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Isothecium algarviecum W.E.Nicholson & Dixon was discovered in Tunisia, which constitutes the first report of this Maca-
ronesian-oceanic species in Africa. Three distinct populations were observed in ravines in the humid Meso-Mediterranean
vegetation belt of Kroumiria. The Tunisian material is fully described, with particular attention to alar and supra-alar
cells, prorate cells and other morphological characteristics. The density and size of the prorate cells appear to be a robust
diagnostic characteristic for the separation of Isothecium algarvicum, 1. alopecuroides and I. myosuroides. Detailed analysis
of the forest habitat reveals a uniquely rich environment. The origin of a possibly relict species with Macaronesian-oceanic

affinities is discussed.

Keywords: bryophytes, Maghreb, new records, North Africa, oceanicity, relict species, supra-alar cells

The studies addressing Tunisian bryoflora are both old and
scattered. The checklists of bryophytes from North Africa
(Ros et al. 1999), of hornworts and hepatics from the Medi-
terranean (Ros et al. 2007), and of mosses (Ros et al. 2013)
incorporate all references to the Tunisian literature and
have thus facilitated further studies. Major studies of horn-
worts and liverworts include those of Jovet-Ast and Bischler
(1971), Jovet-Ast (1986) and Ben Osman etal. (2019, 2021c,
2022a, b). Further studies have addressed mosses, including
Bescherelle (1897), Thériot (1900), Gillot (1904), Corbiére
and Pitard (1909), Bizot (1931), Potier de la Varde (1949),
Labbe (1953), Jelenc (1954, 1955a, b, 1967), De Sloover
(1965), Pécs (2007), Draper et al. (2008), Muller et al.
(2010), Campisi et al. (2015), Ellis et al. (2017, 2018,
2019, 2021), Hugonnot et al. (2020) and Ben Osman et al.
(2021a, b, ¢, 2022a). These works notwithstanding, much
remains to be done to create an accurate picture of the Tuni-
sian bryoflora.

In the Mediterranean region, the moss genus Isothecium
Brid. (Lembophyllaceae) comprises seven species, some of
which exhibit wide distributions. Although infrequent, 7
alopecuroides (Lam. ex Dubois) Isov. and I myosuroides Brid.

This work is licensed under the terms of a Creative Commons
Attribution 4.0 International License (CC-BY) <htep://
creativecommons.org/licenses/by/4.0/>.  The license permits
use, distribution and reproduction in any medium, provided the
original work is properly cited.
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are the most widely distributed species of the genus, and are
patchily recorded from Macaronesia to Iran and Azerbaijan
(Blockeel et al. 2014). Isothecium interludens Stirt. and 1.
holtii Kindb. have comparable distributions: the former is
a hyperoceanic taxon that has been raised recently to spe-
cific rank and is recorded in the Atlantic areas of Spain and
France, Faroe Islands, Scotland, United Kingdom, Ireland,
Norway (Hodgetts and Vanderpoorten 2018, Hodgetts
and Lockhart 2020); the lacter is known in France, Spain,
Portugal, Belgium, Luxembourg and Germany (Hodgetts
and Lockhart 2020), and in the United Kingdom. It has
also been reported from Turkey (Blockeel et al. 2014). In
this context, further verification of the Turkish records of
1. interludens and I. holtii for their identity are warranted.
Lsothecium prolixum (Mitt.) M.Stech, Sim-Sim, Tangney &
D.Quand and the recently described /. montanum Draper,
Hedenis, M.Stech, Lopes & Sim-Sim are endemic to Maca-
ronesia and to Madeira, respectively (Draper et al. 2015).
Finally, Iothecium algarvicun W.ENicholson & Dixon
is currently known in the Canary Islands (Gonzdlez-
Mancebo et al. 2008), in Madeira (Sérgio et al. 2008) and in
the southwest of the Iberian Peninsula (Sérgio and Carvalho
2003). Recent bryological surveys in northern Tunisia have
led to the discovery of three small populations of this species,
which constitutes a significant eastern extension to its range
and a first record for North Africa. While 7. alopecuroides
and 1. myosuroides are reported in Morocco (Jelenc 1955a,

Jovet-Ast 1958, Sauvage 1958, Ahayoun et al. 2013) and in



Algeria (Jelenc 1955a, 1967), no taxa of this genus has ever
been reported in Tunisia.

Isothecium algarvicum belongs to a taxonomically difficult
genus with a particularly high degree of morphological varia-
tion (Draper et al. 2007). This species has been described
and illustrated previously in several publications (Hedenis
1992, Elias and Guerra 2018), but we provide here a detailed
morphological analysis of our gatherings. In particular, we
carefully address the ecological setting of the population
because of its relevance to both the phytosociological context

and phytogeography.
Nomenclature

The bryophyte and vascular plant nomenclature follows
Ros et al. (2007, 2013) and Le Floc’h et al. (2010) respec-
tively.

Methods

During our field surveys we collected bryophytes at 108 dif-
ferent locations in Kroumiria and Mogods from 1-13 April
2019. One specimen of Isothecium myosuroides, collected in
the Ain Draham delegation, was found in the Jelenc herbar-
ium at the Musée Lecoq (Clermont-Ferrand, France). West-
ern European specimens of 1. myosuroides and 1. alopecuroides
were also examined.

In each prospected location, the general conditions of
the habitat were described. Bryophyte communities were
surveyed and relevés made recording substrate type, aspect,
slope, hydrological conditions, etc. Microscopic examina-
tion was performed using standard methods with a micro-
scope. The morphological description is based on Tunisian
material and includes all morphological aspects described
in the literature. We paid particular attention to alar and
supra-alar areolation as it is often referred to as the best
diagnostic feature to distinguish Ilsothecium algarvicum
from 1. alopecuroides and I. myosuroides. To measure den-
sity and size of the prorate cells, we studied three species of
Lothecium: 1. algarvicum, 1. alopecuroides and 1. myosuroides
(Table 1). Five leaves were dissected from each of five ran-
domly chosen stems of each specimen, and measurements
were made at 100 pm from the leaf apex in an area of ca
78 X 78 pm. For 1. myosuroides, given the length of the leaf
acumen, we took measurements where an area of 78 X 78
pm was reached.

The specimens that were collected are housed in the her-
barium of the Faculté des Sciences de Tunis (TUN) and in
the personal herbarium of Vincent Hugonnot.

Significance of differences between species were tested

with ANOVA (Excel 2010).

Results

The newly discovered poulations of Isothecium algarvicum
were found only in the Kroumirian region at three differ-
ent sites: Ain Jmel Waterfall, Oued Ellil and O. Zen (Fig.
1). Here we provide the complete description of this new
species.

Description of Tunisian material (Fig. 2)

Isothecium algarvicum W.E.Nicholson & Dixon

Grey-green, dull, medium-sized plants, moderately den-
droid, irregularly branched; primary axes plagiotropic creep-
ing, monopodial (sympodial if apex is damaged), pinnately
or bipinnately branched laterally (on one plane, appearing
flat), with relatively small leaves on branches; intermittent
robust orthotropic secondary axes are acropetally arched
and branched medially or distally and have larger leaves;
second and third order branches are relatively short; the
occasional flagelliform stolons are formed in the proximal
sector of primary shoots and give rise to first order axes.
Rhizoids form tufts on stolons. Proximal leaves suborbicular
to shortly ovate, strongly dentate, forming a closed dome.
Stem cortex of 3—4 layers of incrassate brownish cells; cen-
tral cylinder composed of 8—15 cells. Leaves of primary axes
measure 0.6 X 0.9 mm, distant, erecto-patent, triangular to
ovate-triangular, weakly concave; costa 60 pm wide at base,
reaching 2/3 of leaf length, occasionally forked, not end-
ing in a spine; margin plane; very weakly denticulate below,
slightly denticulate at apex; mid-leaf cells rhomboidal to
shortly linear, slightly flexuose, 16-28 X 5—6 pm, incrassate,
eporose, smooth; prorate cells absent dorsally; basal cells
strongly incrassate, moderately porose; alar cells forming a
large transversely rectangular to triangular, slightly opaque
group, reaching midway from margin to costa, rarely bis-
tratose, not decurrent; alar cells quadrate, short rectangular
or oblate; supra-alar cells forming a triangular group reach-
ing ¥4 of the length of the leaf, composed of quadrate to
short rectangular cells, intercalated with rows of rectangular
cells in the upper part. Leaves of the second and third axes,
0.60-0.70 X 1.00-1.25 mm, short ovate, shortly acuminate,
concave; costa reaching % of the length of the leaf, 70 pm
wide at base; not ending in a spine; margin plane or recurved
below; strongly denticulate from apex to 1/3(~1/2) of the
leaf length; mid-leaf cells rhomboidal to short linear, slightly
flexuose, 20-30 X 5-6 pm, incrassate, eporose; numerous

Table 1. Provenance of the specimens used for the measurements of density and size of prorate cells.

Localities

Species Country of origin
Isothecium algarvicum Tunisia
Canary Islands
Spain
Isothecium alopecuroides France
Isothecium myosuroides France

Kroumiria: Ain Jmel waterfall; Oued Ellil; O. Zen
La Palma, Barranco de San Juan

Malaga Benahavis; without location

Pontgibaud, Puy de Dome

Auvergne: Haute Loire, Polignac

Orne, Belléme forest

Auvergne: Cantal, Vezels Roussy, les Bories

Pays de Loire, Sarthe, Perseigne forest

2

Downloaded From: https://bioone.org/journals/Lindbergia on 29 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



4

Oued Ellil
Google Earth -

® Ain Jmel Waterfall

NES /

Figure 1. Localities of fsothecium algarvicum in northern Tunisia.

cells prorate dorsally; basal cells strongly incrassate, mod-
erately porose; alar cells forming a large quadrate opaque
group, reaching midway from margin to costa, occasionally
bistratose, not decurrent; alar cells quadrate, shortly rectan-
gular or oblate; supra-alar cells quadrate to short rectangular,
distinct from short linear limb cells, but intercalated with
such cells in the upper part; alar cells and supra-alar cells
together form a large group ascending the leaf margin (to
1/3-1/2 leaf length) as a very narrow band (Fig. 3). Small
leaves of reduced axes more ovate-oblong, denticulate to 2/3
of leaf length, with prorate cells at back.

Dioicous. Perigonial buds not seen. Perichaetial buds con-
sisting of ovate-oblong, abruptly acuminate-squarrose leaves,
smooth; costa faint, single, ending at mid-leaf; numerous
hyaline paraphyses to 5-6 X 12-15 pum, composed of 3—4
short brown cells at base and numerous relatively thick-
walled cells; archegonia to 500 pm long.

Sporophytes not seen.

The prorate cells are always numerous in othecium algarvi-
cum (averaging 13 on a surface of 100 pm? and more than 100
per leaf) and with tall projections (averaging 8.2 um above the
leaf surface up to 14 ). By contrast, they are less abundant in
I alopecuroides (about 5 cells on the same surface area) with
a height of 7.8 pm (max. 13.3 pm). Finally, they are almost
absent or difficult to observe in 1. myosuroides, and, when pres-
ent, reach, on average, 7.7 pm (max. 12 pm) (Fig. 2, 4 and 5).

Tunisian specimens examined

Tunisia, Kroumiria, Jendouba Governorate, Delegation of
Ain Draham: Ain Jmel Waterfall (36°43'33"N, 08°42'09"E;
594 m asl.), 3 Apr 2019, leg. Imen Ben Osman, Vin-
cent Hugonnot, T2019-612; Oued Ellil (36°44'08.45"N;
08°42'64.17"E; 479 m as.l.), 3 Apr 2019, leg. Imen Ben
Osman, Vincent Hugonnot, T2019-580; Delegation of Fer-
nana: Oued Zen (36°48'71.80"N, 08°50'68.88”E; 368 m
a.s.l.), 4 Apr 2019, leg. Imen Ben Osman, Vincent Hugon-
not, T2019-393.

Downloaded From: https://bioone.org/journals/Lindbergia on 29 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

u
Oued Zen

The specimens that were collected are housed in the her-
barium of the Faculté des Sciences de Tunis (TUN) and in
Vincent Hugonnots personal herbarium.

Distribution

An updated distribution map is provided (Fig. 6). The Tuni-
sian locality lies about 1250 km east of the nearest known
locality (southern Spain). On the western. Iberian Peninsula,
it is recorded from northern Portugal to the Serra de Mon-
chique in the south (Sérgio and Carvalho 2003, Sérgio et al.
2007, 2013), and from Andalucia in southern Spain (Guerra
1980). In Macaronesia, it is known on Madeira (Sérgio et al.
2008) and in the western Canary Islands (Gonzdlez-
Mancebo et al. 2008).

Habitat in Tunisia

Lsothecium algarvicum was discovered in Kroumiria (NW
Tunisia) on the banks of two permanent rivers, Oued Zen
and Oued Ellil, and at the Ain Jmel Waterfall, on O. Ellil.
In each location, it covered approximately 1 m?. Kroumiria
is a mountainous massif with alternating sandstone and clay
from the Numidian flysch, reaching 1203 m a.s.l. at Jbel
El Ghorra, on the Algerian-Tunisian border and descends
eastwards to 800-900 m in the region of Ain Draham, and
to around 500 m on the Nefza Plain. Located in a humid
bioclimate (INRF 1975), within the Thermo- and Meso-
Mediterranean vegetation belts, it is Tunisia’s wettest region
with rainfall ranging between 1000 and 1500 mm year~1. It
snows regularly in the mountains from December to Febru-
ary. Annual average temperatures range from 16 to 20°C,
with minimums of 2-7°C (January), with relatively strong
daily and seasonal fluctuations. The prevailing winds come
from the northwest and preserve moisture in the region for
much of the year (Debazac 1959). The region’s vegetation is
dominated by zeen oak Quercus canariensis Willd. forests in
the Meso-Mediterranean vegetation belt and by cork oak Q.
suber L. forests in the Thermo-Mediterranean belt.



Figure 3. Alar and supra-alar zones of Lsothecium algarvicum and 1. alopecuroides. (A) Leaf of Lothecium algarvicums; (a) alar zone, (b) supra-
alar zone. (B) Leaf of 1. alopecuroides, (c) alar zone, (d) supra-alar zone.

Despite summer droughts in the Kroumiria, some
permanent watercourses persist in its central part thanks
to high annual rainfall. In Oued Zen and O. Ellil, Alnus
glutinosa (L.) Gaertn. The forest is confined to valley bot-
toms and small flat areas. Individual alder trees extend nar-
rowly and discontinuously along the main axis of minor

16
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W Isothecium algarvicum [ I

river beds and do not occur far from them. These ripar-
ian forests are characterized by the endemics Campanula
alata Desf. and Carex panormitana Guss., associated with
Hypericum androsaemum L. and more mesophilous wood-
land species such as Luzula forsteri (Sm.) DC. and Prunella
vulgaris L. Quercus canariensis woodland comes into con-
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Figure 4. Size of prorate cells for Isothecium algarvicum, 1. alopecuroides and I. myosuroides.
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Figure 5. Prorate cell density of Isothecium algarvicum, I. alopecuroides and I. myosuroides.

tact with Alnus glutinosa stands towards the base of slopes.
The understorey is well lit and often has a sparse cover
of Cytisus villosus Pourr., Crataegus monogyna Jacquin,
Erica arborea L., etc., locally mixed with thermophilous
elements from Quercetalia ilicis Br.-Bl. ex Molinier 1934,
such as Arbutus unedo L., Phillyrea media L., Viburnum
tinus L., etc.

The remarkable zonation of the bryological communi-
ties ranges from the main riverbed to mesic slopes. The most
significant populations of Lothecium algarvicum are found
at the interface of Alnus glutinosa and Quercus canariensis
woodlands, on the higher banks that have a certain insta-
bility, with small sandstone rock outcrops entangled with
aerial roots and trunks. The vertical zonation of bryophytic
communities of Oued Zen is briefly described (Table 2) and
schematically represented (Fig. 7).

Reproductive characters

No sporophytes were recorded in Tunisia, only female shoots
with archegonia were seen. Sporophytes are are apparently fre-
quent in Macaronesia (Hedenis 1992, 1993), and known from
the Iberian Peninsula (sporophyte were found in Serra de Mon-
chique) (Elias and Guerra 2018, R. D. Porley pers. comm).

Discussion

Surprisingly, no species of the genus Isothecium were previ-
ously known in Tunisia. Under-recording may explain the
poor knowledge of the Tunisian bryoflora. Here, we make
the first record for Lsothecium algarvicum. We also discovered
1. myosuroides, which is treated elsewhere (Ben Osman et al.
2022a). The identification of I. algarvicum becomes more

Figure 6. Known global distribution of Zothecium algarvicum W.E.Nicholson & Dixon.
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straightforward when the shape of the leaves, the size of the
alar and supra-alar groups and the greater density and size of
prorate dorsal cells are taken into consideration. Draper et al.
(2015) previously described 1. algarvicum leaves as being
smooth or as having scattered prorate cells on its upper back,
those of 1. alopecuroides as distally prorate on back above and
those of 1. myosuroides as having occasional prorate cells, if
presents scattered on back. Our results largely support this,
in that they show I algarvicum to be unambiguously the
most prorate of the three species. We need to be careful how-
ever, because of the complex architecture of all Lsothecium
being studied, where branch leaves obviously have more pro-
rate cells than stem leaves (which may even be smooth): this
could account for ambiguities. Molecular confirmation of
the identity of the Tunisian plant would be useful since the
genus is famous for being difficult to identify taxonomically.

Lsothecium algarvicum is a remarkable addition to North
African flora. Its ecology appears to be fairly stable over its
entire range. It grows on tree trunks and on acidic rocks in
very humid environments in forested stands, in the Pinsapo
forests of southern Spain (Guerra 1980) and mostly occurs in
Alnus glutinosa riparian woodland, but also in Quercus suber
and Castanea sativa woodland, and between boulders on
rocky humid slopes in barrancos (steep sided valleys) and in
the Quercus robur—Q. pyrenaica woodlands of Portugal (Sér-
gio et al. 2013). On the Iberian Peninsula, it is linked to a
Montane-Mediterranean climate with more than 1000 mm
year~! of precipitation and 5-6 dry summer months (Sérgio
1980-1981), which is consistent with the currently known
locality in Kroumiria. In Madeira and on the Canary Islands,
the species grows in many types of forests in sheltered, moist
environments (Hedends 1992, Draper et al. 2015).

The occurrence of such a strong Macaronesian-oceanic
element in North Africa allows for some phytogeographi-
cal speculation, which again, would benefit from molecular
phylogeographic reconstruction. Some vascular plants dis-

play similar disjunct distributions centred in Macaronesia
with peripheral isolated populations scattered in southern
Europe and North Africa. This is particularly true for certain
terns, such as Asplenium hemionitis L., Culcita macrocarpa
C.Presl., Davallia canariensis (L.) Sm., Diplazium cauda-
tum (Cav.) Jermy, Dryopteris guanchica Gibby & Jermy and
Woodwardia radicans (L.) Sm. (Prelli and Boudrie 2001). It
is also true for some angiosperms, including Dracaena draco
L. subsp. ajgal Benabid & Cuzin in S.W. Morocco (Benabid
and Cuzin 1997), Laurus azorica (Seub.) Franco in south-
west and central Morocco (Barbero et al. 1981) and Prunus
lusitanica L. in northern Morocco, on the Iberian Peninsula
and in southwestern. France (Quézel and Médail 2003).
Such disjunct distributions could result from long-distance
bird-mediated dispersal (Brochet et al. 2009) or from the
long-term fragmentation of what were previously continu-
ous ranges (Cronk 1992). The concept of a metapopulation
functioning through long-distance dispersal and implying a
recent origin for the isolated Mediterranean populations is
unlikely. Bird migration routes are north-south rather than
west—east compared with the ranges of the concerned plants.
On the other hand, the relict theory (Cronk 1992) stipu-
lates that the Neogene Tethyan subtropical environments,
reduced by Late Cenozoic glaciations (Rodriguez-Sdnchez
and Arroyo 2010), have partly persisted on Macaronesian
archipelagos (Ferndndez-Palacios et al. 2011), and in favour-
able habitats scattered in southwestern Morocco (Médail
and Quézel 1999), on the Atantic Iberian coast (Postigo
Mijarra et al. 2009) and around the Mediterranean (Quézel
and Médail 2003). Patifio et al. (2015) suggests that oceanic
and hyper-oceanic species, especially in bryophytes, reflect
not only the extant flora but also possibly past ranges. More-
over, as these authors point out, their true insular populations
and their isolated ‘insular-like’ continental populations, may
constitute significant reservoirs of novel biodiversity for the
assembly of continental flora during future humid periods.

Table 2. Bryophytic communities of Oued Ellil and O. Zen (underlined Latin names are only found in O. Ellil; names in bold type are only

observed in O. Zen; other species are common to both rivers).

Ecological characteristics

Main species

Bryosociology

1 Aquatic assemblage on rocks

Chiloscyphus polyanthos, Fontinalis antipyretica

Fontinalion antipyreticae

2 Amphibious community of low
topographical level

Racomitrium aciculare, Rhynchostegium confertum, R. riparioides,
Rhynchostegiella tubulosa, Riccardia chamedryfolia, Scapania

W. Koch. 1936

Platyhypnidion rusciformis
Phil. 1956

undulata, Schistidium apocarpum, Scorpiurium deflexifolium

Brachythecion rivularis

3 Amphibious taxa on sand
accumulation
4 Ferrugineous mud

tubulosa

Cirriphyllum crassinervium, Lunularia cruciata, Rhynchostegiella

Calypogeia fissa, Cephalozia bicuspidata, Conocephalum conicum,
Dicranella heteromalla, Epipterygium tozeri, Kindbergia praelonga

Hertel 1974
Dicranellion heteromallae
Phil. 1963

Scapania undulata Solenostoma hyalinum

5 Terricolous assemblages of wet

Thamnobryum alopecurum
6  Terro-saxicolous mesic

Fissidens taxifolius, Homalia lusitanica, Lunularia cruciata,
silt Microeurhynchium pumilum, Plagiomnium undulatum,

Cirriphyllum crassinervium, Cololejeunea rossettiana, Fissidens

Fissidention taxifolii Marst.
in Marst. 2006

Dicranellion heteromallae
Phil. 1963

assemblages

serrulatus, Fossombronia angulosa, Isothecium algarvicum, |.

myosuroides, Lejeunea cavifolia, Lophocolea fragrans, Plagiothecium
nemorale, Saccogyna viticulosa, Thamnobryum alopecurum

7 Soil communities
brachydontium
8 Dry rock community

Fissidens taxifolius, Pleuridium acuminatum, Trichostomum

Grimmia lisae, Homalothecium sericeum, Nogopterium gracile

Fissidention taxifolii Marst.
in Marst. 2006
Grimmion commutatae V.

9 Bark-dwelling communities

arboris-vitae, P._obtusata

Hypnum cupressiforme, Leptodon smithii, Nogopterium gracile, Porella

Krus. 1945
Neckerion complanatae
Sm. & Had. ex KI. 1948

6
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Figure 7. Topographical sequence of bryophytic communities in Oued Ellil (numbers refer to communities described in Table 2).

Figure 2. Dorsal side of leaves of Isothecium species. Electron microscope scans: (A) Lsothecium algarvicum, (B) I alopecuroides, (C) 1. myo-
suroides.
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Lsothecium algarvicum thus appears to be a remarkable
element of this relict Neogene flora, making the riparian for-
ests where it develops very valuable both historically and for
conservation. The other species that are found in the wet
riparian habitats of northwestern Tunisia can be considered
comparable Tertiary relicts: e.g. Hypericum androsaemum,
llex aquifolium, Laurus nobilis L. and Osmunda regalis L.
(Quézel and Médail 2003). Although no phylogenetic data
are available, the status of the liverworts Lophocolea fra-
grans (Moris & De Not.) Gottsche, Lindenb. & Nees, Pal-
lavicinia lyellii (Hook.) Carruth., Saccogyna viticulosa (L.)
Dumort. and the mosses Heterocladium flaccidum (Schimp.)
AJ.E.Sm. and Pseudotaxiphyllum elegans (Brid.) Z. Iwats
that were also recorded in Tunisia (Hugonnot et al. 2020,
Ben Osman et al. 2021¢, 2022b) is probably similar to that
of Lsothecium algarvicum.

The reproductive status of Isothecium algarvicum lends
further support to the relictual hypothesis. The apparent
absence of male individuals in North Africa may explain the
inability of fertilisation occuring. This sterility drastically
reduces the possibility of population expansion as no spores
are available. Today, the multiplication of the species relies
solely on vegetative expansion and is likely to be very slow.
Given the unfavourable climatic characteristics of most of
the adjacent landscape, the species appears confined along
these three Kroumirian rivers.

Conservation

While Isothecium algarvicum is listed as being of least con-
cern in Europe (Sérgio et al. 2019, Hodgetts and Lock-
hart 2020), it is relatively common in Macaronesia and
thus classified as near threatened (Sim-Sim et al. 2014).
Its restricted distribution on the Iberian Peninsula makes
it vulnerable (Garilleti and Albertos 2012, Sérgio et al.
2013). To date, the Tunisian populations are the only
ones known in Africa. The discovery of I algarvicum in
N. Tunisia raises the probability that it is present in other
mountain ranges of North Africa, particularly in Morocco
(Rif) and in Algeria (Numidia, Kabylia). Inadequate forest
management (illegal cuts, overexploitation, fire) is certainly
the main threat. The site should receive statutory protec-
tion given the high biological value of floristic assemblages
occurring in it.

Acknowledgements —We thank the Direction Générale des Foréts,
Ministere de I'Agriculture et des Ressources hydrauliques et de
la Péche de Tunisie and the local population for authorising
fieldwork and providing facilities, M. Calboussi (Tunisia
Ecotourism Network), Z. Ghrabi-Gammar and I. Ben Haj Jilani
for help with fieldwork, and D. Glassman (Washington, USA)
for editorial assistance. We also thank T. Vergne for providing
the map, L. Hedenis for verifying the identity of the specimens,
D. Cot for taking MEB photographs and T. Blockeel for
suggestions and corrections to the manuscript, and R. D. Porley
for suggestions, modifications, corrections, and information
about the presence of the species in the Serra de Monchique.
This paper is contribution ISE-M no. 2022-281 SUD.

Funding — Financial support was provided by LRI18ES13
Biogéographie, Climatologie ~Appliquée et Dynamiques
Environnementales, FLAHM, Université de la Manouba, Tunisia.

8

Downloaded From: https://bioone.org/journals/Lindbergia on 29 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

Data availability statement

Data are available from the Dryad Digital Reposi-
tory:  <https://doi.org/10.5061/dryad.tb2rbp046>  (Ben
Osman et al. 2022¢).

References

Ahayoun, K., Ouazzani-Touhami, A., Rachid Benkirane, R. and
Allal Douira, A. 2013. Catalogue bibliographique des
Bryophytes du Maroc (1913-2011). — J. Anim. Plant Sci. 17:
2433-2513.

Barbero, M., Benabid, A., Peyre, C. and Quézel, P. 1981. Sur la
présence au Maroc de Laurus azorica (Seub.) Franco. — Anal.
Jard. Bot. Madrid 37: 467-472.

Ben Osman, I., Hugonnot, V., Muller, S. D. and Daoud-Bouattour,
A. 2019. A contribution to the study of hornworts and liver-
worts in Tunisia: a checklist and ecology of Kroumirian species.
— Cryptogam. Bryol. 40: 271-287.

Ben Osman, 1., Hugonnot, V., Muller, S. D. and Daoud-Bouattour,
A. 2021a. Sphagnum subnitens Russow & Warnst. in Tunisia
and in North Africa. — J. Bryol. 43: 190-192.

Ben Osman, 1., Hugonnot, V., Daoud-Bouattour, A. and Muller,
S. D. 2021b. New bryophytes in Tunisia (North Africa). Part
1: Pottiaceae. — Nova Hedw. 113: 45-59.

Ben Osman, 1., Hugonnot, V., Muller, S. D. and Daoud-Bouattour,
A. 2021c. Four bryophytes collected in Tunisia, new for main-
land Africa. — Cryptogam. Bryol. 42: 213-219.

Ben Osman, 1., Hugonnot, V., Muller, S.D. and Daoud-Bouattour,
A. 2022a. New bryophytes for Tunisia. Part 2: Other families.
— Cryptogam. Bryol. 43: 173-185.

Ben Osman, 1., Hugonnot, V., Daoud-Bouattour, A. and Muller,
S. D. 2022b. The rare, threatened liverwort Pallavicinia lyellii
(Hook.) Carruth. in North Africa (Kroumiria, Tunisia) — a
unique population. — J. Bryol. doi:10.1080/03736687.2022.2
138175.

Ben Osman, 1., Hugonnot, V., Daoud-Bouattour, A. and Muller,
S. D. 2022c¢. Data from: The first African record of Lothecium
algarvicum in Kroumiria (Tunisia), a relictual element of the
Neogene flora? — Dryad Digital Repository, <https://doi.
0rg/10.5061/dryad.tb2rbp046>.

Benabid, A. and Cuzin, E 1997. Populations de dragonnier
(Dracaena draco L. subsp. ajgal Benabid et Cuzin) au Maroc:
valeurs taxinomique, biogéographique et phytosociologique.
— C. R. Acad. Sci. Paris Sci. Vie 320: 267-277.

Bescherelle, E. 1897. Musci. — In: Patouillard, N. (ed.), Exploration
scientifique de la Tunisie. Botanique. Catalogue raisonné des
plantes cellulaires de la Tunisie. Imprimerie Nationale, pp. 1-13.

Bizot, M. 1931. Contribution a la flore bryologique de Tunisie. —
Bull. Soc. Bot. France 78: 724-726.

Blockeel, T. L., Bosanquet, S. D. S., Hill, M. O. and Preston, C.
D. 2014. Adlas of British and Irish bryophytes. The distribution
and habitat of mosses and liverworts in Britain and Ireland,
Vol. 2. — Pisces Publications.

Brochet, A.-L., Guillemain, M., Fritz, H., Gauthier-Clerc, M. and
Green, A. J. 2009. The role of migratory ducks in the long-dis-
tance dispersal of native plants and the spread of exotic plants
in Europe. — Ecography 32: 919-928.

Campisi, P, Dia, M. G., Domina, G. and Raimondo, E M. 2015.
Bryophytes collected during the 12th ‘Trer Mediterraneum’
(Tunisia, 24 March—4 April 2014). First contribution. —
Bocconea 27: 63-68.

Corbicre, L. and Pitard, C.-J. 1909. Muscinées de Tunisie. — Bull.
Soc. Bot. France 56: 215-242.

Cronk, Q. C. B. 1992. Relict floras of Atlantic islands: patterns
assessed. — Biol. J. Linn. Soc. 46: 91-103.



De Sloover, J. L. 1965. — Additions a la flore bryologique de la
Tunisie. — Bull. Jard. Bot. Etat. Brux. 35: 93-95.

Debazac, E. F. 1959. La végétation forestiere de la Kroumirie. — An.
Ec. Nat. Eaux Foréts 16: 1-131.

Draper, 1., Hedenis, L. and Grimm, G. 2007. Molecular and mor-
phological incongruence in European species of Isothecium
(Bryophyta). — Mol. Phylogenet. Evol. 42: 700-716.

Draper, I., Hedenis, L., Stech, M., Patifio, J., Werner, O., Gonzélez-
Mancebo, J. M., Sim-Sim, M., Lopes, T. and Ros, R. M. 2015.
How many species of Isothecium (Lembophyllaceae, Bryophyta)
are there in Macaronesia? A survey using integrative taxonomy.
— Bot. J. Linn. Soc. 177: 418-438.

Draper, 1., Lara, E and Mazimpaka, V. 2008. New records to the
epiphytic bryophyte flora of Tunisia. — Cryptogam. Bryol. 29:
83-91.

Elias, M. J. and Guerra, J. 2018. Lembophyllaceae Broth. — In:
Guerra, J. and Brugués, M. (Coord.), Flora Briofitica Ibérica,
Vol. VI. Sociedad Espafiola de Briologfa, pp. 247-255.

Ellis, L. T., Afonina, O. M., Aleffi, M., Andriamiarisoa, R. L.,
Backor, M., Goga, M., Bednarek-Ochyra, H., Callaghan, D.
A., Campisi, P, Dia, M. G., Marino, M. L., Enroth, J.,
Erzberger, P, Hugonnot, V., Ignatova, E. A., Kiebacher, T.,
Kucera, J., Lebouvier, M., Maria, G. M., Stefinug, S., Nagy,
J., Pécs, T., Poponessi, S., Venanzoni, R., Gigante, D., Prosser,
E, Reeb, C., Sabovljevi¢, M. S., Shevock, J. R., Shirzadian, S.,
Akhoondi Darzikolaei, S., Souza, E. R. E, Silva Pinto, A., Silva,
J. B., Lopes, S. E, Torzewski, K. and Kazienko, A. 2018. New
national and regional bryophyte records, 55. — J. Bryol. 40:
173-187.

Ellis, L. T., Afonina, O. M., Andriamiarisoa, R. L., Bednarek-
Ochyra, H., Cykowska-Marzencka, B., Stryjak-Bogacka, M.,
Bell, N. E., Boiko, M., Callaghan, D. A., Campisi, P, Dia, M.
G., Marino, M. L., Proenzano, E, Eckstein, J., Enroth, J.,
Erzberger, P, Ezer, T., M. L., Gagano, Ginzburg, E., Gorski,
P, Gradstein, S. R., Reeb, C., Hannoire, C., Infante, M.,
Jukoniene, I., Kushnevskaya, E. V., Lebouvier, M., Nagy, J.,
Opmanis, A., Plasek, V., Skoupa, Z., Sabovljevic, M. S,
Sabovljevic, A. D., Shevock, J. R., Singh, D. K., Majumdar,
S., Skudnik, M., Useliene, A., Venturella, G., Wegrzyn, M.,
Wietrzyk, P, Yoon, Y.-J., Kim, J. H. and Yiicel, E. 2017. New
national and regional bryophyte records, 53. — J. Bryol. 39:
368-387.

Ellis, L. T., Afonina, O. M., Czernyadjeva, I. V., Ivchenko, T. G.,
Kholod, S. S., Kotkova, V. M., Kuzmina, E. Yu., Potemkin, A.
D., Sergeeva, Yu. M., Asthana, A. K., Gupta, D., Sahu, V,,
Srivastava, S., Bakalin, V. A., Ednarek-Ochyra, H., Campisi,
P, Dia, M. G., Choi, S. S., Dagnino, D., Minuto, L., Turcato,
C., Drapela, P, Dugarova, O. D., Tubanova, D. Ya., Enroth,
J., Koponen, T., Klama, H., Erdag, A., Kirmaci, M., Fedosov,
V. E., Hodgetts, N. G., Holyoak, D. T., Jukonien¢, I,
Konstantinova, N. A., Savchenko, A. N., Vilnet, A. A., Krival,
E. A., Kiirschner, H., Lapshina, E. D., Larrain, J., Ma, W. Z.,
Maksimov, A. 1., Marino, M. L., Miiller, E, Pande, N., Park,
S.J., Sun, B.-Y,, Pivoras, A., Plasek, V., Puglisi, M., Sciandrello,
S., Rajian, N. J., Suleiman, M., Schifer-Verwimp, A., Shevock,
J. R., Spitale, D., Stebel, A., Taha, M. A. and Porley, R. D.
2019. New national and regional bryophyte records, 61. — J.
Bryol. 41: 364-384.

Ellis, L. T., Ah-Peng, C., Aslan, G., Bakalin, V. A., Bergamini, A.,
Callaghan, D. A., Campisi, P, Raimondo, E M., Choi, S. S.,
Csiky, J., Csikyné Radnai, E, Cykowska-Marzencka, B.,
Czernyadjeva, I. V., Kalinina, Yu. M., Afonina, O. M., Domina,
G., Drapela, P, Fedosov, V. E., Fuertes, E., Gabriel, R., Kubov4,
M., Soares Albergaria, I., Gospodinov, G., Natcheva, R., Graulich,
A., Hedderson, T., Herndndez-Rodriguez, E., Hugonnot, V.,
Hyun, C. W, Kirmaci, M., Catak, U., Kubesovi, S., Ku€era, J.,
La Farge, C., Larrain, J., Martin, P, Mufeed, B., Manju, C. N,,
Rajesh, K. P, Németh, Cs., Nagy, J., Norhazrina, N., Syazwana,

Downloaded From: https://bioone.org/journals/Lindbergia on 29 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

N., O’leary, S. V., Patk, S. J., Pefia-Retes, A. P, Rimac, A., Alegro,
A., Segota, V., Koleti¢, N., Vukovié, N., Rosadzifiski, S., Rosselld,
J. A., Sabovljevié, M. S., Sabovljevi¢, A. D., Schifer-Verwimp,
A., Sérgio, C., Shkurko, A. V., Shyriaieva, D., Virchenko, V. M.,
Smoczyk, M., Spitale, D., Srivastava, P, Omar, 1., Asthana, A.
K., Staniaszek-Kik, M., Cienkowska, A., Stefinuf, M.-M.,
Stefdnug, S., Tamas, G., Birsan, C. C., Nicoard, G.-R., Ton, M.
C., Pécs, T., Kunev, G., Troeva, E. 1., Rooy, J. Van, Wietrzyk-
Pelka, P, Wegrzyn, M. H., Wolski, G. J., Bozyk, D. and
Cienkowska, A. 2021. New national and regional bryophyte
records, 65, —J. Bryol. 43: 67-91.

Ferndndez-Palacios, J. M., de Nascimento, L., Otto, R., Delgado,
J. D., Garcfa-del-Rey, E., Arévalo, J. R. and Whittaker, R. J.
2011. A reconstruction of Palaco-Macaronesia, with particular
reference to the long-term biogeography of the Atlantic island
laurel forests. — J. Biogeogr. 38: 226-246.

Garilleti, R. and Albertos, B. (Coords.) 2012. Atlas de los briéfitos
amenazados de Espafa. Organismo Auténomo Parques
Nacionales, Ed. — Organismo Auténomo Parques Nacionales.

Gillot, . X. 1904. Note botanique. — In: Chaignon, H. (ed.),
Contribution a I'Histoire naturelle de la Tunisie. Bull. Soc.
Hist. Nat. Autun 17, pp. 116-142.

Gonzélez-Mancebo, J. M., Romaguera, E, Ros, R. M., Patifio, J.
and Werner, O. 2008. Bryophyte flora of the Canary Islands:
an updated compilation of the species list with an analysis of
distribution patterns in the context of the Macaronesian
Region. — Cryptogam. Bryol. 29: 315-357.

Guerra, J. 1980. Nota briolégica — I. — Trabajos y Monografias del
Depto de Botdnica de Mélaga 1: 29-36.

Hedenids, L. 1992. Notes on the genus Zhamnobryum in
Macaronesia (excluding the Cape Verde Islands). — J. Bryol. 17:
119-125.

Hedenis, L. 1993. A nomenclatural note on Isothecium algarvicum
Nich. & Dix. —J. Bryol. 17: 512-513.

Hodgetts, N. G. and Vanderpoorten, A. 2018. Isothecium myosu-
roides var. brachythecioides (Dixon) Braithw. reinstated as a
species, 1. interludens Stirt. — J. Bryol. 40: 316-323.

Hugonnot, V., Ben Osman, 1., Daoud-Bouattour, A., Muller, S.
D., Fedorova, A. V., Ignatova, E. A. and Ignatov, S. 2020. A
range extension of Heterocladium flaccidum (Schimp.) A.J.E.Sm.
to Africa and Asia and confirmation of its specific status. —
Cryptogam. Bryol. 41: 265-272.

INRF (Inst. National de Recherche Forestiére) 1975. Carte biocli-
matique de la Tunisie selon la classification d’Emberger: étages
et variantes (1/1 000 000). — Ministére de I'Agriculture.

Jelenc, E 1954. Contributions 4 I'étude de la flore et de la végéta-
tion bryologiques Nord-Africaines (4e fascicule). — Bull. Soc.
Hist. Nat. Afr. Nord 45: 68-77.

Jelenc, F. 1955a. Muscinées de 'Afrique du Nord (Algérie, Tunisie,
Maroc, Sahara). — Soc. Géogr. Archéol. Prov. Oran.

Jelenc, E 1955b. Contributions a 'étude de la flore et de la végéta-
tion bryologiques Nord-Africaines (5e fascicule). — Bull. Soc.
Hist. Nat. Afr. Nord 46: 107-119.

Jelenc, F. 1967. Muscinées de I'Afrique du Nord (Supplément). —
Rev. Bryol. Lichéno. Nouvelle Sér. 35: 186-215.

Jovet-Ast, S. 1958. Muscinées du Rif occidental. — Bull. Soc. Sci.
Nat. Phys. Maroc 38: 183-186.

Jovet-Ast, S. 1986. Les Riccia de la région méditerranéenne. — Rev.
Bryol. Lichénol. 7: 287-431.

Jovet-Ast, S. and Bischler, H. 1971. Les Hépatiques de Tunisie.
Enumération, notes écologiques et biogéographiques. — Rev.
Bryol. Lichénol. 38: 1-125.

Labbe, A. 1953. Contribution a la connaissance des Bryophytes de
Tunisie. I. Bryophytes nouveaux pour la flore tunisienne. — Rev.
Bryol. Lichénol. 22: 200-201.

Le Floc’h, E., Boulos, L., Vela, E., Ghrabi-Gammar, Z., Daoud-
Bouattour, A., Ben Saad-Limam, S., Martin, R., Muller, S. D.,
Reduron, J.-P. and Tison, J.-M. 2010. Catalogue synonymique



commenté de la Flore de Tunisie. — Ministére de 'Environne-
ment et du Développement Durable de Tunisie, Banque
Nationale de Génes.

Médail, E and Quézel, P. 1999. The phytogeographical significance
of S.W. Morocco compared to the Canary Islands. — Plant Ecol.
140: 221-244.

Muller, S. D., Daoud-Bouattour, A., Belouahem-Abed, D., Ben
Haj Jilani, I., Ben Saad-Limam, S., Benslama, M., Ferchichi-
Ben Jamaa, H., Rhazi, L. and Ghrabi-Gammar, Z. 2010. Peat
mosses (Sphagnum) and related plant communities of North
Africa. 1. The Numidian—Kroumirian range (Algeria-Tunisia).
— Flora Medit. 20: 159-178.

Patifio, J., Carine, M. A., Mardulyn, P, Devos, N., Mateo, R. G.,
Gonzdlez-Mancebo, J. M., Shaw, A. ]. and Vanderpoorten, A.
2015. Approximate Bayesian computation reveals the crucial
role of oceanic islands for the assembly of continental biodi-
versity. — Syst. Biol. 64: 579-589.

Pécs, T. 2007. Bryophyte communities at the edge of Tunisian
Sahara, with the description of Gymnostomum viridulum Brid.
subsp. saharae, subsp. nov. (Pottiaceae, Bryophyta). — Nova
Hedw. 131: 101-120.

Postigo Mijarra, ]J. M., Barrén, E., Gémez Manzaneque, F and
Morla, C. 2009. Floristic changes in the Iberian Peninsula and
Balearic Islands (south-west Europe) during the Cenozoic. - J.
Biogeogr. 36: 2025-2043.

Potier de la Varde, R. 1949. Nouveaux éléments de la flore tunisi-
enne. — Rev. Bryol. Lichénol. 28: 82.

Prelli, R. and Boudrie, M. 2001. Les Fouggeres et plantes alliées
d’Europe. — Biotope.

Quézel, P and Médail, E 2003. Ecologie et biogéographie des foréts
du bassin méditerranéen. — Elsevier.

Rodriguez-Sdnchez, FE and Arroyo, J. 2010. Cenozoic climate
changes and the demise of Tethyan laurel forests: lessons for
the future from an integrative reconstruction of the past. — In:
Hodkinson, T. R., Jones, M. B., Waldern, S. and Parnell, J. A.
N. (eds), Climate change, ecology and systematics. Cambridge
Univ. Press, pp. 280-303.

Ros, R. M., Cano, M. J. and Guerra, J. 1999. Bryophyte checklist
of northern Africa. — J. Bryol. 21: 207-244.

Ros, R. M., Mazimpaka, V., Abou-Salama, U., Aleffi, M., Blockeel,
T. L., Brugués, M., Cros, R. M., Dia, M. G., Dirkse, M. G.,
Draper, I, El-Saadawi, W., Erda, G. A., Ganeva, A., Gabriel,
R., Gonzdlez-Mancebo, J. M., Granger, C., Herrnstads, I,
Hugonnot, V., Khalil, K., Kiirschner, H., Losada-Lima, A.,
Luis, L., Mifsud, S., Privitera, M., Puglisi, M., SabovljeviC,
M., Sérgio, C., Shabbara, H. M., Sim-Sim, M., Sotiaux, A.,

10

Downloaded From: https://bioone.org/journals/Lindbergia on 29 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

Tacchi, R., Vanderpoorten, A. and Werner, O. 2013. Mosses
of the Mediterranean, an annotated checklist. — Cryptogam.
Bryol. 34: 99-283.

Ros, R. M., Mazimpaka, V., Abou-Salama, U., Aleffi, M., Blockeel,
T. L., Brugués, M., Cano, M. J., Cros, R. M., Dia, M., Dirkse,
G. M., El-Saadawi, W., ErdaG, A., Ganeva, A., Gonzélez-
Mancebo, J. M., Herrnstadt, I., Khalil, K., Kiirschner, H.,
Lanfranco, E., Losada-Lima, A., Refai, M. S., RodriguezNufiez,
S., Sabovljevi, C. M., Sérgio, C., Shabbara, H., Sim Sim, M.
and Séderstrom, L. 2007. Hepatics and Anthocerotes of the
Mediterranean, an annotated checklist. — Cryptogam. Bryol.
28: 351-437.

Sauvage, C.1958. Intérét biogéographique du Bou Hachem (Rif
occidental). — Bull. Soc. Sci. Nat. Physiol. Maroc 38: 17-26.

Sérgio, C. 1980-1981. Une localité nouvelle d’Isothecium algarvi-
cum Nicholson et Dixon (Musci) pour la Flore Ibérique. — Bol.
Soc. Port. Ci. Nat. 20: 115-117.

Sérgio, C. and Carvalho, S. 2003. Annotated catalogue of
Portuguese bryophytes. — Port. Acta Biol. 21: 5-230.

Sérgio, C., Bergamini, A., Garcia, C., Garilleti, R., Infante, M. and
Porley, R. D. 2019. Iothecium algarvicum. — The IUCN Red
List of threatened species 2019: ¢.T84515058A87726997.
<www.iucnredlist.org/ja/species/84515058/87726997#popu-
lation>, accessed on 20 March 2022.

Sérgio, C., Brugués, M., Cros, R. M., Casas, C. and Garcia, C.
2007. The 2006 Red List and an updated checklist of bryo-
phytes of the Iberian Peninsula (Portugal, Spain and Andorra).
— Lindbergia 31: 109-126.

Sérgio, C., Garcia, C. A., Sim-Sim, M., Vieira, C., Hespanhol, H.
and Stow, S. 2013. Atlas e livrovermelho dos briéfitos ameaca-
dos de Portugal. — Univ. de Lisboa, Museu Nacional de Histéria
e da Ciéncia.

Sérgio, C., Sim-Sim, M., Fontinha, S. and Figueira, R., 2008. The
bryophytes (Bryophyta) of the Madeira and Selvagens archipel-
agos. — In: Borges, D A. V., Abreu, C., Aguiar, A. M. E,
Carvalho, P, Jardim, R., Melo, L., Oliveira, P, Sérgio, C.,
Serrano, A. R. M. and Vieira, P. (eds), A list of the terrestrial
fungi, flora and fauna of Madeira and Selvagens archipelagos.
Funchal and Angra do Heroismo, Direcgio Regional do
Ambiente da Madeira and Univ. dos Agores, pp. 145-156.

Sim-Sim, M., Ruas, S., Fontinha, S., Hedenis, L., Sérgio, C. and
Lobo, C. 2014. Bryophyte conservation on a North Atlantic
hotspot: threatened bryophytes in Madeira and Selvagens
Archipelagos (Portugal). — Syst. Biodivers. 12: 315-330.

Thériot, I. 1900. Apercu sur la flore bryologique de Tunisie. — Bull.
Soc. Bot. Fr. 3: 1-13.



