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Abstract

This study updates the distribution and status of Arctotheca calendula (L.) Levyns
(Asteraceae, Cichorioideae) in continental North Africa (Algeria and Tunisia).
Field surveys carried out mainly in northeastern Algeria (from 2021 to 2024) and northern
Tunisia (from 2004 to 2023) by the first two authors, led to the identification of a total
of 13 new localities (5 in Algeria and 8 in Tunisia), some of which are located far
from the locations where the plant was previously reported by other authors. Our
results showed that A. calendula spreads in a westward direction in Algeria from
the first recorded occurrence (El Behaira pond). To the contrary, in Tunisia the
species spreads towards the north, east and west from the first recorded occurrence
(Sejnane). Currently, in both Algeria and Tunisia, the species colonizes exclusively
wetlands, but a possible future expansion into other habitats, notably coastal dunes
and beaches, cannot be ruled out. Additionally, the species is likely to spread into
western Algeria as it was recently detected just 7 km from the border between
Algeria and Morocco where it is widespread. To highlight this spread, a map of the
current distribution of 4. calendula within continental North Africa (mainly Algeria
and Tunisia) and field images are provided; the possible negative impacts of the
species are also discussed. As a result of this work, A. calendula can be defined as a
species with high invasive potential in continental North Africa. Its invasion in
Algerian and Tunisian wetlands requires the implementation of a management plan
to control its further spread within these threatened ecosystems. Hand-pulling is, in
our opinion, the best solution, but it needs to be implemented quickly before the
species’ range expands further, notably in Algeria.

Key words: alien species, Cichorioideae, invasion, meadows, Maghreb, management,
negative effect, spread, vector of introduction

Introduction

Improved monitoring of plant biodiversity in continental North Africa,
particularly in Algeria and Tunisia, has enabled researchers working in this
field to publish dozens of works over the last ten years, some of which deal
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with the discovery of new native species, while others focus on the establishment
of new introduced species (see e.g. El Mokni and Verloove 2021, 2022; El
Mokni 2023; Sakhraoui et al. 2023a, b, ¢; Sakhraoui 2023). Monitoring the
population dynamics of alien plants is particularly important, as it can
contribute to the early detection of invasions, and allowing implementing
appropriate control strategies. However, undertaking this type of work can
pose challenges, particularly in Algeria due to the country's size and the
difficulties encountered in the field.

Within that framework, this study was carried out, in which we present
new findings of a spreading alien species in North Africa (Algeria and Tunisia),
i.e. Arctotheca calendula (L.) Levyns.

Arctotheca calendula is native to South Africa (Cape Province to Lesotho and
KwaZulu-Natal) (POWO 2023), and has been accidentally (via contaminated
seeds) or intentionally (as an ornamental plant) introduced into several parts
of the world (CABI 2023) where it has become naturalized, notably California
(POWO 2023), New Zealand and Australia, where it is considered a common
weed of pastures and cultivated areas (Wood 1994; Weed of Australia 2023).
In the northern part of the Mediterranean basin, the species has been reported
as casual in Greece (Arianoutsou et al. 2010), naturalized in Spain (Aymerich
and Sdez 2019), mainland France, Sardinia and Malta (Euro+Med PlantBase
2023), potentially invasive in Corsica (EPPO Global Database 2023), and its
status has recently been changed from naturalized alien (Brundu et al. 2015;
Galasso et al. 2018) to invasive alien in mainland Italy (Stinca et al. 2021).

In the southern part of the Mediterranean region, the species has only been
reported as naturalized in Palestine and continental North Africa (POWO
2023). There, A. calendula has been recorded in Morocco, where it has been
reported naturalized along the Moroccan shores of the Mediterranean sea and
Atlantic ocean since 1987 (first records were made in the Kenitra region,
northwestern Morocco) (see Vogt 1996; Valdés et al. 2002); in Tunisia, where
few sporadic naturalized populations have been found in the Sejnane region
in northeastern Tunisia (Le Floc’h et al. 2010), and more recently in Algeria,
where a single locality has been recorded by Hamel et al. (2020) in El Tarf
region in northeastern Algeria.

In the last years, new localities of the species have been recorded in
continental North Africa (Algeria and Tunisia) following field surveys carried
out by the first two authors of this article in northeastern Algeria and northern
Tunisia. Here, we summarize new data about the distribution and status of
A. calendula, showing the rapid spread of this species in continental North
Africa. We also discuss the causes and consequences of this spread, and we
propose appropriate control measures based on the information gathered
and the situation of plant populations observed in the field.

Materials and methods

Arctotheca calendula was discovered during field surveys carried out in
northeastern Algeria, notably in the wilayas (= districts) of Skikda and Annaba,
between 2021 and 2024, and in northern Tunisia between 2004 and 2023.
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Figure 1. Prospected areas (pink) and distribution of Arctotheca calendula in Algeria and Tunisia
with observations recorded between 2004 and 2023 from different data sources (dots). The
numbers and different colors are according to data sources classification: red (numbers from 1
to 14 correspond to Table 1) = localities recorded in this study, green (numbers from 15 to 18) =
localities recorded on iNaturalist, with the locality of Saidia (small map, northeastern Morocco)
7 km from the Algerian-Moroccan border, blue (number 19) = locality recorded by other authors.

These surveys, conducted at least nine to ten times per season, so that each
site was visited at least twice a year, covered a variety of habitats, including
beaches, cliffs, wadi mouths, coastal dunes, lakes and temporary pools in
the Guerbes-Sanhadja and Taleza wetlands (Algeria), roadsides and wet
meadows in and around the Sejnane area, and in oak forest rangelands within
the Mogods and Kroumiria zones (northern Tunisia), to monitor the population
dynamics of previously recorded alien species (see e.g. El Mokni and Verloove
2021, 2022; EI Mokni 2023; Sakhraoui 2023; Sakhraoui et al. 2023a, b, ¢).

The surveys extended over a large area (Figure 1), with several kilometers
covered by car (200 km in Algeria, and around 500 km in Tunisia), but also
on foot in some accessible areas, including the coastal dunes and beaches
of Larbi Ben M'Hidi, Stora, Filfilla, Kef Fatima, Guerbes and El Rmila, the
mouths of oueds such as oued Saf-Saf, oued Righa and oued El Kebir, and
the lakes of Sidi M’hammed and Hadj Tahar, for Algeria, and the areas of
Teskraia (Sejnane), Nefza, Ain Sobh, Ras Rajel, the coastal dunes and the
mouths of certain rivers of the Guelta Safra area, Berkoukech, Sidi Bader
and the touristic area of Tabarka, forest paths, lands and roadsides in the
Majen Chitana, Khroufa, Jab-Allah, Sidi M’hammed, Habiba, Ain Draham,
Babouch, Fernana, Sloul and Elbhira areas, for Tunisia.

Rapid identification of the species was carried out in the field using the
Pl@ntNet identify application (https://identify.plantnet.org/fr) and then
confirmed by consulting a number of bibliographical sources, such as
McKenzie et al. (2011), Ghafoor and Bean (2015), Talavera and Talavera
(2015), Tirgan et al. (2022) and PlantNet New South Wales (https://plantnet.
rbgsyd.nsw.gov.au/cgi-bin/NSWIl.pl?page=nswil&lvl=sp&name=Arctotheca
~calendula). The description given in this article is based on specimens
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observed in the field. When a new locality was discovered, co-occurring
species and geographical coordinates were recorded. Further, seasonal
monitoring was used to determine species’ phenology and the degree of
naturalization that was assessed according to Pysek et al. (2004).

To determine the worldwide distribution of A. calendula, we consulted
several databases and checklists, including APD (2023), Euro+Med PlantBase
(2023) and POWO (2023). For gathering additional information on the
distribution of the species in Algeria and Tunisia, a bibliographical search
was first carried out on the iNaturalist platform (https://www.inaturalist.org/)
and the GdB herbarium (https://gdebelair.com/) devoted to the Algerian
flora, then extended to all the scientific literature reporting the species in
continental North Africa, using keywords such as Arctotheca calendula,
inventory, co-occurring flora, Algeria, Tunisia.

To assess possible future spread and impacts of the species in Algeria
and Tunisia, we relied on its biological and ecological traits observed in the
tield as well as those cited in bibliographic sources, its invasion history in
the Mediterranean region or regions with a Mediterranean climate, and the
impacts of the species reported in the scientific literature.

Results and discussion

We found 13 new localities of Arctotheca calendula during field work, five
were recorded in Algeria and eight in Tunisia; there, its persistence in the
locality of Sejnane (i.e. the first locality previously reported in Tunisia by
other authors) was also confirmed. The records are distributed over a wide
area in northern Tunisia and a smaller area in northeastern Algeria (Figure 1).

The species seems to have extended its range to the west of the locality
where it was first discovered in Algeria (El Behaira pond) by more than 130
km from Skikda, while it seems to have extended its range to the north,
east and west of the first locality (Sejnane) recorded in Tunisia by more
than 90 km from Hammam Bourguiba (northwestern Tunisia);
emphasizing, on the one hand, its great ability to spread rapidly over long
distances, and reflecting, on the other hand, its high invasive potential.

This study represents the second record of A. calendula in Algeria and in
Tunisia.

Taxonomy, nomenclature and description of specimens encountered

in the field

Arctotheca calendula (L.) Levyns, S. Afr. J. Bot. 8: 284 (1942)
(Asteraceae) (Figure 2A-L).

Main synonyms : Arctotis calendula L., Sp. PL. 2: 922 (1753); Arctotis tristis L., Sp. PL. 2: 922
(1753); Arctotis superba L., Cent. PL II. 32 (1756); Arctotis calendulacea L., Syst. Nat., ed. 12.
2: 578 (1767); Arctotis sulphurea Gaertn., Fruct. Sem. Pl. 2(3): 439 (1791); Arctotis speciosa
Salisb., Prodr. Stirp. Chap. Allerton 209 (1796); Arctotis hypochondriaca Willd., Sp. P1,, ed. 4
[Willdenow] 3(3): 2348 (1803); Cryptostemma calendulaceum (L.) R.Br., Hort. Kew., ed. 2

Sakhraoui et al. (2024), Biolnvasions Records 13(2): 319-333, https://doi.org/10.3391/bir.2024.13.2.03 322


https://doi.org/10.3391/bir.2024.13.2.03
https://www.invasivesnet.org
https://www.inaturalist.org/
https://gdebelair.com/

7)

&

INVASIVESHET

Recent expansion of Arctotheca calendula in North Africa

[W.T.Aiton] 5: 141 (1813); Cryptostemma hypochondriacum R.Br., Hort. Kew., ed. 2
[W.T.Aiton] 5: 141 (1813); Cryptostemma runcinatum R.Br., Hort. Kew., ed. 2 [W.T.Aiton]
5: 141 (1813); Cynotis hypochondriaca Hoffmanns, Verz. Pfl.-Kult. Nachtr. 2: 98 (1826);
Alloiozonium arctotideum Kunze, Linnaea 17(5): 572 (1844); Cryptostemma calendula (L.)
Druce, Bot. Exch. Club Brit. Isles Rep. 3(5): 416 (1914); Arctotheca calendulacea (R.Br.) K.
Lewin, Repert. Spec. Nov. Regni Veg. Beih. 11: 49 (1922).

It is a rosette-forming perennial herb, up to 40 cm wide and 30 cm high.
Taproot, usually short and slightly thick, branched, surrounded by several
fasciculate roots, these sometimes longer than the taproot. Stems very short
or longer, branching with age at the base, erect or often ascending, ridged,
sometimes emitting adventitious roots at the nodes. Leaves petiolate, lyrate-
pennatisect, rarely lyrate-pennatipartite, toothed, irregularly and deeply lobed
with 2 to 6 pairs of lobes, green and slightly hairy on the upper side, white
tomentose and densely hairy on the lower side, especially near the veins.
Petioles sometimes purplish, often densely hairy. Capitula solitary and terminal,
up to 5 cm (or more) in diameter, erect at flowering, ligulate, peduncles long,
striated, green, sometimes densely covered with + purplish hairs. Receptacle
flat at fruiting, alveolate, glabrous, with pentagonal alveoli surrounded by a
scarious, white crown. Involucral bracts imbricate, green, ciliate, the outer ones
with a recurved apical appendage, linear or lanceolate, densely covered—
especially on the margin—with hyaline moniliform hairs, the inner ones
narrowly black margined. Ray florets 8-15 (Algeria) or 8-20 (Tunisia), sterile,
ligules oblong, pale yellow in upper half, mostly darker yellow in lower half,
greenish-purplish at the base. Disc florets bisexual, yellowish proximally,
black distally. Anthers black. Style branches elliptical, yellowish. Achenes
oblong-obovoid, dark brown, surrounded by copious brown woolly hairs,
easily detached at maturity.

By checking some photos of confirmed specimens of A. calendula reported
on iNaturalist in South Africa (https://www.inaturalist.org/observations?nelat
=22.1254239&nelng=38.2216904&pag=3&place_id=any&swlat=-47.1313489
&swing=16.2816999&taxon_id=56024), and the description given by SANBI
(2023), we found that South African populations differ from North African
populations in terms of flowers: specimens from the South African
populations have a greater number of ray florets (up to 22 florets), whereas
the Algerians have a maximum of 15 florets and the Tunisians 20 florets.

However, although it is the only representative species of its genus in
North Africa (Morocco, Algeria, Tunisia) (Dobignard and Chatelain 2011;
APD 2023), it remains very difficult to identify in the field without flowers.
Misidentifications and confusion are therefore possible with other common
native species in Algeria and Tunisia, notably species of the genera
Centaurea, Hyoseris, Taraxacum and Urospermum.

Arctotheca calendula can be confused with another South African
species, A. prostrata (Salisb.) Britten, which is an unfertile, stoloniferous
plant (see Hinojosa-Espinosa and Villasefior 2015) with yellowish disc
florets (Ghafoor and Bean 2015).
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Figure 2. Arctotheca calendula in North Africa (Algeria and Tunisia). Flowering individuals along the roadside in Tacha village
(Annaba, northeastern Algeria), 22™ April 2023 (A); aerial and underground parts of the plant collected in the El Zaouia locality
(Skikda, northeastern Algeria), 7" January 2024 (B); hairy leaves, upper surface (C) and lower surface (D), 15" January 2024; root
system with branched taproot surrounded by a few fasciculate roots, 15" January 2024 (E); purplish hairs on the upper surface of
the petiole and main vein, 15t January 2024 (F); a flower bud with hyaline moniliform hairs, Nefza (Béja, northwestern Tunisia),
6™ April 2015 (G); capitula with black center, 7" May 2023 (H); flat receptacle, lower surface (I) and upper surface with
pentagonal alveoli surrounded by a scarious white crown (J), 15™ January 2024; fruit with densely woolly indumentum, 22" April
2023 (K); achene with 2 lateral ribs, 21* January 2024 (L). Photo (G) by R. El Mokni, all other photos by N. Sakhraoui.
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Table 1. Geographic coordinates of recorded localities of Arctotheca calendula in North Africa (Algeria and Tunisia).

Locality (Village, Coordinates (DD)
Douar) L Wilaya . . . Occupied
1d and date of Municipality (=district) Habitat Population size surface arca Lat. Long Al (m)
observation
Algeria
N Uncultivated land,
Elcocnlaey near to the houses, Large population in
1 17.032023,  Ben Azzouz  Skikda . HSEs, ECPOPUIANON I oo m*  36.875  7.35991 10
roadsides near to the  flower and in fruit
22.04.2023
meadows
Tacha village Roadside near to Small blooming 2
2 17.03.2023 Berrahal Annaba meadows population 6m 36.8505 7.42199 19
Triaat village Roadsides and the ~ Large population in 2
. 22042023 SRl AR o iyl Abueard gt Cow  SOPET GedIBE oB
Between Triaat and Roadside at a few Small population in
4 Bouchachia Berrahal Annaba  meters from pastures POpuk . 6 m? 36.9243 733367 18
flower and in fruit
22.04.2023 and crops
Bouchachia village 5 Small flowering and 2
5 22042023 Berrahal Annaba Roadside st e B 9m 36.9961 7.40616 176
Tunisia
Sejnane village . .
6 09.04.2004, Sejnane Bizere ~ Roadsidesandwet  Largepopulationin 050 1o 370644 924220 127
meadows flower and in fruit
29.04.2012
Teskraia village . . . Large population in 2
7 01.04.2014 Sejnane Bizerte Roadsides flower and in fruit 400 m 37.2111 9.49694 66
Majen Chitana, Roadsides in a cork Small, sporadically
8 Sidi Mechreg Sejnane Bizerte ° oak ;Orest ° flowering 1000m> 371511 9.09694 179
village 03.05.2017 population
Bizerte North 5 5 Roadsides and wet ~ Large population in P
9 village 03.03.2018 Bizerte North ~ Bizerte meadows flower and in fruit 200 m' 37.2875 9.87055 5
Nefza village . Roadsides Large population in 2
10 06.04.2015 Nefza Béja near wet meadows  flower and in fruit 1000 m 37.0013 9-08972 27
Fernana village . Large population in
11 29.04.2012 Fernana Jendouba Roadsides flower and in fruit 2 ha 36.6533 8.69555 286
Ras Rajel village Very large
12 (Guelta-Safra ke Jendouba  RORdsidesandwet b on in 25ha 369661 887750 30
locality) meadows flowers and fruits
15.04.2015
L. . Small population
13 El Feidja (Dovar o pimaou Jendouba  ROASIdesandwet oy o wersand  1000m? 364831 832713 420
Rehim) 11.06.2021 meadows fruits
Hammam .
. . Small, sporadically
14 Bourguiba (Sloul o 1y ham  Jendouba Roadsides flowering and 100m> 367630 855166 155
village) and wet meadows 0 .
19.06.2023 fruiting population

Sakhraoui et al. (2024), Biolnvasions Records 13(2): 319-333, https://doi.org/10.3391/bir.2024.13.2.03

Locations and population sizes recorded during this study

In Algeria, the largest populations have been observed in the villages of El
Zaouia (wilaya of Skikda) and Triaat (wilaya of Annaba), where hundreds
of individuals have been recorded. In Tunisia, on the other hand, populations
are much larger, covering large areas of up to 25 ha in the Ras Rajel region
(wilaya of Jendouba).

Details of this section are shown in Table 1.

Phenology

In Algeria, the species flowers from mid-March to early June. In Tunisia,
flowering is also mainly in spring, between April and May, but can extend
into June in years with late rains. Targeted surveys carried out by the first
author on 21* August 2023 revealed total desiccation of individuals, which
was also observed in Tunisia by the second author of this work.

In the study area, the plant behaves like a perennial. The above-ground parts
die back by mid-summer and grows back with the first rains of autumn.
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Reproduction in the Algerian and Tunisian populations takes place via
seeds, which were harvested during the maturation phase in large quantities
in Algeria at the end of March 2023, and in Tunisia at the end of April 2012.

In the native range, flowering time is from July to April (SANBI 2023)
and it is described as perennial (Herman et al. 2017).

Habitats, pathway of introduction, distribution and status in Algeria and
Tunisia

The populations of A. calendula observed in Algeria within Skikda and Annaba
regions grow on alluvial soil among native species such as Avena sp., Bellis
annua L., Borago officinalis L., Carduus sp., Cerinthe major L., Cladanthus
mixtus (L.) Chevall., Cynodon dactylon (L.) Pers., Echium sp., Erodium
moschatum (L.) L'Hér., Euphorbia helioscopia L., Lolium perenne L., Lysimachia
arvensis (L.) U. Manns & Anderb., Plantago coronopus L., P. lanceolata L.,
Salvia verbenaca L. and Trifolium repens L. They most often where observed on
roadsides and in pastures and some populations extend over long distances.
Relicts of Mediterranean maquis are also common in the study area, which are
characterized by the presence of several native shrub species, such as Arbutus
unedo L., Calicotome spinosa (L.) Link, Crataegus monogyna Jacq., Erica
arborea L., Pistacia lentiscus L., Myrtus communis L., Olea europaea L. subsp.
europaea and Rubus ulmifolius Schott.

The recorded localities belong to the wetlands of Numidia (i.e. K3,
biogeographical sector determined in Algeria by Quézel and Santa (1962)),
which are characterized by temporary ponds and/or permanent freshwater
lakes (Figure 3A), locally called in the Skikda region “Garaa”. These natural
reservoirs are used by local residents for crops irrigation. Currently, A. calendula
seems to be missing in other surveyed habitats listed in material and methods,
and it also seems to be absent in the wetlands of Taleza (Municipality of
Collo) located west of the capital of the wilaya of Skikda where field surveys
carried out on 22™ March 2023 by one of the authors (H. Rais) have yielded
no findings.

In Tunisia, habitats of the occurrences of A. calendula are also wet meadows
with hygrophilic vegetation (Figure 3B) within cork oak forests or areas
bordering these ecosystems which are characterized by loamy hydromorphic
soils with gley to pseudogley, and a vegetation particularly rich in herbaceous
plants. The main accompanying species of A. calendula are Bellis annua L.,
Chamaemelum fuscatum (Brot.) Vasc., Eryngium pusillum L., Melilotus sulcatus
Dest., Mentha pulegium L., Ochlopoa infirma (Kunth) H. Scholz, Parapholis
incurva (L.) C. E. Hubb., Plantago bellardii All, P. coronopus L., Sherardia arvensis
L., Squilla numidica Jord. & Fourr., Trifolium scabrum L., T. subterraneum L. and
T. tomentosum L. These meadows are mainly grazed by cattle as long as
they are well-watered, otherwise by goats and sheep.
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Figure 3. Habitat of Arctotheca calendula in North Africa (Algeria and Tunisia). Wetland of
Guerbes-Sanhadja (Skikda, northeastern Algeria) where the species was discovered, 17
March 2023 (A), photo by N. Sakhraoui; a meadow in a wetland invaded by a large population
of A. calendula mixed with native flora (Tabarka, northwestern Tunisia), 15" April 2015 (B),
photo by R. E1 Mokni.

The localities registered in Tunisia belong to the biogeographical sectors
of Kroumiria, Mogods and North-East (i.e. K, M and NE sensu Cuenod
(1954) and Pottier-Alapetite (1979-1981)) which, like the Algerian study
area, are characterized by the presence of swamps and ponds, particularly in
the region of Sejnane, Majen Chitana and Bizerte.

Arctotheca calendula was first observed and collected in 2018 in Algeria
by Hamel et al. (2020) in El Kala National Park (wilaya of El Tarf, eastern
part of the wilaya of Skikda and Annaba) on the banks of the El Behaira
pond. The introduction of the species in Algeria is probably recent because
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the localities where it has been recorded, are among the floristically best-
studied sites in Algeria due to their biological richness and ecological interest.
It is therefore unlikely that the species would have gone unnoticed by the
various researchers who have meticulously prospected these places, including
the eminent botanist G. de Bélair (https://gdebelair.com/). This is also the
case in other neighbouring countries, notably Tunisia where it seems that
the species has been introduced only since the 1970s with clover seed lots
imported from Australia (Le Floc’h et al. 2010). However, the pathway of
introduction in Algeria is unknown, but it seems plausible that it was
accidentally introduced with contaminated peanut seeds (Hamel et al. 2020),
as the species is not used for the ornamental purpose in Algeria (see
Sakhraoui 2021).

Possibly, the long-distance spread of A. calendula through the invaded
wetlands in Algeria may have been facilitated by wintering avifauna that
crosses the region in large populations (see e.g. Metallaoui and Houhamdi
2010; Loucif et al. 2020). Waterfowl have also been implicated as one of the
main pathways of introduction of A. calendula into Iran where it was
recently discovered and reported as established in the north of the country
(see Tirgan et al. 2022).

In Tunisia, however, secondary dispersal of A. calendula is probably done
by sheep and goats, water (through streams) and wind facilitated by the
presence of well-developed pappus. These vectors are probably also involved
in short-range dispersal in Algeria.

Hamel et al. (2020) do not clearly mention the status of the species in the
El Kala region, but it is understood from the figure and information reported
by these authors, that the species is well established in the locality, since it
mixes with native species occupying an area of 100 m? and therefore can be
considered as naturalized. In El Tarf region, the species colonizes the same
habitat as the populations recorded in the regions of Skikda and Annaba.
Interestingly, A. calendula was neither mentioned in the index of the flora
of North Africa (Dobignard and Chatelain 2011), in the GdB herbarium
(https://gdebelair.com/), nor in the alien flora of Algeria (Meddour et al.
2020); however, two records in the wilaya of Skikda are reported on iNaturalist
(https://www.inaturalist.org/observations/44299333, https://www.inaturalist.
org/observations/115129904), which were recorded respectively in April
2020 and May 2022 in the Ben Azouz region. These two localities are located
in the same region where our observations were made. Examination of the
location map and photos published on the platform revealed that in one of
the localities, the species occurs in a field and a grazed site; it also seems to
form a large population mixed with native herbs. No other occurrences
could be found in literature, limiting the current distribution of the species
to northeastern Algeria.

However, the species should be searched for in the other wetlands of
Algeria; research should focus on the areas bordering Morocco where
A. calendula is common in several habitats (see Vogt 1996; Plant Biodiversity
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of South-Western Morocco 2023). In fact, an occurrence was recorded
recently (2" May 2022) in the municipality of Saidia (northeastern
Morocco) on the Mediterranean coast (https://www.inaturalist.org/
observations/116319650) only 7 kilometers to the west of the Algerian border.

In Tunisia, A. calendula has been recorded for much longer than in
Algeria and is represented by much larger populations. It has been first
recorded in 1977 in clearings and meadows in the Sejnane region
(northeastern Tunisia), where it was considered naturalized (see Le Floc’h
et al. 2010); this locality has been confirmed several times by the second
author of this article between 2004 and 2012. A recent observation recorded
on iNaturalist on April 2023 also confirmed the persistence of the species
at this location (https://www.inaturalist.org/observations/110332653). As
in Algeria, the species should be searched for in the other wetlands of Tunisia,
especially those located in the east of the country (e.g. Ichkeul National
Park and Bizerte Lake) where two new localities are reported in this study
(Teskraia and Bizerte North) at about 70 km from Sejnane (for the locality
of Bizerte North), likely indicating that the plant is spreading within the
whole region.

Possible future spread and impacts of A. calendula in Algeria and Tunisia

Recently, A. calendula has spread in northeastern Algeria and northern
Tunisia. We argue that especially in wetlands it may become invasive in
Algeria in the future, favored by its biological traits, including reproduction
(production of large quantity of seeds, large size and persistent seed bank, and
an ecotypic variation for seed dormancy (Dunbabin and Cocks 1999; Ellery
and Chapman 2000)), and dispersal characteristics (dispersed by different
vectors, including wind, water, animals and human activities (Madon 1994;
Brundu et al. 2015)). In addition to these biological traits, there is the
climatic factor which is very favourable since it is similar to that of the
native range, and its history of invasion recorded in some Mediterranean
or Mediterranean climate regions such as Italy (Stinca et al. 2021) where it
tends to invade coastal dunes, and California where it is widespread in
grasslands (Mahoney and Mckenzie 2008; Calflora 2023; CAL-IPC 2023).

In its native range, the species colonizes Acacia-wooded grassland, dry
grassland, on sandy soils, coastal areas or disturbed places, often as weed of
roadsides and waste places (Herman 2013; Herman et al. 2017). However,
in some areas of introduction, A. calendula colonizes a similarly wide range of
habitats. In Morocco, for example, it was recorded on coastal sands, beaches
and rocks, on river banks and dam ditches, and wetlands in Pinus forests
(Vogt 1996; Dobignard 2009). Eighteen occurrences including an unconfirmed
one were made there between March 2013 and May 2023 on the iNaturalist
platform, distributed mainly along the Atlantic coast with some occurrences
on the Mediterranean coast and inside the country.
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In Sardinia (Italy), A. calendula was observed in rangeland with sparse
oak-trees on acidic sandy soils, in an occasionally irrigated field on alluvial
sandy soil, and in a disturbed garrigue that developed after a fire on nutrient
poor granitic soil (Brundu et al. 2015); finally in Australia, the species colonizes
pastures, crops, orchards, gardens, trails, disturbed sites and natural areas
(e.g. coasts, grasslands, open forests), and has even been recorded in semi-
arid areas and occasionally in Australian arid areas (Wood 1994; Weeds of
Australia 2023). Arctotheca calendula is therefore endowed with a remarkable
ecological plasticity, which allows us to predict a future extension beyond
the Algerian and Tunisian wetlands habitats, especially in coastal dunes
and beaches present in the study area within a few hundred meters of the
Algerian localities.

According to Véla and Benhouhou (2007) and Véla (2018), the wetlands
of northeastern Algeria (encompassing the Guerbes-Sanhadja plain (a Ramsar
site, wilaya of Skikda), and the ponds of eastern Numidia (wilaya of El
Tarf)), and those of northeastern and northwestern Tunisia (mainly in the
Mogods and Kroumiria), host a rich and original native vascular flora, and
are therefore classified as hotspots of plant biodiversity on the southern
shores of the Mediterranean basin.

These habitats are already subject to several threats, including the extension
of agriculture and pastoral activity, increased drought and fires, which have
particularly increased as a consequence of climate change in the last decade
(see Ghrabi-Gammar et al. 2009; Ferchichi-Ben Jamaa et al. 2010; Toubal
et al. 2014; Sakhraoui et al. 2020). Grazing by cows is widely practiced in
these regions where there are vast meadows. The spread of A. calendula
could therefore have a double negative effect, environmental, on the one
hand, by causing the loss of biodiversity, and economic on the other hand,
by causing the loss of the quality of natural fodder resources, which would
generate serious socio-economic repercussions, especially on local populations.

Indeed, the scientific literature reports that this species can seriously
threaten native plant communities due to competition, particularly in coastal
grasslands and riparian zones (Brundu et al. 2015). Further, the dense
populations of A. calendula can negatively affect pasture quality (Conning
et al. 2011); it can also be poisonous to herbivores, through accumulating
potentially toxic levels of nitrate. Young plants are particularly involved in
the threat of poisoning, which is especially serious for sheep (Fairnie 1969).
When consumed by livestock, this may cause reduced weight (Pethick and
Chapman 1991), and it may negatively affect milk or meat flavor (Matthews et al.
1999; Dowling et al. 2000).

Conclusions

We show that A. calendula is currently spreading in the wetlands of
northeastern Algeria and northern Tunisia. This spread is worrying and warrants
immediate action. Application of herbicides should be avoided, especially
as the species possesses resistance against the most commonly used
herbicides such as photosystem-I inhibiting herbicides (paraquat and diquat)
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and Glyphosate (see Khalil et al. 2021); thus, other control methods such as
hand-pulling, should be applied.

The cost of this manual method could be greatly reduced if farmers and
peasants were involved in the operation after having been made aware of
the negative impacts caused by the species. On the other hand, this easily
applicable control method could yield very encouraging results, especially
in Algeria, where A. calendula is still rare. Although interventions of this
kind, targeting a single species, are rarely undertaken in Algeria or Tunisia,
we believe that they offer a great potential for halting the spread of invasive
alien plant species and thus help to preserve ecosystems. Management has
also to be continued once the last individual of a population has been
eliminated, to avoid re-emergence from the persistent seed bank.

Finally, according to the criteria of Pysek et al. (2004), Arctotheca calendula
can be considered as invasive in Tunisia and potentially invasive in Algeria.

Author’s contribution

Research conceptualization: Nora Sakhraoui; sample design and methodology: Nora Sakhraoui
and Ridha El Mokni; investigation and data collection: Nora Sakhraoui, Ridha El Mokni and
Hichem Rais; data analysis and interpretation: Nora Sakhraoui, Ridha El Mokni and Azzedine
Hadef, funding provision: Franz Essl; writing: Nora Sakhraoui and Franz Essl; review: Franz
Essl, Ridha El Mokni and Filip Verloove.

Acknowledgements

The authors would like to thank the editors 1. Bazos and G. Brundu and the anonymous
reviewers for their corrections and comments which led to the improvement of this paper.

Funding declaration

FE appreciates funding by the Austrian Science Foundation FWF (grant I 5825-B).

References

Arianoutsou M, Bazos I, Delipetrou P, Kokkoris Y (2010) The alien flora of Greece: Taxonomy, life traits
and habitat preferences. Biological Invasions 12: 3525-3549, https://doi.org/10.1007/s10530-010-9749-0

Aymerich P, Saez L (2019) Checklist of the vascular alien flora of Catalonia (northeastern Iberian
Peninsula, Spain). Mediterranean Botany 40: 215-242, https://doi.org/10.5209/mbot.63608

Brundu G, Lozano V, Manca M, Celesti-Grapow L, Sulas L (2015) Arctotheca calendula (L.)
Levyns: An emerging invasive species in Italy. Plant Biosystems 149: 954-957, https://doi.org/10.
1080/11263504.2015.1125963

Conning SA, Renton M, Ryan MH, Nichols PGH (2011) Biserrula and subterranean clover can co-
exist during the vegetative phase but are out-competed by capeweed. Crop and Pasture Science
62: 236247, https://doi.org/10.1071/CP10218

Cuenod A (1954) Flore analytique et synoptique de la Tunisie (Cryptogames Vasculaires, Gymnospermes
et Monocotylédones). Office de I’expérimentation et de la vulgarisation agricoles de Tunisie, Tunis, 287 pp

Dobignard A (2009) Contributions a la connaissance de la flore du Maroc et de 1’Afrique du Nord,
Nouvelle série. 2. La flore du Nord-Maroc. Le Journal de Botanique 46—47: 3—136, https://doi.org/
10.3406/jobot.2009.1065

Dobignard A, Chatelain C (2011) Index synonymique de la flore de I’Afrique du Nord, Volume 2.
Conservatoire et Jardin Botaniques, Genéve, Suisse, 449 pp

Dowling PM, Michalk DL, Sindel BM (2000) Weed management in pasture systems. In: Sindel BM
(ed), Australian weed Management Systems, RG and FJ Richardson, Melbourne, Australia, pp 307-328

Dunbabin MT, Cocks PS (1999) Ecotypic variation for seed dormancy contributes to the success of
capeweed (Arctotheca calendula) in Western Australia. Australian Journal of Agricultural
Research 50: 1451-1458, https://doi.org/10.1071/AR99001

El Mokni R (2023) Non-native shrubby species of Euphorbia (Euphorbiaceae) in Tunisia. Flora
Mediterranea 33: 17-29, https://doi.org/10.7320/FIMedit33.017

El Mokni R, Verloove F (2021) New records of cacti (Opuntioideae, Cactaceae) for the non-native
flora of Tunisia and North Africa with a key to Cylindropuntieae tribe. Mediterranean Botany 42:
€69037, https://doi.org/10.5209/mbot.69037

Sakhraoui et al. (2024), Biolnvasions Records 13(2): 319-333, https://doi.org/10.3391/bir.2024.13.2.03 331


https://doi.org/10.3391/bir.2024.13.2.03
https://www.invasivesnet.org
https://doi.org/10.1007/s10530-010-9749-0
https://doi.org/10.5209/mbot.63608
https://doi.org/10.1080/11263504.2015.1125963
https://doi.org/10.1080/11263504.2015.1125963
https://doi.org/10.1071/CP10218
https://doi.org/10.3406/jobot.2009.1065
https://doi.org/10.3406/jobot.2009.1065
https://doi.org/10.1071/AR99001
https://doi.org/10.7320/FlMedit33.017
https://doi.org/10.5209/mbot.69037

)

&

INVASIVESNET

Recent expansion of Arctotheca calendula in North Africa

El Mokni R, Verloove F (2022) Further records of non-native succulents within Asparagaceae sensu lato
as casual or naturalising aliens in Tunisia and North Africa. Bradleya 40: 119-129,
https://doi.org/10.25223/brad.n40.2022.a10

Ellery AJ, Chapman R (2000) Embryo and seed coat factors produce seed dormancy in capeweed
(Arctotheca calendula). Australian Journal of Agricultural Research 51: 849-854, https://doi.org/
10.1071/AR00050

Fairnie JJ (1969) Nitrite poisoning in sheep due to capeweed (Arctotheca calendula). Australian
Veterinary Journal 45: 78-79, https://doi.org/10.1111/j.1751-0813.1969.tb 13697 .x

Ferchichi-Ben Jamaa H, Muller SD, Daoud-Bouattour A, Ghrabi-Gammar Z, Rhazi L, Soulié-
Meérsche I, Ouali M, Ben Saad-Limam S (2010) Structures de végétation et conservation des zones
humides temporaires méditerranéennes: la région des Mogods (Tunisie septentrionale). Comptes
Rendus Biologies 333: 265-279, https://doi.org/10.1016/j.crvi.2009.12.014

Galasso G, Conti F, Peruzzi L, Ardenghi NMG, Banfi E, Celesti-Grapow L, Albano A, Alessandrini
A, Bacchetta G, Ballelli S, Bandini Mazzanti M, Barberis G, Bernardo L, Blasi C, Bouvet D,
Bovio M, Cecchi L, Del Guacchio E, Domina G, Fascetti S, Gallo L, Gubellini L, Guiggi A,
lamonico D, Iberite M, Jiménez-Mejias P, Lattanzi E, Marchetti D, Martinetto E, Masin RR,
Medagli P, Passalacqua NG, Peccenini S, Pennesi R, Pierini B, Podda L, Poldini L, Prosser F,
Raimondo FM, Roma-Marzio F, Rosati L, Santangelo A, Scoppola A, Scortegagna S, Selvaggi
A, Selvi F, Soldano A, Stinca A, Wagensommer RP, Wilhalm T, Bartolucci F (2018) An updated
checklist of the vascular flora alien to Italy. Plant Biosystems 152: 556-592, https://doi.org/10.
1080/11263504.2018.1441197

Ghafoor A, Bean T (2015) The tribe Arctotideae. In: Wilson A (ed), Flora of Australia, Vol. 37
Asteraceae-1, CSIRO Publishing, Australian Biological Resource Study, Department of Environment,
Australia, pp 159-171

Ghrabi-Gammar Z, Daoud-bouattour A, Ferchichi H, Gammar AM, Muller SD, Rhazi L, Ben Saad-
Limam S (2009) Flore vasculaire rare, endémique et menacée des zones humides de Tunisie. Revue
d'Ecologie (La Terre et La Vie) 64: 19—40, https://doi.org/10.3406/revec.2009.1440

Hamel H, Azzouz TZ, Bellili AM, Boutabia L, Telailia S (2020) L’arctothéque souci (Arctotheca
calendula): une nouvelle espece exotique pour la flore algérienne. Flora Mediterranea 30: 137—
142, https://doi.org/10.7320/FIMedit30.137

Herman PPJ (2013) Asteraceae: Arctotheca. In: Snijman DA (ed), Plants of the Greater Cape
Floristic Region 2: The Extra Cape flora. Strelitzia 30: 271-271

Herman PPJ, Retief E, Meyer NL (2017) Asteraceae. In: Retief E, Meyer NL (eds), Plants of the Free
State: Inventory and identification guide. Strelitzia 38: 249413

Hinojosa-Espinosa O, Villasefior JL (2015) Arctotheca prostrata (Asteraceae: Arctotideae), a south African
species now present in Mexico. Botanical Sciences 93: 1-4, https://doi.org/10.17129/botsci.223

Khalil Y, Ashworth MB, Han H, Qin Y, Rocha RL, Pritchard B, Cameron D, Beckie HJ (2021)
Identification of the first glyphosate-resistant capeweed (Arctotheca calendula) population. Pest
Management Science 77: 2568-2575, https://doi.org/10.1002/ps.6295

Le Floc’h E, Boulos L, Véla E (2010) Catalogue synonymique commenté de la flore de Tunisie. Ministére
de I’environnement et du développement durable, banque nationale de génes, Tunis, 500 pp

Loucif K, Bara M, Grira A, Maazi MC, Hamli A, Houhamdi M (2020) Ecology of avian settlements in lake
Tonga (northeast Algeria). Zoodiversity 54: 275-284, https:/doi.org/10.15407/2002020.04.275

Madon O (1994) Un taxon introduit nouveau pour I'ltalie: Arctotheca calendula. Flora Mediterranea 4:
201-202

Mahoney AM, Mckenzie RJ (2008) Notes on two southern African Arctotis species (Arctotideae:
Asteraceae) growing in California. Madrorio 55: 244-247, https://doi.org/10.3120/0024-9637-55.3.244

Matthews PNP, Harrington KC, Hampton JG (1999) Management of grazing systems. In: White J,
Hodgson J (eds), New Zealand pasture and crop science, Oxford University Press, Auckland,
UK, pp 153-174

McKenzie RJ, Herman PPJ, Korniyenko O, Barker NP (2011) Revision of Arctotis sect. Anomalae
(Asteraceae: Arctotideae), including the description of a new species from Northern Cape Province,
South Africa. South African Journal of Botany 77: 45-54, https://doi.org/10.1016/j.sajb.2010.05.002

Meddour R, Sahar O, Fried G (2020) A preliminary checklist of the alien flora of Algeria (North
Africa): taxonomy, traits and invasiveness potential. Botany Letters 167: 453-470, https://doi.org/
10.1080/23818107.2020.1802775

Metallaoui S, Houhamdi M (2010) Biodiversité et écologie de I’avifaune aquatique hivernante dans
Garaet Hadj-Tahar (Skikda, Nord-Est de I’ Algérie). Hydroécologie Appliquée 17: 1-16, https://doi.org/
10.1051/hydro/2010002

Pethick D, Chapman H (1991) The effects of Arctotheca calendula (capeweed) on digestive function
of sheep. Australian Veterinary Journal 68: 361-363, https://doi.org/10.1111/.1751-0813.1991.tb00737.x

Pottier-Alapetite G (1979-1981) Flore de la Tunisie (Angiospermes-Dicotylédones), Volumes 1 et 2.
Publications scientifiques tunisiennes, Ministére de 'Enseignement supérieur et de la Recherche
Scientifique, Ministére de 1’ Agriculture, Tunis

Pysek P, Richardson DM, Rejmanek M, Webster GL, Williamson M, Kirschner J (2004) Alien plants
in checklist and floras: towards better communication between taxonomists and ecologists. 7axon 53:
131-143, https://doi.org/10.2307/4135498

Quézel P, Santa S (1962) Nouvelle flore d’Algérie et des régions désertiques méridionales, Volume 1.
Centre National de la Recherche Scientifique, Paris, 1165 pp

Sakhraoui N (2021) La flore horticole cultivée dans la wilaya de Skikda: état des lieux et stratégies de
gestion durable. PhD Thesis, Mohamed Chérif Messaadia University, Souk Ahras, Algeria

Sakhraoui et al. (2024), Biolnvasions Records 13(2): 319-333, https://doi.org/10.3391/bir.2024.13.2.03 332


https://doi.org/10.3391/bir.2024.13.2.03
https://www.invasivesnet.org
https://doi.org/10.25223/brad.n40.2022.a10
https://doi.org/10.1071/AR00050
https://doi.org/10.1071/AR00050
https://doi.org/10.1111/j.1751-0813.1969.tb13697.x
https://doi.org/10.1016/j.crvi.2009.12.014
https://doi.org/10.1080/11263504.2018.1441197
https://doi.org/10.1080/11263504.2018.1441197
https://doi.org/10.3406/revec.2009.1440
https://doi.org/10.7320/FlMedit30.137
https://doi.org/10.17129/botsci.223
https://doi.org/10.1002/ps.6295
https://doi.org/10.15407/zoo2020.04.275
https://doi.org/10.3120/0024-9637-55.3.244
https://doi.org/10.1016/j.sajb.2010.05.002
https://doi.org/10.1080/23818107.2020.1802775
https://doi.org/10.1080/23818107.2020.1802775
https://doi.org/10.1051/hydro/2010002
https://doi.org/10.1051/hydro/2010002
https://doi.org/10.1111/j.1751-0813.1991.tb00737.x
https://doi.org/10.2307/4135498

2

INVASIV[SNH Recent expansion of Arctotheca calendula in North Africa

Sakhraoui N (2023) Nouveaux signalements de plantes exotiques échappées des cultures en Algérie.
Flora Mediterranea 33: 167-175, https://doi.org/10.7320/FIMedit33.167

Sakhraoui N, Boussouak R, Metallaoui S, Chefrour A, Hadef A (2020) La flore endémique du Nord-
Est algérien face a la menace des espéces envahissantes. Acta Botanica Malacitana 45: 67-79,
https://doi.org/10.24310/abm.v451.6138

Sakhraoui N, Verloove F, Hadef A, Rouidi S, Dziri H (2023a) Additional records on the occurrence of
two alien Leguminosae in Algeria. Hacquetia 22: 263-270, https://doi.org/10.2478/hacq-2022-0017

Sakhraoui N, Verloove F, Smith GF (2023b) Aloe maculata All. (Asphodelaceae subfam. Alooideae):
a new addition to the alien flora of Algeria and North Africa. Bradleya 41: 225-229,
https://doi.org/10.25223/brad.n41.2023.a16

Sakhraoui N, Rouidi S, Essl F, Verloove F, Hadef A (2023c) First escaped populations of Gazania
xsplendens Hend. & Andr. Hend. (Asteraceae) in Algeria. Biolnvasions Records 12: 659—666,
https://doi.org/10.3391/bir.2023.12.3.03

Stinca A, Musarella CM, Rosati L, Laface VLA, Licht W, Fanfarillo E, Wagensommer RP, Galasso
G, Fascetti S, Esposito A, Fiaschi T, Nicolella G, Chianese G, Ciaschetti G, Salerno G, Fortini P,
Di Pietro R, Viti Perrino R, Angiolini C, De Simone L, Mei G (2021) Italian Vascular Flora:
New Findings, Updates and Exploration of Floristic Similarities between Regions. Diversity 13:
600, https://doi.org/10.3390/d13110600

Talavera M, Talavera S (2015) El género Arctotheca Vaill. (Arctotideae, Compositae) en la Peninsula
Ibérica y Baleares. Acta Botanica Malacitana 40: 311-322, https://doi.org/10.24310/abm.v40i0.2555

Tirgan S, Naqginezhad A, Brundu G (2022) Arctotheca calendula (L.) Levyns (Asteraceae): an
emerging invasive alien species in Iran. Biolnvasions Records 11: 600—608, https://doi.org/10.
3391/bir.2022.11.3.02

Toubal O, Boussehaba A, Toubal A, Samraoui B (2014) Biodiversit¢ méditerranéenne et changements
globaux: cas du complexe de zones humides de Guebes-Senhadja. Physio-Géo, Géographie Physique
et Environnement 8: 273-295, https://doi.org/10.4000/physio-geo.4217

Valdés M, Rejdali A, Achhal EI Kadmiri J, Montserrat JM (ed) (2002) Catalogue des plantes
vasculaires du nord du Maroc, incluant des clés d’identification, Volume 2. Consejo Superior de
Investigaciones Cientificas, Madrid, 1007 pp

Véla E (2018) De I’inventaire de la biodiversité aux propriétés de conservation dans le hotspot du
bassin méditerranéen: peut-on combler les déficits de connaissance? Mémoire d’habilitation a
diriger des recherches, Université de Montpellier, France, 62 pp

Véla E, Benhouhou S (2007) Evaluation d'un nouveau point chaud de biodiversité végétale dans le
bassin méditerranéen (Afrique du Nord). Comptes Rendus Biologies 330: 589—605, https://doi.org/
10.1016/j.crvi.2007.04.006

Vogt R (1996) Notes on Asteraceae from N Morocco. Lagascalia 18(2): 301-305

Wood H (1994) The introduction and spread of capeweed, Arctotheca calendula (L.) Levyns
(Asteraceae) in Australia. Plant Protection Quarterly 9(3): 94-100

Web sites and online databases

APD (2023) African Plant Database version 4.0.0. Conservatoire et Jardin botaniques de la Ville de
Geneéve and South African National Biodiversity Institute, Pretoria. https://africanplantdatabase.ch/en/
nomen/specie/104020/arctotheca-calendula-1-levyns (accessed 21 June 2023)

CABI (2023) CABI compendium, Arctotheca calendula (capeweed), https://doi.org/10.1079/
cabicompendium.6729 (accessed 21 August 2023)

Calflora (2023) Information on California plants for education, research and conservation, with data
contributed by public and private institutions and individuals. [web application]. 2023. Berkeley,
California: The Calflora Database [a non-profit organization]. https://www.calflora.org/app/taxon?
crn=634 (accessed 15 September 2023)

CAL-IPC (2023) California Invasive Plant Council, Arctotheca calendula. https://www.cal-ipc.org/plants/
profile/arctotheca-calendula-profile/ (accessed 11 September 2023)

EPPO Global Database (2023) Arctotheca calendula (AROCA). https://gd.eppo.int/taxon/AROCA
(accessed 23 July 2023)

Euro+tMed PlantBase (2023) Arctotheca calendula. https://europlusmed.org/cdm_dataportal/taxon/
044754¢a-1140-460-b133-69¢0b431d28c (accessed 11 August 2023)

Plant Biodiversity of South-Western Morocco (2023) Arctotheca calendula. https://www.teline.fr/en/
photos/asteraceae/arctotheca-calendula (accessed 03 October 2023)

POWO (2023) Plants of the World Online, Arctotheca calendula (L.) K. Lewin, Facilitated by the
Royal Botanic Gardens, Kew. https://powo.science.kew.org/taxon/urn:Isid:ipni.org:names:178499-1
(accessed 19 June 2023)

SANBI (2023) South African National Biodiversity Institute, Arctotheca calendula (L.) Levyns.
https://biodiversityadvisor.sanbi.org/search/detail/6163fb87-9f11-4f79-94d65ca713758a51 7name=
calendula&index=bodatsa 23 09 15&isSynonym=true (accessed 21 December 2023)

Weeds of Australia (2023) Arctotheca calendula (L.) Levyns. https://keyserver.lucidcentral.org/weeds/
data/media/Html/arctotheca_calendula.htm (accessed 17 June 2023)

Sakhraoui et al. (2024), Biolnvasions Records 13(2): 319-333, https://doi.org/10.3391/bir.2024.13.2.03 333


https://doi.org/10.3391/bir.2024.13.2.03
https://www.invasivesnet.org
https://doi.org/10.7320/FlMedit33.167
https://doi.org/10.24310/abm.v45i.6138
https://doi.org/10.2478/hacq-2022-0017
https://doi.org/10.25223/brad.n41.2023.a16
https://doi.org/10.3391/bir.2023.12.3.03
https://doi.org/10.3390/d13110600
https://doi.org/10.24310/abm.v40i0.2555
https://doi.org/10.3391/bir.2022.11.3.02
https://doi.org/10.3391/bir.2022.11.3.02
https://doi.org/10.4000/physio-geo.4217
https://doi.org/10.1016/j.crvi.2007.04.006
https://doi.org/10.1016/j.crvi.2007.04.006
https://africanplantdatabase.ch/en/nomen/specie/104020/arctotheca-calendula-l-levyns
https://africanplantdatabase.ch/en/nomen/specie/104020/arctotheca-calendula-l-levyns
https://doi.org/10.1079/cabicompendium.6729
https://doi.org/10.1079/cabicompendium.6729
https://www.calflora.org/app/taxon?crn=634
https://www.calflora.org/app/taxon?crn=634
https://www.cal-ipc.org/plants/profile/arctotheca-calendula-profile/
https://www.cal-ipc.org/plants/profile/arctotheca-calendula-profile/
https://gd.eppo.int/taxon/AROCA
https://europlusmed.org/cdm_dataportal/taxon/044754ea-1140-46f0-b133-69e0b431d28c
https://europlusmed.org/cdm_dataportal/taxon/044754ea-1140-46f0-b133-69e0b431d28c
https://www.teline.fr/en/photos/asteraceae/arctotheca-calendula
https://www.teline.fr/en/photos/asteraceae/arctotheca-calendula
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:178499-1
https://biodiversityadvisor.sanbi.org/search/detail/6163fb87-9f11-4f79-94d65ca713758a51?name=calendula&index=bodatsa_23_09_15&isSynonym=true
https://biodiversityadvisor.sanbi.org/search/detail/6163fb87-9f11-4f79-94d65ca713758a51?name=calendula&index=bodatsa_23_09_15&isSynonym=true
https://keyserver.lucidcentral.org/weeds/data/media/Html/arctotheca_calendula.htm
https://keyserver.lucidcentral.org/weeds/data/media/Html/arctotheca_calendula.htm


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /RUS <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



