) and with C. hirsuta (a common species in North-West Africa) and to
historical repeated confusion of these species with each other in Europe since time immemo-
rial, we assume that this taxon has been overlooked in North Africa. Our field observations
are centred around Rabat-Kenitra Region, corresponding to the “Maamora/Zemmour/Zaér”
(Man-3) geographical unit (as delimited by Fennane & Ibn Tattou 2005).

In the countries where C. occulta has been introduced, it has mostly been found in urban
and disturbed areas (e.g. flower pots, roadsides, and pavements) (Marhold & al. 2016;
pers. obs. by A. Sukhorukov in Moscow, Russia). In Morocco, we found it only in plant
nurseries and greenhouses, which is precisely the most common way to introduce this
species in many countries, according to Marhold & al. (2016); the same situation was also
noted in Grenada (West Indies) by one of us (A. Sukhorukov, pers. obs.). Although it is
regarded as an invasive species in Europe by Marhold & al. (2016), this status is not appro-
priate here in Morocco judging by our field observations, where found only several or up
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to a few hundred individuals in very artificialized habitats: inside nurseries and flower
pots. Its eventual expansion is worth studying.

Acknowledgements

We are grateful to His Highness Sheikh Mohamed bin Zayed Al Nahyan, President of the United Arab
Emirates and founder of the International Fund for Houbara Conservation (IFHC); His Highness Sheikh
Theyab bin Mohamed Al Nahyan, Chairman of the IFHC; and His Excellency Mohammed Ahmed Al
Bowardi, Deputy Chairman, for their support. This study was conducted under the guidance of Reneco
International Wildlife Consultants LLC, a consulting company that manages the [IFHC’s conservation pro-
grammes. We also thank Dr. Frédéric Lacroix, Managing Director of Reneco, for his supervision as well
as all the Reneco employees who participated in the data collection. This study of APS was supported by
the Tomsk State University Development Program (Priority-2030) and by scientific program of M.V.
Lomonosov Moscow State University (No. 121032500084-6). We also acknowledge Hayat Hachimi
(ECWP) for preparing the maps. The English language was corrected by shevchuk-editing.com.

References

African Plant Database 2022: African Plant Database (version 3.4.0). — https://www.ville-ge.ch/mus-
info/bd/cjb/africa [accessed 26/07/2022]

Baker, J. G. & Clarke, C. B. 1909: Amaranthaceae. — Pp. 14-75 in: Thiselton-Dyer, W. T. (ed), Flora
of Tropical Africa, 6(1). — London.

Bensellam, E. H., Bouhache, M. & Taleb, A. 1997: Etude des adventices des vergers d’agrumes dans
le Gharb (Maroc): aspects floristique, agronomique et écologique. — Weed Res. 37: 201-210.
https://doi.org/10.1046/j.1365-3180.1997.d01-34.x

Boitel, M. 1921: Liste des plantes recueillies autour de Rabat et de Salé (Maroc). — Bull. Soc. Sci.
Nat. Maroc 1: 41-50.

Bojian, B., Clemants, S. E. & Borsch, T. 2003: Amaranthus L. — Pp. 415-429 in: Wu, Z. Y., Raven
P. H. & Hong, D. Y. (eds), Flora of China, 5. — Beijing & St. Louis.

Bouhache, M., Boulet, C. & Chougrani, A. 1994: Aspects floristico-agronomiques des mauvaises
herbes de la région du Loukkos (Maroc). — Weed Research 34: 119-126.
https://doi.org/10.1111/j.1365-3180.1994.tb01979.x

Dalavi, J. V., Patil, V. S,, Patil, S. D., Bramhadande, S. P. & Yadav, S. R. 2019: Cardamine africana
and Cardamine occulta: two new records from the State of Maharashtra, India. — J. Bombay
Nat. Hist. Soc. 116: 15-16. https://doi.org/10.17087/jbnhs/2019/v116/117613

Dobignard, A. 2009: Contribution a la connaissance de la flore du Maroc et de I’Afrique du Nord.
Nouvelle série 2. La flore du Nord-Maroc. — J. Bot. 46-47: 3-136.

— 2022: Flora maroccana. — https://www.floramaroccana.fr/amaranthus-cle-especes.html [accessed
26/07/2022].

— & Chatelain, C. 2011: Index synonymique de la flore d’Afrique du nord. Dicotyledoneae:
Acanthaceae—Asteraceae, 2. — Genéve.

Domina, G., Di Gristina, E., Scafidi, F., Calvo, R., Venturella, G. & Gargano, M. L. 2019: The urban
vascular flora of Palermo (Sicily, Italy). — Pl. Biosyst. 154: 627-634.
https://doi.org/10.1080/11263504.2019.1651787

Dzhus, M. A. 2019: Cardamine occulta Hornem. — a new alien small flowered bittercress
(Cardamine L., Brassicaceae) of the Belarusian flora. — J. Belarusian State Univ., Biol. 2: 82-
88. https://doi.org/10.33581/2521-1722-2019-2-82-88



Flora Mediterranea 33 — 2023 37

EPPO 2022: EPPO Global Database. Secretariat of the European and Mediterranean Plant Protection
Organization, Paris. — https://gd.eppo.int [accessed 26/07/2022]

Fennane, M. 2022: Livre rouge de la flore vasculaire du Maroc. — Tr. Inst. Sc., Rabat., Sér. Bot, [spe-
cial issue].

— & Ibn Tattou, M. 2005: Flore vasculaire du Maroc, inventaire et chorologie, Pteridophyta,
Gymnospermae, Angiospermae p.p., 1. — Tr. Inst. Sc., Rabat., Sér. Bot., 37.

Germishuizen, G. & Meyer, N. L. 2003: Plants of southern Africa: an annotated checklist. — Strelitzia
14: 1-1232.

GBIF 2022: Global Biodiversity Information Facility. GBIF Secretariat, Copenhage. —
https://www.gbif.org [accessed 26/7/2022]

Gonen, O. & Urgur, F. N. 2000: A new record for the flora of Turkey. Amaranthus spinosus L.
(Amaranthaceae). — Turk. J. Bot. 24: 359-360.

HruSevar, D., Mesaros, J., Vladovi¢, D., Vucié, A., Belamari¢, 1., Sura¢ L. & Miti¢, B. 2021:
Cardamine occulta Hornem. — a new concealed alien plant in the flora of Croatia. — Nat. Croat.
30(1): 207-215. https://doi.org/10.20302/NC.2021.30.12

Hutchinson, J. L, & Dalziel, J. 1927: Flora of West Tropical Africa, 1. — London.

Iamonico, D. 2015:  Amaranthaceae  Juss. In: Euro+Med  Plantbase. -
http://ww2.bgbm.org/EuroPlusMed/PTaxonDetail.asp?NameCache=Amaranthus&PTRefFk=
7300000 [accessed 26/7/2022]

— & El Mokni, R. 2018: A new addition to the alien flora of Tunisia, Amaranthus spinosus L.
(Amaranthaceae s.l.), with notes on A. diacanthus Raf. — Acta Bot. Croat. 78(1): 91-94.
https://doi.org/10.2478/botcro-2018-0009

Invasive Species Compendium, 2022: Commonwealth Agricultural Bureaux International,
Wallingford. — https://www.cabi.org/ISC [accessed 26/7/2022]

Khamar, H., Benkhnigue, O. & Zidane, L. 2021: Euphorbia hirta (Euphorbiaceae), a new natural-
ized xenophyte in the vascular flora of Morocco. — Fl. Medit. 31: 199-206.
https://doi.org/10.7320/FIMedit31.199.

Klaassen, E. & Kwembeya, E. 2013: A checklist of Namibian indigenous and naturalised plants. —
Windhoek.

Leostrin, A. V. & Mayorov, S. R. 2019: Current state and distribution of alien weedy Cardamine
occulta Hornem. (Brassicaceae) in European Russia. — Russian J. Biol. Invas. 10: 236-245.
https://doi.org/10.1134/S207511171903007X

Maire, R. 1962: Flore de I’Afrique du Nord, 8. — Paris.

Marhold, K., Slenker, M., Kudoh, H. & Zozomova-Lihova, J. 2016: Cardamine occulta, the correct
species name for invasive Asian plants previously classified as C. flexuosa, and its occurrence
in Europe. — PhytoKeys 62: 57-72. https://doi.org/10.3897/phytokeys.62.7865.

Mohamadzadeh, Z., Sheidai, M. & Assadi, M. 2005: Amaranthus spinosus L. (Amaranthaceae), a
new record for the flora of Iran. — Iranian J. Bot. 11(1): 55-58.

Observatoire du Sahara et du Sahel, 2020: Espéces exotiques envahissantes (EEE) terrestres au
Maghreb arabe. Etat des lieux et perspectives pour une stratégie sous régionale (Algérie,
Libye, Mauritanie, Maroc et Tunisie). — Tunis.

Ouyahya, A. 1999: Amaranthus L. — Pp. 170-172 in: Fennane, M., Ibn Tattou, M., Mathez, J.,
Ouyahya A. & El Oualidi, J. (eds), Flore pratique du Maroc, 1. — Rabat.

Panitsa, M., Iliadou, E., Kokkoris, ., Kallimanis, A., Patelodimou, C., Strid, A., Raus, T., Bergmeier,
E. & Dimopoulos, P. 2020: Distribution patterns of ruderal plant diversity in Greece. — Biodiv.
Conserv. 29: 869-891. https://doi.org/10.1007/s10531-019-01915-4

Perrin de Brichambaut, G. 1951: Espéces nouvelles pour la plaine du Rharb. — C.R. Soc. Sci. Nat.
Maroc 17(8): 101-103.



38 Sukhorukov & al.: Two new species alien to the flora of Morocco: Amaranthus ...

Pliszko, A. 2020: First record of Asian Cardamine occulta Hornem. (Brassicaceae) in Poland. —
Biolnvas. Rec. 9(3): 655-659. https://doi.org/10. 3391/bir.2020.9.3.20.

POWO. 2022: Plants of the World Online. Facilitated by the Royal Botanic Gardens, Kew. —
http://www.plantsoftheworldonline.org [accessed 26/7/2022]

Robbrecht, E. & Jongepier, J.-W. 1986: Floristische waarnemingen in de kanaalzone Gent-Terneuzen
(Belgi€, Oost-Vlaanderen & Nederland, Zeeuws-Vlaanderen), vooral van 1981 tot 1985. —
Dumortiera 36: 6-21.

Rollins, R. C. 1993: The Cruciferae of Continental North America. — Stanford.

Rutherford, R. W. & Jury, S.L. 2002: Amaranthus L. — Pp. 122-124 in: Valdés, B., Rejdali, M.,
Achhal El Kadmiri, A., Jury, S. L. & Montserrat, J. M. (eds), Catalogue des plantes vasculaires
du nord du Maroc, incluant des clés d’identification, 1. — Madrid.

Sauer, J. D. 1967: The grain amaranths and their relatives: A revised taxonomic and geographic sur-
vey. — Ann. Missouri Bot. Gard. 54(2): 103-137.

Sauvage, C. 1961: Flore des subéraies marocaines (Catalogue des Cryptogames vasculaires et des
Phanérogames). — Trav. Inst. Sci. Rabat, Sér. Bot., 22.

Singh, A. B. & Dahiya, P. 2002: Antigenic and allergenic properties of Amaranthus spinosus, a com-
monly growing weed in India. — Ann. Agr. Env. Med. 9(2): 147-151.

Sukhorukov, A. P., Kushunina, M., Reinhardt, C. F., Bezuidenhout, H. & Vorster, B. J. 2021: First
records of Amaranthus palmeri, a new emerging weed in southern Africa with further notes on
other poorly known alien amaranths in the continent. — Biolnvas. Rec. 10(1): 1-9.
https://doi.org/10.3391/bir.2021.10.1.01.

Tackholm, V. & El Gazzar, A. 1977: Amaranthus spinosus L., a new record to the flora of Egypt. —
Publ. Cairo Univ. Herb. 7-8: 207-210.

Tanji, A., Benicha, M. & Mamdouh, M. 2015: Contribution a 1’étude des adventices associées aux
cultures dans les sols sableux du périmétre irrigué du Loukkos — cas du fraisier et de
I’arachide. — Rev. Marocaine Prot. P1. 7: 67-80.

Verloove, F. 2018: Cardamine occulta. Manual of the alien plants of Belgium. — http://alienplants
belgium.be/content/cardamine-occulta [accessed 26/7/2022]

— & Reyes-Betancort, J. A. 2011: Additions to the flora of Tenerife (Canary Islands, Spain). —
Collect. Bot. 30: 63-78. https://doi.org/10.3989/collectbot.2011.v30.007

Waterhouse, D. F. 1994: Biological control of weeds: Southeast Asian Prospects. — Canberra.

Zidane, L., Salhi, S., Fadli, M., El Antri, M., Taleb, A. & Douira, A. 2010: Etude des groupements
d’adventices dans le Maroc occidental. — Biotechnol. Agron. Soc. Env. 14(1): 153-166.

Addresses of the authors:

Alexander P. Sukhorukov! 2*, Jean-Francois Léger? & Mathieu Chambouleyron®,
'Moscow State University, Faculty of Biology, Department of Higher Plants,
Leninskie Gory 1/12, Moscow, Russia.

>Tomsk State University, Laboratory Herbarium (TK), Lenin Ave. 36, Tomsk,
634050, Russia.

3Reneco International Wildlife Consultants LLC, Sky Tower, Offices 3902 & 3903,
Al Reem Island, Abu Dhabi, United Arab Emirates.

“Emirates Center for Wildlife Propagation, Province de Boulemane, BP 47, 33250
Missour, Morocco.

*Corresponding author, E-mail: suchor@mail.ru



