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SUMMARY
The methods and criteria used for the identification of bryophytes from the peat deposits of four ombrotrophic
mires in northern Spain are presented. Two liverworts and fifteen moss taxa were recorded. Twelve were
identified to species level, two to genus level (Polytrichum sp., Campylopus sp.) and another to section level
(Sphagnum sect. Acutifolia). All taxa were identified from their vegetative remains, mainly leaves. Only
sporangia of Sphagnum species were recorded. Descriptions of the most relevant characters for taxa
identifications are shown, accompanied by illustrations that facilitate their interpretation. A dichotomous
identification key is also provided.
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INTRODUCTION
Bryophyte remains frequently constitute an
important part of the identifiable peat components
which can provide detailed information on the local
peat forming vegetation, mainly in conjunction with
other plant macrofossils. Bryophytes are more
specific indicators of environmental changes along
peat cores than vascular plants, because their lack of
deep rooting systems means that all sub-fossil
remains from the same plant are usually located at the
same depth.
Compared to vascular plants, the decomposition
rates of mosses are relatively low, most probably due
to the existence of recalcitrant cell wall components
and secondary metabolites acting as antiherbivore/
compounds. According to Glime (2006), water (low
levels of oxygen) seems to be the primary abiotic
factor affecting decomposition rate, together with
other factors such as pH or temperature and biotic
factors such as cell constituents, bryophyte species
and available microorganisms.
Bryophyte
decomposition rates in peat can vary widely (Glime
2006). While Clymo (1965) considered that
microorganisms are the chief agents in Sphagnum
decomposition, Frankland (1974) stated that the
acidic conditions in most Sphagnum habitats hamper
bacterial growth and Dickinson & Maggs (1974)
observed that fungi were apparently active,
especially in the superficial layers of peat, in the
decomposition of the Sphagnum leaves. Most of
these and other publications on decomposition of

peat mosses have been the result of field
experimental studies. In general there is a lack of
comprehensive information about the different states
of decomposition observed in the remains of moss
species identified in many palaeobryoflora studies,
and this should be corrected in order to facilitate
future identifications of sub-fossil bryophytes.
Compared to mosses, the remains of liverworts
are much rarer in peat samples due to selective
preservation, which causes them to be underrepresentated in fossil assemblages (Janssens 1983).
Few liverwort species have been recorded as
macrofossils in peat deposits (Klinger 1968, GrosseBrauckmann 1974, van Geel 1978, Miller 1984).
Local palaeoflora reconstructions have been
based on subfossil moss studies because bryophyte
remains are usually preserved in the place where they
lived and subsequently died (Dickson 1973 and
references therein, Birks 1982). Dickson (1986) and
Janssens (1988, 1990) reviewed the literature on
palaeoenvironmental reconstructions with fossil
bryophytes. Bryophyte macrofossil data have been
used to provide water table depth and pH
reconstructions (Gorham & Janssens 1992, Mitchell
et al. 2013). The former forms the basis for
palaeoclimate
reconstructions
using
plant
macrofossils from rain-fed peat bogs (Rehell &
Virtanen 2015). To date, knowledge of bryophyte
macrofossils in Spanish peatlands is very scarce
(Castro et al. 2015).
It is evident that any palaeoecological study
requires the fossils to be identified to the lowest
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possible taxonomic level. According to Birks (1982)
"bryophyte remains can be identified in much the
same way as modern bryophytes. Careful comparison
with accurately determined material, vouched for by
herbarium specimens, is essential". Very often,
subfossil bryophyte identifications are difficult due to
selective decomposition, but there are only few
references in the literature to the difficulties
encountered by researchers in achieving accurate
identifications at genus or species levels. Besides,
detailed descriptions and pictures of bryophyte
macrofossils are very scarce (Grosse-Brauckman
1974, Janssens 1990, Michaelis 2001, Mauquoy &
van Geel 2007). So, in the same way as in a previous
article on vascular plant macrofossils (Souto et al.
2016), the main objective of this article is to present
the moss macrofossils preserved in four peatlands in
northern Spain, with special emphasis on the
morphological characters that allow accurate
identifications to genus and species levels. The two
articles together provide a detailed picture of the local
palaeoflora of ombrotrophic bogs in northern Spain.
The information presented here will be useful not
only to increase knowledge about the European bog
palaeoflora, but also to facilitate future studies on
moss macrofossil identifications.

METHODS
Descriptions of the four studied bogs (Borralleiras de
Cal Grande, Chao de Veiga Mol, Pena da Cadela and
Zalama), as well as the methods used for peat
sampling and extraction of macrofossils, are
presented by Souto et al. (2016).
Bryophyte macrofossils were examined using an
Olympus SZ30 binocular microscope and a highpower light microscope (×400). DPX and Hoyer's
solution (Anderson 1954) were used to prepare the
microscope slides as permanent wet mounts. An
Olympus SC20 camera and a camera lucida, both
attached to the microscope, were utilised to obtain
photographs and drawings. Often, especially when
the remains were single Sphagnum leaves, cross
sections were made to enable careful study of the
form and disposition of the leaf cells. The exposure
of green cells on the dorsal (convex) and ventral
(concave) surfaces of Sphagnum leaves can be also
observed by constantly changing the microscope
focus but, for species identifications, this method is
less accurate than the analysis of cross sections.
Bryophyte remains were identified to the lowest
possible taxonomic level with the aid of a reference
collection, which comprised herbarium specimens
and microscope slides of the species which constitute

the present-day vegetation of the study sites, as well
as additional species encountered on other Spanish
and European bogs (see Souto et al. 2016 for more
detailed information). Keys, descriptions and
pictures from bibliographic sources were also
consulted (Grosse-Brauckmann 1974, Daniels &
Eddy 1990, Paton 1999, Michaelis 2001, Muller et al.
2002, Brugués et al. 2004, Smith 2004, Casas et al.
2006, Mauquoy & van Geel 2007).
Once the macrofossils had been identified they
were preserved in 70 % ethanol at 4 °C, in
hermetically sealed bottles. The bottles were then
arranged according the procedure described by Souto
et al. (2016) and stored in the Natural History
Museum of the University of Santiago de
Compostela.

RESULTS
Seventeen macrofossil taxa were recorded. These
were two liverwort and twelve moss species, together
with three other moss taxa identified to section or
genus level (Sphagnum sect. Acutifolia, Campylopus
sp. and Polytrichum sp.). Single leaves and stems
were very common, while large fragments of stems
with leaves ( ≥ 5mm) were scarce. The distinctive
characters are shown in and Figures A1–4 and Tables
A1–3 (Appendix).
In weakly decomposed peat the mosses were
usually well preserved, facilitating the study of
characters for their identification such as shape, size
and arrangement of the leaf cells, including those of
the central rib. Under more intensive decomposition
conditions, most of the remains were only stems
(sometimes with leaf scars) or leaf fragments. Under
the latter conditions the macrofossils were usually
identifiable to genus level only (i.e. Campylopus sp.,
Polytrichum sp.), because the diagnostic characters
necessary for specific identifications were lacking in
highly degraded macrofossils.
For many Sphagnum species, extensive
fragmentation precluded specific identifications.
Thus, Sphagnum leaves were often identified to
section level only, particularly those belonging to
section Acutifolia. Likewise, capsules and fragments
of stems and branches belonging to the genus
Sphagnum could not be assigned with certainty to
particular species because of the absence of specific
diagnostic characters (Figures A2a, b, c, d, f). For this
genus, leaf cross sections were usually necessary for
accurate specific identifications.
To summarise the diagnostic characteristics and
facilitate their use for species determinations, we
provide a dichotomous key (Box 1).
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Box 1. Dichotomous key for identification of the recorded bryophytes.
1. Leaves arranged strictly in two or three rows (two lateral and one in ventral side) .................................2 Liverworts
1. Leaves not strictly arranged in rows................................................................................................................3 Mosses
2. Leaves with acute apex, mid-leaf cells > 25 µm wide. (Figure A1g, h) .................................Calypogeia sphagnicola
2. Leaves rounded, mid-leaf cells < 25 µm wide. (Figure A1b, d) .............................................Odontoschisma sphagni
3. More or less entire leaves ............................................................................................................................................4
3. Leaves very degraded and fragmented (rectangular brown-reddish cells ) (Figure A4b).....................Polytrichum sp.
4. Leaves composed of green and hyaline cells ...............................................................................................................5
4. Leaves without the above characters …......................................................................................................................11
5. Leaves composed of network of green cells surrounding by hyaline cells with
annular thickenings (Figure A2k, l)..........................................................................................................6 (Sphagnum)
5. Leaves composed of two layers of hyaline cells and a central layer of
chlorophyllose cells (Figure A4o).......................................................................................Leucobryum juniperoideum
6. Inner walls of hyaline cells papillose (Figure A2n, o)………......……………….......................Sphagnum papillosum
6. Inner walls of hyaline cells not papillose (Figure A2k, l)…...………..………………..……..…………..….…….....7
7. Green cells section triangular to trapezoid (Figure A2g)..............................................................................................8
7. Green cells section elliptical, fully enclosed between the hyaline cells (Figure A2l)…….........Sphagnum compactum
8. Green cells broadly exposed on dorsal surface (Figure A2s)..........................................9 (Sphagnum sect. Cuspidata)
8. Green cells broadly exposed on ventral surface (Figure A2g).......................................10 (Sphagnum sect. Acutifolia)
9. Leaves ovate (Figure A2p)………………………………..…………….……………...……….....Sphagnum tenellum
9. Leaves lanceolate, apiculate (Figure A2t)...................................................................................Sphagnum cuspidatum
10. Margin 1–3 cells wide........................................................................................................(Sphagnum sect. Acutifolia)
10. Leaf margins denticulate (Figure A2h)...............................................................................................Sphagnum molle
11. Mid-leaf cells narrow, elongate, strongly sinuose and nodulose (Figure A4g)...................Racomitrium lanuginosum
11. Mid-leaf cells without this combination of characters…………………...…….…….…….………..…...................12
12. Mid-leaf cells narrowly elongated, about 10 times as long as wide.....................................................13 (Hypnaceae)
12. Mid-leaf cells rectangular, less than 10 times longer than wide................................................................................14
13. Leaves ovate-triangular, not falcate, with apex obtuse apiculate or sub-cucullate
(Figure A3o, q)....................................................................................................................... Calliergonella cuspidata
13. Leaves narrowly lanceolate, falcate with apex acuminate to filiform (Figure A3k, m)…..Hypnum cupressiforme s.l.
14. Mid-leaf cells polyhedral papillose ...........................................................................................................................15
14. Mid-leaf cells rectangular without papillae................................................................................................................16
15. Leaves lanceolate with margin entire and recurved (Figure A3c)..............................................Aulacomnium palustre
15. Leaves ovate with margins crenulate to denticulate and plane (Figure A3f)...........................Thuidium tamariscinum
16. Nerve broad, occupying 1/3–1/2 of leaf base width (Figure A4k)........................................................Campylopus sp.
16. Narrower nerve, occupying 1/10 of leaf width (Figure A4h).......................................................Dicranum scoparium

Only Sphagnum sect. Acutifolia and Hypnum
cupressiforme were recorded in all four bogs;
furthermore, these were the most frequent species
across all of the peat cores analysed (Table 1). Of the
other taxa identified, Sphagnum papillosum,
Sphagnum tenellum, Racomitrium lanuginosum and
Leucobryum juniperoideum were the only ones with
mean frequencies greater than 5 %.

DISCUSSION
Compared to more northern peatlands where
Sphagnum mosses dominate the flora and are the
main peat formers (Dickinson & Maggs 1974,

Granath 2012), Sphagnum moss macrofossils in the
peat stratigraphy investigated in this research were
usually less abundant, and vascular plants
macrofossils were instead frequently identified
(Souto et al. 2016). The shortage of bryophytes is
remarkable, but it may be due to hydrological
alterations (drainage) and land use changes.
However, in some samples from Chao de Veiga Mol
and Pena da Cadela, bryophyte remains constituted
more than 50 % of the peat components. For these
samples Sphagnum sect. Acutifolia and Hypnum
cupressiforme s.l. were generally the most abundant
mosses.
All species recorded as fossils were also found as
present-day bryophyte populations. For the mosses,
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Table 1. Relative frequencies (%) of the bryophyte macrofossils identified for each core series of the sampled
bogs (CVM: Chao de Veiga Mol; BCG: Borralleiras de Cal Grande; PDC: Pena da Cadela; ZAL: Zalama) and
for all sampled bogs (AVERAGE).
TAXON
Calypogeia sphagnicola
Odontochisma sphagni

PDC
3.2
-

ZAL
-

AVERAGE
0.8
0.3

6.0
-

32.3
10.8
18.3
22.6
12.9
-

1.5
15.9
-

23.7
26.6
2.7
4.7
13.9
8.6
0.6

13.8
0.9
2.6

2.2
5.4
24.7
14

3.8
6.8
5.3
6.8
6.1
1.5
-

1.7
0.6
18.5
1.3
1.7
9.1
0.4
0.2
7

CVM
1.3

BCG
-

Sphagnum sp.
Sphagnum sect. Acutifolia
Sphagnum molle
Sphagnum compactum
Sphagnum papillosum
Sphagnum tenellum
Sphagnum cuspidatum

81.4
52.1
0.4
33.1
21.6
2.5

Aulacomiun palustre
Thuidium tamariscinum
Hypnum cupressiforme
Calliergonella cuspidata
Polytrichum sp.
Racomitrium lanuginosum
Dicranum scoparium
Campylopus sp.
Leucobryum juniperoideum

3
47.9
5.5
11.4

there was good concordance between the present-day
flora and the palaeoflora. Liverworts were very
scarce or absent in the cores. This could be due to
their poor preservation, which causes their underrepresentation in subfossil assemblages (Birks 1982,
Janssens 1983). In agreement with GrosseBrauckmann (1974) liverworts do not play a
significant role as peat components, compared to the
mosses.
Most of the Sphagnum remains were single leaves
or small branch fragments, so species identifications
were often difficult and mainly based on leaf
branches because stems with leaves were usually
absent. Some branch leaf characteristics such as
shape, size, length to width ratio, pores or nature and
extent of marginal curling were very useful for
identifying Sphagnum leaves, but the taxonomic
value of these characteristics was frequently
insufficient for accurate identification to species or
even section level because they did not have precise
limits and their ranges overlapped. We examined leaf
cross sections whenever possible, as this was the
most effective method for studying the shapes and
dispositions of chlorophyllose and hyaline cells. In
the case of Sphagnum papillosum, transverse sections

of leaves were not necessary due to the obvious
presence of papillae on the internal walls of the
hyaline cells.
The abundance of leaves belonging to Sphagnum
section Acutifolia in all four bogs was proved by their
triangular photosynthetic cells, broadly exposed on
the ventral surface, in transverse section. Among the
species belonging to this section only Sphagnum
molle was identified reliably (in the core from Pena
da Cadela), due to the distinctive denticulate leaf
margins of this species. The photosynthetic cells of
the recorded species of section Cuspidata (Sphagnum
tenellum and Sphagnum cuspidatum) were similar to
those of the section Acutifolia species in that they
were triangular in transverse section, but they had
opposite arrangement with wider exposure on the
dorsal surface of the leaf. Among these species,
Sphagnum tenellum was distinguished by its shorter
leaves. All characters used for identification of the
Sphagnum species mentioned above, as well as those
used for Sphagnum compactum, are in agreement
with the bibliographic references for subfossil
samples (Grosse-Brauckmann 1974, Mauquoy & van
Geel 2007) and present-day specimens (Brugués et
al. 2004, Smith 2004, Casas et al. 2006).
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After Sphagnum section Acutifolia, the most
frequent and abundant moss in the peat cores was
Hypnum. cupressiforme s.l., a controversial
taxonomic complex which includes a wide range of
infraspecific taxa. Within our samples of this species,
we could not identify infraspecific taxa with
certainty.
The relatively good preservation state of stems
with leaves facilitated the identification of some
species as Aulacomnium. palustre, Thuidium.
tamariscinum, Calliergonella. cuspidata and
Racomitrium lanuginosum. Although, according to
Grosse-Brauckmann (1974), Aulacomnium palustre
leaf cells often have star-shaped lumens due to
nodular wall thickenings, we observed in this species
that most of the cells had rounded lumens, in
agreement with Smith (2004) for present-day
material and Mauquoy & van Geel (2007) for
subfossil samples.
The Polytrichum sp. remains from the Zalama bog
are a good example of the selective decomposition
process that affects many mosses. As previously
noted by Grosse-Brauckmann (1974), the most
typical and frequent conservation of Polytrichum
leaves was as isolated leaf sheath remains, sometimes
with small and degraded lamina fragments
(Figure A4a). The Zalama leaf remains had brownreddish cells, much longer than broad at the base of
the leaf and approximately trapezoidal at the top
(Figure A4c, d).
Finally we wish to emphasise that, although it is
often considered that subfossil bryophytes can be
identified using methods similar to those employed
for modern material (even using the same keys), it is
important to know how decomposition processes
affect the stems and leaves of different species in
order to understand which of the characters preserved
in fossilised samples are most valuable for
identifying them. For example, one of the most
distinctive characters of living Racomitrium
lanuginosum, commonly used in identification keys,
is that each leaf is elongated into a long, decurrent,
strongly papillose hyaline point; but in fossilised
samples the hyaline point is often lost or very
degraded, so the shape of the leaf cells is more useful
than the presence or absence of the hyaline leaf point
for identifying fossil remains belonging to the genus
Racomitrium.

ACKNOWLEDGEMENTS
We thank Dmitri Mauquoy, Bas van Geel and Guido
van Reenen for helpful reviews of this manuscript,
and Matthew Mole for revisions of English language.

REFERENCES
Anderson, L.E. (1954) Hoyer's solution as a rapid
permanent mounting medium for bryophytes. The
Bryologist, 57, 242–244.
Birks, H.J.B. (1982) Quaternary bryophyte
palaeoecology. In: Smith, A.J.E. (ed.) Bryophyte
Ecology, Chapman & Hall, London, 473–490.
Brugués, M., Muñoz, J., Ruiz, E. & Heras, P. (2004)
Sphagnaceae. In: Guerra, J & Cros, R.M. (eds.)
Flora Briofítica Ibérica (Iberian Bryophyte
Flora), Volume 1, Sociedad Española de
Briología, Murcia, 1–79 (in Spanish).
Casas, C., Brugés, M., Cross R.M. & Sérgio, C.
(2006) Handbook of Mosses of the Iberian
Peninsula and the Balearic Islands. Institut
d'Estudis Catalans, Barcelona, 349 pp.
Castro, D., Souto, M., Garcia-Rodeja, E.,
Pontevedra-Pombal, X. & Fraga, M.I. (2015)
Climate change records between the mid- and late
Holocene in a peat bog from Serra do Xistral (SW
Europe) using plant macrofossils and peat
humification
analyses.
Palaeogeography,
Palaeoclimatology, Palaeoecology, 420, 82–95.
Clymo, R.S. (1965). Experiments on breakdown of
Sphagnum in two bogs. Journal of Ecology, 53,
747–758.
Daniels, R.E. & Eddy, A. (1990) Handbook of
European Sphagna, second edition. HMSO,
London, 284 pp.
Dickinson, C.H. & Maggs, G.H. (1974) Aspects of
decomposition of Sphagnum leaves in an
ombrophilous mire. New Phytologist, 73, 1249–
1257.
Dickson, J.H. (1973) Bryophytes of the Pleistocene:
The British Record and its Chronological and
Ecological Implications. Cambridge University
Press, Cambridge, 256 pp.
Dickson, J.H. (1986) Bryophyte analysis. In:
Berglund, B.E. (ed.) Handbook of Holocene
Palaeoecology and Palaeohydrology. J. Wiley &
Sons Ltd., Chichester, 627–643.
Frankland, J.C. (1974) Decomposition of lower
plants. In: Dickinson, C.H. & Pugh, G.J.F. (ed.)
Biology of Plant Litter Decomposition, Volume 1,
Academic Press, New York, 3–36.
Glime, J.M. (2006) Chapter 13 Decomposition. In:
Glime, J.M. (ed.) Bryophyte Ecology, Volume 1:
Physiological Ecology. Michigan Technological
University, Botanical Society of America and the
International Association of Bryologists, 1–10.
Online
at:
http://www.bryoecol.mtu.edu/,
accessed 20 Oct 2016.
Gorham, E. & Janssens, J.A. (1992) Concepts of fen
and bog re-examined in relation to bryophyte

Mires and Peat, Volume 19 (2017), Article 02, 1–12, http://www.mires-and-peat.net/, ISSN 1819-754X
© 2017 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2016.OMB.263
5

M. Souto et al. HOLOCENE PLANT MACROFOSSILS FROM NORTHERN SPAIN: BRYOPHYTES

Braunmoosen aus Torfen anhand einzelner
cover and the acidity of surface waters. Acta
Blättchen (Key for the identification of brown
Societatis Botanicorum Poloniae, 61, 7–20.
mosses from peats based on single leaves). Telma,
Granath, G. (2012) Peatland Bryophytes in a
31, 79–104. (in German).
Changing Environment: Ecophysiological Traits
Miller, N.G. (1984) Tertiary and Quaternary fossils.
and Ecosystem Function. Acta Universitatis
In: Schuster, R.M. (ed.) New Manual of Bryology,
Upsaliensis, Digital Comprehensive Summaries
Hattori Botanical Laboratory, Nichinan, Japan.
of Uppsala Diussertations from the Faculty of
1194–1232.
Science and Technology 889, Uppsala, 38 pp.
Mitchell, E.A.D., Payne, R.J., van der Knaap, W.O.,
Grosse-Brauckmann, G. (1974) Über pflanzliche
Lamentowicz, L., Gąbka, M. & Lamentowicz, M.
Makrofossilien
mitteleuropäischer
Torfe.
(2013) The performance of single- and multiII. Weitere Reste (Früchte und Samen, Moose
proxy transfer functions (testate amoebae,
u.a.) und ihre Bestimmungsmöglichkeiten (On
bryophytes, vascular plants) for reconstructing
plant macrofossils of Central European peat II.
mire surface wetness and pH. Quaternary
Other remains (fruits, seeds, mosses, among
Research, 79, 6–13.
others) and their determination options). Telma, 4,
Muller, N., Schnyder, N. & Schubiger, C. (2002)
51–117 (in German).
Feldschlüssel für die Bestimmung der Moose in
Janssens, J.A. (1983) A quantitative method for
Mooren (Keys for determination of Bryophytes of
stratigraphic analysis of bryophytes in Holocene
peatlands and wetlands). Meylania, Journal de l'
peat. Journal of Ecology, 71, 189–196.
Association Suisse de Bryologie et Lichénologie,
Janssens, J.A. (1988) Fossil bryophytes and
25, 36 pp.
paleoenvironmental reconstruction of peatlands.
Paton J.A. (1999) The Liverwort Flora of the British
In: Glime, J.M (ed.) Methods in Bryology.
Isles. Harley Books, Colchester, 626 pp.
Proceedings of the Bryological Methods
Rehell, S. & Virtanen, R. (2015) Rich-fen bryophytes
Workshop, Hattori Botanical Laboratory,
in past and recent mire vegetation in a
Nichinan, Japan, 299–306.
successional land uplift area. The Holocene, 1–11.
Janssens, J.A. (1990) Methods in Quaternary ecology
Smith, A.J.E. (2004) The Moss Flora of Britain and
II. Bryophytes. Geoscience Canada, 17, 13–24.
Ireland, second edition. Cambridge University
Klinger, P.U. (1968) Feinstratigraphische UntersuchPress, Cambridge, 1012 pp.
ungen an Hochmooren. Mit Hinweisen zur
Souto, M., Castro, D., Pontevedra-Pombal, X.,
Bestimmung der wichtigsten Großreste in
Garcia-Rodeja, E. & Fraga, M.I. (2016)
nordwestdeutschen Hochmoortorfen und einer
Characterisation of Holocene plant macrofossils
gesonderten Bearbeitung der mitteleuropaischen
from North Spanish ombrotrophic mires: vascular
Sphagnum cuspidata (Fine stratigraphic studies
plants. Mires and Peat, 18(11), 1–21.
on bogs. With clues to determine the main bulk
van Geel, B. (1978) A paleoecological study of
residues
in
northwestern
Germany
Holocene peat bog sections in Germany and The
Hochmoortorfen and a separate processing of the
Netherlands, based on the analysis of pollen,
central European Sphagna cuspidata). PhD thesis,
spores and macro- and microscopic remains of
Kiel University, 135 pp. (in German).
fungi, algae, cormophytes and animals. Review of
Mauquoy, D. & van Geel, B. (2007) Plant
Palaeobotany and Palynology, 25, 1–120.
macrofossil methods and studies: mire and peat
macros. In: Elias, S.A. (ed.) Encyclopedia of
Quaternary
Science,
Elsevier
Science,
Submitted 10 Nov 2016, revision 13 Dec 2016
Amsterdam, The Netherlands, 2315–2336.
Editor: Olivia Bragg
Michaelis, D. (2001) Schlüssel zur Bestimmung von
_______________________________________________________________________________________
Author for correspondence:
Martin Souto, Departamento de Botánica, Facultade de Bioloxía, Universidade de Santiago de Compostela
(USC), 15782 Santiago de Compostela, A Coruña, España. E-mail: martin.souto@usc.es

Mires and Peat, Volume 19 (2017), Article 02, 1–12, http://www.mires-and-peat.net/, ISSN 1819-754X
© 2017 International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2016.OMB.263
6

M. Souto et al. HOLOCENE PLANT MACROFOSSILS FROM NORTHERN SPAIN: BRYOPHYTES

Appendix: Diagnostic characteristics for bryophyte macrofossils.

Figure A1. Liverworts. Calypogeia sphagnicola: a) fragment of stem, ventral aspect, b) leaves, c) underleaf,
d) medium leaf cells; Odontochisma sphagni: e) stem apex, dorsal aspect, f) flagelliform stem fragment,
lateral aspect, g) leaves, h) medium leaf cells.

Table A1. Diagnostic characteristics for liverworts: stems and leaves (Figure A1).
Species

Arrangement and shape

Calypogeia sphagnicola
Subimbricate. Triangular to ovate-triangular,
(Arnell & J. Perss.) Warnst. plane to slightly convex, widest at base and
& Loeske
decurrent on ventral side (Figure A1a, b)
Odontoschisma sphagni
(Dicks) Dumort.

Distant to imbricate. Orbicular to ovateorbicular, concave, margin narrowly incurved
(Figure A1e, f, g)

Mid-leaf cells

Underleaves

> 25 µm wide. Trigones
lacking or very small
(Figure A1d)

Appressed, bilobed
to bifid (Figure A1c)

< 25 µm wide. Trigones large
Generally absent
but not bulging (Figure A1h)
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Figure A2. Sphagnum. For legend, see next page.
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Legend to Figure A2: Sphagnum spp.: a) capsule, b) operculum, c) capsule fragment, d) capsule epidermal
cells, e) branch with leaves, f) stem fragment without leaves; Sphagnum Sect. Acutifolia: g) leaf section with
green cells exposed on ventral surface; Sphagnum molle: h) leaf section with green cells exposed on ventral
surface; Sphagnum compactum: i) leaves, j) cells at middle of branch leaf on ventral surface, k) cells at middle
of branch leaf on dorsal surface, l) leaf section with lens-shaped green cells enclosed between the hyaline cells;
Sphagnum papillosum: m) leaves, n) cells at middle of branch leaf on ventral surface, o) leaf section with green
cells exposed on both surfaces; Sphagnum tenellum: p) leaves, q) cells at middle of branch leaf on ventral
surface, r) cells at middle of branch leaf on dorsal surface; Sphagnum cuspidatum: s) leaf section with green
cells exposes on dorsal surface, t) leaves, u) cells at middle of branch leaf on ventral surface, v) cells at middle
of branch leaf on dorsal surface.

Table A2. Diagnostic characteristics for mosses: Sphagnum spp. branch leaves (Figure A2).
Species

Shape and size
(mm)

Sphagnum sect. Acutifolia (Russow)
Schimp.

Acute or acuminate
Ovate to lanceolate
because of coiling
0.8–2 × 0.4–1
margins

Triangular to trapezoid, broadly exposed on
ventral surface (Figure A2g)

Sphagnum molle Sull.

Ovate
1.5–2 × 0.5–0.9
margin denticulate

Acute

Triangular to trapezoid, broadly exposed on
ventral surface (Figure A2h)

Sphagnum compactum Lam. & DC

Oblong to ovate
1.8–2.5 × 0.9–1.8
(Figure A2i, j, k)

Rounded or truncate

Elliptical, lens-shaped, fully enclosed between
the hyaline cells (Figure A2l)

Sphagnum papillosum Lindb.

Ovate
1.5–2 × 1–1.5
(Figure A2m, n)

Cucullate, scabrous
on dorsal face

Elliptical or trapezoidal, with the wider base on
ventral surface, but exposed on both surfaces;
inner walls of hyaline cells papillose (Figure
A2o, n)

Sphagnum tenellum (Brid.) Brid.

Ovate
0.8–1.6 × 0.4–0.8
(Figure A2p, q, r)

Acute because of
coiling margins,
truncate, smooth on
dorsal face

Triangular with the wider base on dorsal
surface, but exposed on both surfaces

Sphagnum cuspidatum Hoffm.

Lanceolate
1.6–4 × 0.4–0.6
(Figure A2t, u, v)

Acuminate with an
apiculus

Triangular to trapezoid with the wider base on
dorsal surface, but exposed on both surfaces
(Figure A2s)

Apex

Green cells in cross- section
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Table A3. Diagnostic characteristics for other mosses (Figures A3–4).
Species

Stems

Aulacomnium palustre
(Hedw.) Schwaegr. var.
palustre

Leaf apex

Cells in mid-leaf

With dense
Lanceolate with nerve ending
brown
below the apex; margin recurved,
tomentum
entire to denticulate (Figure A3c)
(Figure A3a, b)

Acuminate to
rounded
(Figure A3e)

Irregularly rounded to
quadrate with conical
papillae; 8–14µm wide
(Figure A3d)

Stems regularly
3 pinnate,
branches
complanate
(Figure A3f)

Erecto-patent to concave, ovate,
longitudinally ridged, and acutetipped; nerve strong, ending below
the apex; margin crenulate to
denticulate (Figure A3f)

Acuminate and
denticulate
(Figure A3i)

Irregularly rounded to
quadrate and unipapillose;
8–10 µm wide (Figure A3h)

Hypnum cupressiforme s.l.
Hedw.

Irregularly
branched to
± pinnate

Falcate-secund, abruptly narrowed
to apex; margin denticulate in the
upper part; nerve short or lacking
(Figure A3j, k)

Acuminate to
Thick-walled, linear to
filiform
vermicular (Figure A3l)
(Figure A3k, m)

Calliergonella cuspidata
(Hedw.) Loeske

Stems and
branches
cuspidate and
complanate
(Figure A3n)

Ovate-triangular, nerve lacking;
margin entire (Figure A3o)

Obtuse
apiculate,
sometimes
sub-cucullate
(Figure A3q)

Polytrichum sp.

Undetermined
because only
very degraded
fragments were
recorded

Undetermined because only small
leaf fragments and epidermis of
leaf bases were recorded, including None recorded
sheaths attached to stems
(Figure A4a, b)

In most of the leaf fragments
studied, the lower cells were
rectangular and brownreddish and the upper cells
square to polygonal
(Figure A4c, d)

Racomitrium lanuginosum
(Hedw.) Brid.

Densely and
irregularly
branched

Falcato-secund, lanceolate, long,
narrow, nerve stout and long,
margins recurved to revolute
(Figure A4e, f)

Acuminate to
filiform

Sinuose-nodulose rectangular
and strongly papillose
(Figure A4g)

Dicranum scoparium
Hedw.

Covered by
dense, whitish
tomentum

Lanceolate with notorious nerve,
margin entire to dentate
(Figure A4h)

Subulate
(Fig. 4i)

Rectangular to rhomboidal
with thick and brown walls;
15 × 50–60 µm (Figure A4j)

None recorded

Lanceolate, subulate, nerve broad,
occupying 1/3–1/2 of leaf base
width (Figure A4k)

Undetermined
because the
only apex
remains
corresponding
to the nerve

More or less rhomboidal,
with thick walls (Figure A4l)

Lanceolate, with broad and
sheathing base, nerve very broad,
occupying almost all the leaf
(Figure A4n)

Acute, tubular
(Figure A4n)

Rectangular to square, thinwalled (Figure A4o)

Thuidium tamariscinum
(Hedw.) Schimp.

Campylopus sp.

Leucobryum juniperoideum Simple, erect
(Brid.) Mull. Hal.
(Figure A4m)

Leaves

Thin-walled, 10–18 times as
long as wide (Figure A3q)
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Figure A3. Aulacomnium palustre: a, b) fragment of stem with dense tomentum and leaves, c) leaves,
d) mid-leaf cells, e) leaf apex; Thuidium tamariscinum: f) fragment of stem with leaves, g) leaf, h) mid-leaf
cells, i) leaf apex; Hypnum cupressiforme: j) shoot fragment, k) leaf, l) mid-leaf cells, m) leaf apex;
Calliergonella cuspidata: n) branches with leaves, o) leaves, p) mid-leaf cells, q) leaf apex.
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Figure A4. Polytrichum sp.: a) reconstruction of a leaf based on one of the studied macrofossils (dark area),
b) leaf base fragment, c) cells of leaf base, d) upper cells of a leaf fragment; Racomitrium lanuginosum:
e) fragment of a branch with leaves, f) leaves, g) mid-leaf cells; Dicranum scoparium: h) leaf, i) leaf apex
cells, j) mid-leaf cells; Campylopus sp.: k) leaf, l) mid-leaf cells; Leucobryum juniperoideum: m) stem tip
with leaves, n) leaves, o) mid-leaf cells.
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