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roglodytic dwellings are a widespread
type of architecture, usually carved out
of soft rocks. Since prehistoric times,
they have been put to a variety of uses including
shelter, permanent human habitation, and as
wine cellars. There are numerous examples of
troglodytic dwellings in France, with the best ones
occurring in the Loire (e.g. Anjou, Vendômois),
Seine and Dordogne valleys and in Provence.
They are also present in the Auvergne region but
here these dwellings are much more localised
and less well known. In Auvergne, troglodytic
dwellings are carved out of sedimentary rocks
or, more often volcanic rocks. The most notable
sites are located near Clermont-Ferrand, in La
Limagne and surroundings, with Veyre Monton
dwellings made in volcanic tufa, and those of La
Roche Blanche carved into the limestone cliffs.
Perrier is a very famous geological site because
here the rock strata alone sum up the volcanic
activity of the entire region. In the Oligocene
plain of Limagne, the paleo-Allier ran from
South to North and deposited cobbles and
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later finer sediments, mostly sand. 30 km away
the stratovolcano of Monts Dores filled with a
gigantic, very violent and destructive mudslide
(called lahar) the paleo-valley of Allier. The
lahar consists of a whitish ashen cement with an
abundance of irregular basaltic blocks. This is the
so-called ‘Conglomérat de Perrier’. The lahar is
more than 85 m thick! (Gachon & Bout, 1935;
Peterlongo, 1978).
There are at least 300 caves, carved mostly
in the sediment layers of the paleo-Allier,
beneath the lahar (Fig. 1). The caves were used
as dwellings by Homo habilis some 2.6 M years
ago and, since then, have seen many successive
generations of inhabitants. 17 families lived in
the caves during the XIX century and the last
inhabitant left in 1945 (Fig. 2). The ‘Association
pour la Sauvegarde du Patrimoine de Perrier’
(ASPP) was formed in 1997; its primary
objectives include protecting architectural,
social and cultural heritage and making that
heritage known and accessible.
Nowadays, the Perrier site is one of the most

Perrier site (Puy-de-Dôme,
Auvergne, France) and the
conservation of troglodytic
bryophytes
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the unique bryophyte community on the lahar of troglodytic
dwellings and the challenges facing its conservation
rFigure 1. Perrier site in Puy-de-Dôme and the troglodytic caves. F. Pépin

outstanding and intact examples of a troglodyte
settlement in the Auvergne region. However,
the lahar and associated geologic strata are
intrinsically very unstable. A close examination
of old postcards revealed that cliffs have retreated
by more than 1.5 m since 1900 leading to the
collapse of ceilings and filling of the caves on
numerous occasions (Fig. 3). Free public access
results in severe trampling which speeds up
deterioration. Robinia pseudoacacia trees which
grow under the edge of cliffs have a stabilising
effect and also act as an “anti-rocks umbrella”;
however, shrub encroachment is seen negatively
because it blocks access to the caves, so much
so that shrub removal is organised locally. Cliff
erosion clearly represents a serious threat to
this heritage site, thus the ASPP has devised a
conservation strategy which includes a suite of
measures aimed at stabilising the cliffs by, for

example, consolidating the supporting walls of
caves (Fig. 4). Although clearly needed, these
measures have, so far, completely ignored the
remarkable assemblage of mosses that occur at

wFigure 2. An old postcard showing ancient dwellings and
vineyards.
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rFigure 3, right. Natural obliteration of a cave. F. Pépin. rFigure 4, right. Masonry works in Perrier site. F. Pépin

this site and that, by and large, actually benefit
from cliff erosion.
The bryoflora of the entire site was thoroughly
investigated by the authors in 2014. The site
comprises a variety of habitats most of which
sFigure 5. A colony of Didymodon cordatus Jur. F. Pépin
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support a rather unspecialised and ordinary
assemblage of bryophytes. Thus the cave walls are
colonised by Tortula muralis, Grimmia pulvinata,
Bryum radiculosum, Barbula unguiculata,
Didymodon vinealis, Homalothecium sericeum
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and Hypnum cupressiforme var. cupressiforme. The
basaltic rocks in eutrophic Robinia pseudoacacia
and Fraxinus excelsior woodlands are dominated
by Brachythecium rutabulum, Dicranum
scoparium, Porella platyphylla, Frullania dilatata,
Homalothecium sericeum, Bryum capillare,
Rhynchostegium confertum, Radula complanata

and Amblystegium serpens. The grasslands
and scrub edges (‘ourlet’ or ‘saum’), which
cover a significant part of the site, support
Homalothecium lutescens, Abietinella abietina
var. abietina, Rhynchostegium megapolitanum,
Rhytidium rugosum and Racomitrium elongatum.
The small clearings around the site are home
to Weissia controversa, W. longifolia, Tortula
modica and Phascum cuspidatum var. cuspidatum.
The overtopping basalt flow is dominated by
large colonies of Grimmia ovalis and Grimmia
laevigata, with patches of Syntrichia montana var.
montana, Orthotrichum anomalum and mats of
Homalothecium sericeum or Leucodon sciuroides - a
typical community of basaltic outcrops. Volcanic
ashes are home to Tortula atrovirens, Didymodon
vinealis, Bryum argenteum, Aloina aloides and the
rare Bryum gemmiferum.
However, much more impressive and
interesting is the bryoflora associated with the
volcanic lahar. The most noteworthy assemblage
of specialised taxa occupies insolated and crumbly
sFigure 6. A colony of Grimmia plagiopodia Hedw. F. Pépin
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Table 1. Associates of Grimmia plagiopodia on lahar
Taxon
Grimmia ovalis

52.6

Grimmia pulvinata

47.4

Grimmia laevigata

42.1

Tortula atrovirens

36.8

Tortula muralis

31.6

Leucodon sciuroides

26.3

Bryum argenteum

31.6

Crossidium squamiferum var. squamiferum

15.8

Orthotrichum anomalum

10.5

Didymodon vinealis

10.5

Syntrichia montana var. montana

10.5

Pleurochaete squarrosa

5.3

Syntrichia ruralis var. ruralis

5.3

Hypnum cupressiforme var. cupressiforme

5.3

Weissia controversa

5.3

Pseudocrossidium revolutum

5.3

Didymodon cordatus

5.3

rock strata and includes: Didymodon cordatus,
Tortula atrovirens and Grimmia plagiopodia.
Another rarity, Conardia compacta, is found in
deep shade in humid caves. Didymodon cordatus
(Fig. 5), Tortula atrovirens, Grimmia plagiopodia,
together with a few more taxa (Pterygoneuron
ovatum, the doubtfully distinct P. crossidioides,
and Acaulon triquetrum) are recorded also from
other troglodytic sites in Auvergne and thus may
be considered to be volcanic lava flow specialists.
Grimmia plagiopodia (Fig. 6) is a bipolar
species, with the bulk of the records located in
temperate regions of the Northern Hemisphere.
In Europe, it has a scattered distribution, from
the Pyrenees to North Scandinavia. In France,
34
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G. plagiopodia is very rare, largely restricted to
the Auvergne region except for a few records
from the Pyrenees (Fig. 7). It has been known
for a long time in Auvergne (Héribaud, 1899),
where it was observed near the alpine summits
of Monts Dores (Puy-de-Dôme); at low altitude
it was described as G. plagiopodia var. arvernica,
which is now considered a hoary form without
taxonomic status (Greven, 2003). Epilose ecads
are not recorded in the region. G. plagiopodia
is a European red listed-species with rare status
(ECCB, 1995).
Although able to colonise various types of
rocks, in the Auvergne region G. plagiopodia
prefers brittle acid rocks, mostly basaltic

rFigure 7. Distribution of Grimmia plagiopodia Hedw. in Auvergne (red dot: post-1980 record; open blue circle: pre-1980
record).

“brèche”, which have some of the fragility and
microporosity typical of sandstone, a substrate
for which this species has a high degree of affinity
(Loeske, 1930). Like related species e.g. Grimmia
crinita (Greven, 2011) and G. anodon (Héribaud,
1899; Boudier, 1987, 1990), it is not rare to find
it growing on old constructions, particularly on
weathered mortar (Loeske, 1930).
Associates of G. plagiopodia on the lahar
were recorded systematically (Table 1). These
represent a heterogeneous floristic assemblage
and include: basalt-loving species (Grimmia
ovalis, G. laevigata) growing on scattered hard
blocks in the cement; sun-loving species growing
in cracks filled with soil (Tortula atrovirens,

Bryum argenteum); ubiquitous species capable
of colonising all types of substrate (Hypnum
cupressiforme, Tortula muralis).
Didymodon cordatus is a rare associate of
Grimmia plagiopodia most likely because it
requires cement with finer texture. Grimmia
plagiopodia was found on the southern exposure
in 74% of cases and in 20% on the southwestern
and southeastern exposures. In only one instance
was the species observed on the western exposure.
The mostly southern exposure of the hillside
accounts for drier and warmer conditions than
in the rest of the site. Crossidium squamiferum
appears to have an even greater demand than G.
plagiopodia for hot and dry microhabitats and
FieldBryology No112 | Nov14
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vFigure 8. Bryological community on the lahar. F. Pépin

differently from Grimmia plagiopodia which
colonises steep slopes (mean 61, 3 deg, σ = 14.2);
it avoids vertical inclines. Thus C. squamiferum
requires a particular type of microhabitat, which
is unstable but not too frequently denuded,
while Grimmia plagiopodia behaves as a pioneer
species unable to tolerate shade or competition.
Grimmia plagiopodia is a monoicous species
with frequent and abundant sporophytes. It
most likely relies on massive spore production to
recurrently colonise new microhabitats created
by the natural erosion of lahar surfaces by rain,
wind and frost damage.
The bryophyte assemblage observed at the
Perrier site (Fig. 8) corresponds reasonably
well to the bryophytic association described by
Marstaller (1980) and referred to as Grimmietum
plagiopodiae Marst. 1980. It is characteristic
of very dry basic sandstone outcrops exposed
to direct sunlight, and comprises both
Mediterranean and Continental floristic elements
(Marstaller, 1989, 1992). Here in Auvergne, the
36
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substrate is slightly less calcareous and made of
a considerable proportion of basaltic blocks,
which accounts for a more acidic bryoflora (e.g.
Grimmia laevigata, G. ovalis).
Conardia compacta (Fig. 9) is another
European Red Listed species (ECCB, 1995).
It is widely distributed in the northern
hemisphere but nowhere frequent. In France,
most populations are recorded from Auvergne
salted petrifying springs with a few records
known from the Alps, where it occurs on
dolomite rocks. In Perrier, Conardia compacta
is restricted to deep dripping caves carved back
into the alluvial sediment cliffs where there is
little competition. This species relies entirely
on the production of filamentous propagules
for dispersal as sporophytes are unknown
in Europe. Calypogeia arguta, Eucladium
verticillatum, Gymnostomum calcareum, Pohlia
melanodon, Bryum radiculosum, Rhynchostegiella
tenella and Leptobryum pyriforme were found
growing with C. compacta or in other moist
caves. Unfortunately construction equipment
used by the site restoration team is stored in
several caves where Conardia compacta thrives.
It is clear that all the competing goals – site
preservation, public access and bryophyte
conservation – need to be integrated into a
coherent management action plan. Moist caves
should be freed from construction equipment,
which could be easily moved and stored in dry
ones - notably devoid of any bryophytes. The
population of the invasive Robinia pseudoacacia
should be contained as it casts shadow and
produces litter, both deleterious for sun-loving
Grimmia plagiopodia and Didymodon cordatus.
The most important action to protect the more
specialised bryophyte taxa of this site would be to
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abandon the cliffs to a natural regime of erosion.
Since this is almost entirely incompatible with
the conservation of the troglodyte houses and
caves, this approach should be restricted to those
parts of the site where caves are already damaged
beyond restoration and that are not accessible
to the public. Monitoring of the populations of
Grimmia plagiopodia, Didymodon cordatus and
Conardia compacta should then be carried out
in the near future to evaluate how effective these
proposed actions are for their conservation.
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