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ABSTRACT
KEY WORDS Recent fieldwork in Tunisia resulted in the discovery of one liverwort (Saccogyna viticulosa (L.) Du-
[mosses, mort.) and three mosses (Orthotrichum bistratosum (Schifin.) J.Guerra, Pseudotaxiphyllum elegans
liverworts, (Brid.) Z.Iwats., Tortula protobryoides R.H.Zander) new for mainland Africa. The localities are briefly
l\f/llzrglﬁ?ecg’ described with a focus on habitats, accompanying species, and comments on taxonomy and variabil-
new records. ity. Conservation actions are urgently needed in Tunisia in light of rising anthropogenic pressures.
RESUME

Quatre bryophytes collectées en Tunisie, nowvelles pour [Afrique continentale.
Des prospections de terrain récentes en Tunisie ont permis d’y découvrir une hépatique (Saccogyna
MOTS CLES viticulosa (L.) Dumort.) et trois mousses (Orthotrichum bistratosum (Schiffn.) J.Guerra, Pseudotax-
mousses,  iphyllum elegans (Brid.) Z.Iwats., Tortula protobryoides R.H.Zander) nouvelles pour 'Afrique conti-

hépatiques, nentale. Les localités sont briévement décrites en mettant ’accent sur les habitats, les espéces qui les
1 q
oristique . . S .
Magh(}eb) accompagnent et les commentaires sur la taxonomie et la variabilité. Des mesures de conservation sont
,
signalements nouveaux. nécessaires de toute urgence en Tunisie, compte tenu de 'augmentation des pressions anthropiques.
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INTRODUCTION

The bryophyte flora of Tunisia has been neglected for many
decades; most existing studies are old and scattered. The most
significant pioneer bryological contributions were made by
Thériot (1900) and Corbiére & Pitard (1909). For mosses,
the only available historical synthesis was that of Jelenc (1955,
1967) dealing with all of North Africa. Jovet-Ast & Bischler
(1971) compiled the first checklist for Tunisian liverworts.
However, since the turn of the century, new studies on the
bryoflora of Tunisia have been conducted again (Pécs 2007;
Draper et al. 2008; Muller ez al. 2010; Campisi ez al. 2015,
Ellis ez 2l 2017, 2018, 2019, 2021; Ben Osman ez a/. 2019,
2021a, 2021b; Hugonnot ez al. 2020). Nevertheless, in the
absence of a modern national checklist, the synthesis of
Mediterranean liverworts and hornworts (Ros et 2/ 2007),
and that of mosses (Ros ez a/. 2013) are the most up-to-date.

The Tunisian bryoflora is still poorly known, as demonstrated
by recent field surveys carried out in Tunisia’s northern regions
that have revealed many new species for Tunisia (Hugonnot
eral. 2020; Ben Osman ez al. 2021b). In this paper, we report
4 species new for mainland Africa.

MATERIAL AND METHODS

The nomenclature follows Ros ez 2. (2007, 2013). Species not
cited by Grolle (1995), O’Shea (1995), Wigginton & Grolle
(1996), Ros ez al. (2007, 2013) or Matline et al. (2012) are con-
sidered new for Africa. Distributional data are extracted from
relevant syntheses and publications that are cited for each species.

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. The new records
are listed alphabetically and the following information is
provided for each: specimens examined; distribution; floris-
tic element; habitat; ecological comments and comparisons
with other biogeographical regions; associated species; main
threats and issues relating to conservation; fertility (occurrence
of gametangia, sporophyte, etc.); extent of population (size
of main patches in m?); taxonomic and floristic comments.
Morphological observations are based on the examination of
the Tunisian material.

STUDY AREA
The new species were collected in North-West Tunisia in April
2019, specifically in Kroumiria and Hedhils (Northern Tuni-
sian Tell), the Teboursouk Mountains (Tunisian High-Tell),
and in March 2020, in the Tunisian Dorsal (Fig. 1; Table 1).
The Northern Tunisian Tell is situated in the humid Mediter-
ranean bioclimatic area (INRF 1975). Kroumiria is bordered
to the North by the Mediterranean Sea, to the South by the
Mejerda Valley (the country’s principal permanent river flow-
ing along a Southwest-Northeast axis), to the West by the
National Park of El Kala (in the Algerian wilaya of El Tarf),
and to the East by the Mogods. Kroumiria is a mountainous
massif, culminating at Jbel El Ghorra (1203 m a.s.1.) on the
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Algerian-Tunisian border, and is dissected by deep valleys.
Geologically, it belongs to the domain of Numidian clay and
sandstone flysch of Oligocene age and is the wettest region of
Tunisia (1000-1500 mm/year). The vegetation is dominated by
zeen oak (Quercus canariensis Willd.) forest in the Supra- and
Meso-Mediterranean vegetation belt and by cork oak (Quercus
suber L.) forest in the Thermo-Mediterraneann vegetation belt.
South of the Mogods, the Hedhils are an eroded limestone
range rising no higher than 700 m and covered by degraded
formations of olive trees (Olea europaea L. var. sylvestris (Mill.)
Lehr) and mastic pistachio trees (Pistacia lentiscus L.).

Further South in the Northeast of the Tunisian High Tell,
the Teboursouk Mountains are bordered to the North and
to the East by the plains of the Mejerda Valley, to the South
by the Tunisian Dorsal, and to the West by the Tessa Wadi.
This hilly limestone region culminates at Jbel Gorraa (963 m
a.s.l.). It is mainly characterised by a semi-arid bioclimatic
environment that becomes sub-humid in the highest areas,
more exposed to humid winds (INRF 1975). The vegetation
is dominated by matorrals of Aleppo pine (Pinus halepensis
Mill.) that is associated in places with holm oak (Quercus ilex
L. subsp. ballota (Desf.) Samp.).

The Tunisian Dorsal constitutes the Eastern extension of
the Saharan Atlas and runs on a Southwestern-Northeastern
axis. This mountain range extends over the North-Central part
of the country and is characterised by generally decreasing
altitudes from Jbel Chambi (1544 m a.s.l.) near the Algero-
Tunisian border to Jbel Bou Kornine (576 m a.s.l.) near the
Cap Bon peninsula. It presents a succession of more or less
aligned limestone mountain massifs alternating with large
glacis characterised by gentle slopes traversed by numerous
wadis embedded in sediments. The Tunisian Dorsal is primarily
located in a semi-arid bioclimatic zone, but locally, the sum-
mits of certain reliefs benefit from a sub-humid bioclimate
(INRF 1975). The vegetation is dominated by Aleppo pine
forests, mixed with continental red juniper (Juniperus turbinata
Guss.), and often associated with holm oak on the reliefs.

RESULTS

As a result of the study, we report three mosses and one liver-
wort new to Tunisia and mainland Africa. Based on literature
counts (Ros et al. 2007, 2013; Ellis ez al. 2017, 2018, 2019,
2021; Hugonnot e al. 2020; Ben Osman ez al. 2021), and
including the additions reported here, the bryophyte flora of
Tunisia now comprises 334 taxa (238 mosses, 92 liverworts
and 4 hornworts).

Family ORTHOTRICHACEAE Arn.
Genus Orthotrichum Hedw.

Orthotrichum bistratosum (Schiffn.) J.Guerra

SPECIMENS EXAMINED. — Tunisia, High Tell, Beja Governorate,
Delegation of Thibar: Djebba (36°28'15.20”N, 09°05°57.03”E;
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Fic. 1. — Location of the studied sites. The site code designation is given in Table 1.

620 m a.s.l; site 2019-104), 13.1V.2019, leg. Imen Ben Os-
man, Vincent Hugonnot, TUN2019-280; Tunisia, Northern
Tell, Beja Governorate, Delegation of Beja North: Jbel Ze-
bla (36°49°23.60”N, 09°15°36.91”E, 552 m a.s.l; site 2019-
106), 13.1V.2019, leg. Imen Ben Osman, Vincent Hugonnot,
TUN2019-281.

DISTRIBUTION. — S Europe (France, Spain, Greece; Ros ez /. 2013;
Lara & Garilleti 2014; Ellis ez al. 2016); SW Asia (Iraq, Israel, Syria
and Turkey; Kiirschner & Frey 2020).

FLORISTIC ELEMENT. — Mediterranean.

HABITAT

Cultivated slope (fig tree, pomegranate...) and xerophytic
scrubland on dry, exposed limestone rocks. The vascular
plant communities are mainly composed of grazing-resistant
species. In Tunisia, Orthotrichum bistratosum was accompa-
nied by mundane xerophytic taxa: Encalypta vulgaris Hedw.,
Grimmia orbicularis Bruch ex Wilson, G. pulvinata (Hedw.)
Sm., Orthotrichum anomalum Hedw., Syntrichia montana
Nees, Tortella nitida (Lindb.) Broth., Tortula muralis Hedw.,
Trichostomum brachydontium Bruch and Weissia condensa
(Voit) Lindb.

CRYPTOGAMIE, BRYOLOGIE + 2021 - 42 (16)

At the Djebba site, tourism is particularly high and wor-
rying since walkers may pull out moss cushions and ascend
along rock outcrops, severely damaging lithophytic com-
munities, as can be observed on site. Organising and limited
public access through fencing and accompaniment by guides

would be desirable.
This species had abundant sporophytes at each locality.

COMMENTS

Orthotrichum cupulatum Brid. var. bistratosum Schiffn. was
raised to species rank by Guerra (1985) and this status has
been confirmed by Lara & Garilleti (2014). Orthotrichum
bistratosum is characterised by immersed sporophytes with
cryptopore stomata, spreading exostome, uniformly bistra-
tose lamina in the apical half of leaves, partially bistratose
to unistratose to base. The leaf margins occasionally appear
swollen with 3-4-stratose patches. The typical jet-black colour
may be much less pronounced in Tunisian material than in
material from other parts of its range. We have verified that
this characteristic is not associated with the more unistratose
patches of lamina and therefore consider it to be linked to
phenotypic variation.
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TaBLE 1. — Location and bioclimatic characteristics (INRF 1975) of the species’ collecting sites.

Taxon Site

Bioclimate Region

Orthotrichum bistratosum (Schiffn.) J.Guerra
Orthotrichum bistratosum
Pseudotaxiphyllum elegans (Brid.) Z.lwats.
Saccogyna viticulosa (L.) Dumort.

Tortula protobryoides R.H.Zander

Djebba (2019-104)
Jbel Zebla (2019-106)
Oued Zen (2019-20)
Oued Zen (2019-20)
Kesra (2020-17)

Temperate subhumid
Lower humid

Teboursouk Range (N.E. High-Tell)
Hedhils (Calcareous Northern Tell)
Upper humid Kroumiria (Sandstone N Tell)
Upper humid Kroumiria (Sandstone N Tell)
Subhumid altitude fresh  Tunisian Dorsal

Family HYPNACEAE Schimp.
Genus Pseudotaxiphyllum Z Iwats.

Pseudotaxiphyllum elegans (Brid.) Z.Iwats.

SPECIMENS EXAMINED. — Tunisia, Kroumiria, Jendouba Governorate,
Delegation of Fernana: Oued Zen (36°48°43.08"N, 08°50°41.33”E;
368 m a.s.l; site 2019-20), 04.1V.2019, leg. Imen Ben Osman,
Vincent Hugonnot, TUN2019-282.

DISTRIBUTION. — Widespread in Europe, rare in the Mediterranean
region (Ros e al. 2013; Hodgetts & Lockhart 2020); Tristan da
Cunha (Ochyra & Pldsek 2020); Asia (E Russia, Turkey; Afonina
2004; Cherniad”eva 2012; Oren et al. 2012); N and S America
(Hoe 1979; Ireland & Buck 2009; Ireland 2014).
Pseudotaxiphyllum elegans is also mentioned in “Afr 17 (which cor-
responds roughly to North Africa) by Wijk ez a/. (1964), but it is not
cited either in the checklist of Northern Africa (Ros ez 2/. 1999) and
the Mediterranean region (Ros ez al. 2013), nor in O’Shea (1995).
Therefore, we consider this record as doubtful.

FLORISTIC ELEMENT. — Pan-Holarctic, having a strongly disjoined
suboceanic boreo-temperate range in the Northern Hemisphere
(bipolar species).

HABITAT

Transitional zone between alder riparian gallery and zeen
oak forest on the higher banks of a permanent wadi and on
soil between sandstone rocks. The forest canopy is composed
of Alnus glutinosa (L.) Gaertn., Quercus canariensis and Ilex
aquifolium L.

The habitat of Pseudotaxiphyllum elegans in Tunisia is similar
to that in Europe (Blockeel ez a/. 2014). This species usually
occurs in acid forest stands where it grows on soil around the
bases of trees, on sheltered banks, and also commonly on and
among rocks, both on raw humus and over bare surfaces. The
alder swamps and riparian forests of Kroumiria are known to
host a variety of vascular plants with Northern affinities, as
previously emphasised by Braun-Blanquet (1953). The occur-
rence of several sterile bryophytes of Northern-Oceanic affinity
in the Oued Zen Valley (Heterocladium flaccidum (Schimp.)
AJ.E.Sm., Lothecium myosuroides Brid., Lophocolea fragrans
(Moris & De Not.) Gottsche, Lindenb. & Nees, etc.) offers
a strong argument for the ancient origin of these populations
associated with sexual depletion (Hugonnot ef a/. 2020).

REMARKS
At present, the Oued Zen Valley is legally protected (National
Park of Oued Zen), but illegal cutting trees by local residents

could threaten this site of high conservation value.
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The Tunisian population of Pseudotaxiphyllum elegans was
sterile. It was present only very locally over a few cm?, the
population consisting of several tenths of stems.

COMMENTS

The Tunisian specimens do not deviate significantly from
European ones. They are typically small, with strongly
Plagiothecium-like complanate leaves, have filamentous

pseudoparaphyllia and caducous axillary branchlets (Cano
2018).

Family SACCOGYNACEAE Heeg
Genus Saccogyna Dumort.

Saccogyna viticulosa (L.) Dumort.

SPECIMEN EXAMINED. — Tunisia, Kroumiria, Jendouba Governorate,
Delegation of Fernana: Oued Zen (36°48°43.08"N, 08°50°41.33”E;
394 m a.s.l; site 2019-20), 04.1V.2019, leg. Imen Ben Osman,
Vincent Hugonnot, TUN2019-61.

DISTRIBUTION. — Mediterranean (Ros ez /. 2007) and W Europe
including Macaronesia (Hodgetts & Lockhart 2020); SW Asia
(Kiirschner & Frey 2020).

FLORISTIC ELEMENT. — Oceanic Southern-Temperate.

HABITAT
Alnus glutinosa riparian gallery, on higher banks of a perma-
nent wadi, on earth-covered sandstone rocks.

The West European ecology of the species seems to concur
with the unique Kroumirian population known to date. Sac-
cogyna viticulosa is typical of shaded habitats, found in damp
ledges, banks, and among rocks in wooded low-lying ravines,
in areas where some water seepage typically exists (Blockeel
etal. 2014).

It has been observed as sterile stands (no gametangia
or sporophyte) as is usual in oceanic Europe. This species
occurred abundantly as dense stands of shoots that covered
several m?.

This isolated North-African population is probably relict-
ual (see Pseudotaxiphyllum elegans). The threats are essentially
linked to illegal woodland exploitation.

COMMENTS

A large and unmistakable leafy liverwort, growing as extended
prostrate mats, with opposite leaves and large orbicular-
acuminate underleaves (Paton 1999).
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Family POTTIACEAE Hampe
Genus Zortula Hedw.

Tortula protobryoides R.H.Zander

SPECIMEN EXAMINED. — Tunisia, Tunisian Dorsal, Siliana Gov-
ernorate, Delegation of Kesra: Kesra-Plateau (35°49’31.03”N,
09°21°50.13”E, 1069 m a.s.L; site 2020-17), 11.111.2020, leg. Imen
Ben Osman, Vincent Hugonnot, TUN2020-7.

DISTRIBUTION. — Widespread in Europe including Macaronesia,
rare in the Mediterranean region (Ros ez a/. 2013; Hodgetts &
Lockhart 2020); W Asia (Kiirschner & Frey 2020); NW America
(Zander & Eckel 2007).

FLORISTIC ELEMENT. — European temperate.

HABITAT

In grykes of horizontal karstic pavement, on a compacted
substrate, in a ruderal habitat, subjected to strong overgraz-
ing. The vascular vegetation comprises a rupicolous commu-
nity anchored on rock outcrops, mixed with a very degraded
holm oak forest (Quercus ilex subsp. ballota) characterised by
numerous grazing-resistant species.

In Europe, Tortula protobryoides also grows in calcareous
habitats on compacted soil, chalky banks, tracks, and paths,
and chalky soil disturbed by roads (Blockeel ez a/. 2014). In
Tunisia, associated species are ruderal: Bryum argenteum Hedw.,
Didymodon acutus (Brid.) K.Saito and Microbryum Schimp. spp.

Tunisian colonies were fertile (a few sporophytes present).
The species was very scattered, with only a few stems.

As a pioneer species, Tortula protobryoides may certainly
benefic from being trampled by grazing stocks, but for the
Tunisian population, overgrazing is particularly intense and
may not be compatible with the long-term conservation even
of taxa adapted to disturbance. Monitoring would be desirable
in such a situation to determine whether 7. protobryoides can
withstand such destructive grazing.

COMMENTS

Tortula protobryoides is mainly characterised by sporophytic
characters. It has a relatively short seta, making ovoid urn
slightly exceeding upper perichetial leaves, and stegocarpic
capsules, with rudimentary peristome and persistent rostrate
operculum (Guerra 20006).

DISCUSSION

Tunisia is a small country, covering 163 610 km?. This is
the equivalent of only 6.87 % of the surface of Algeria and
36.64 % of that of Morocco. Moreover, Tunisia is less topo-
graphically and latitudinally extended than these two coun-
tries (Bernard 1937; Troin 1985). It is therefore unusual to
report four bryophyte taxa new for Africa in the smallest and
physiographically least diversified Maghreb country. Tunisia
is undoubtedly very much underexplored from the point of
view of its bryoflora, and much remains to be done before
we can evaluate its true bryological richness.

CRYPTOGAMIE, BRYOLOGIE + 2021 - 42 (16)
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The newly recorded taxa were collected from radically dis-
tinct habitats in contrasting ecological situations that raise
specific conservation issues. Pseudotaxiphyllum elegans and
Saccogyna viticulosa occur on stream margins in forested val-
leys. Given their distinctive habitat, they have until now been
relatively free from anthropogenic pressure. Unfortunately,
these types of habitats now face multiple threats. After the
2011 Tunisian popular uprising, the near absence of forestry
service controls led to massive illegal logging (Souli, https://
www.vice.com, 2016; Kalboussi, https://nawaat.org, 2020).
The situation has recently deteriorated during the Covid-19
lockdown (Raynal, https://reporterre.net, 2020).

Overgrazing is the second principal threat to natural habi-
tats in North Africa (Swift 1996; Winslow & Thomas 2007)
leading to desertification in arid regions (Nedjraoui & Bédrani
2008). This affects the habitat of Tortula protobryoides, which
is severely degraded by wandering cattle and sheep that are
penetrating increasingly and illegally into protected areas.

By contrast, Orthotrichum bistratosum is a rock-dwelling
species that may be less affected by anthropogenic activi-
ties given the inaccessibility of its habitat. Unfortunately,
sites — waterfalls, impressive cliffs, etc. — that are attractive
to tourists are also sites of high bryodiversity. Touristic
activities may cause damage either directly (trampling, pol-
lution, etc.) or indirectly (construction of pathways, cliff
stabilisation, etc.).

In this context of excessive pressure on bryophyte habitats,
a new checklist of Tunisian bryophytes is urgently needed.
Using this as a starting-point, the IUCN threat status could
be evaluated for each taxon and a Red List drawn up with the
hope of conservation actions in the near future.
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