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Abstract: Dittrich, S., Lang, R., Albrecht, M., Stetzka, K. & von Oheimb, G. 2022. Vertical distribution of 
cryptogamic epiphytes on trees in central German alluvial hardwood forests: relevance for bioindication and nature 
conservation. – Herzogia 35: 443 – 461.
Epiphyte surveys are often limited to the lower trunk sections of the host trees. This largely overlooks species that 
occur preferentially in tree crowns. Considering the vertical distribution patterns of epiphytic mosses and lichens in 
alluvial hardwood forests, such surveys would be incomplete and their results would differ from whole-tree surveys. 
This would be particularly critical with respect to surveys of the overall species diversity of such forest stands, assess-
ments of their worthiness for protection, and for bioindication (e.g., the influence of climate change). In the present 
study, performed in the largest protected complex of alluvial forests in central Germany, we examined 20 sample trees 
wind-thrown and broken in recent storm events. Here epiphyte communities were recorded section-wise from the 
trunk base to the outer tree crown. 75 % of the epiphytic lichens were confined to the crown and upper trunk parts, 
while 30 % of the bryophyte taxa were restricted to the tree crowns and another 30 % were found only on the lower 
trunk and the trunk base. For both lichens and bryophytes, species of conservation concern were observed only in 
the tree crowns, as were most indicator species for climate warming. Using Ellenberg indicator values, we also found 
significant differences in moisture and light conditions, substrate reaction, continentality, and nutrient supply across 
the different tree sections. Thus, whole-tree samplings for bryophytes and lichens, especially in alluvial hardwood 
forests, yield much more accurate and sophisticated results about epiphyte diversity and ecological conditions than 
conventional lower-trunk surveys.

Zusammenfassung: Dittrich, S., Lang, R., Albrecht, M., Stetzka, K. & von Oheimb, G. 2022. Vertikalverbreitung 
kryptogamischer Epiphyten an Bäumen in mitteldeutschen Hartholz-Auwäldern: Relevanz für Bioindikation und 
Naturschutz. – Herzogia 35: 443 – 461.
Epiphytenerfassungen beschränken sich häufig auf die unteren Stammabschnitte der Trägerbäume. Hierbei werden 
Arten, die vorzugsweise in Baumkronen vorkommen, weitgehend übersehen. Unter Berücksichtigung der vertikalen 
Verteilungsmuster epiphytischer Moose und Flechten in Hartholzauenwäldern wären solche Erhebungen unvollstän-
dig und ihre Ergebnisse unterschieden sich von Erfassungen ganzer Bäume. Das wäre besonders kritisch im Hinblick 
auf die Erfassungen der Gesamtartendiversität solcher Waldbestände, die Einschätzung ihrer Schutzwürdigkeit so-
wie für die Bioindikation (z. B. den Einfluss des Klimawandels). Im größten Komplex geschützter Auenwälder in 
Mitteldeutschland untersuchten wir 20 bei Stürmen geworfene und gebrochene Bäume. Hierbei wurden die Epiphyten 
abschnittsweise von der Stammbasis bis in die äußere Krone erfasst. 75 % der Flechtenarten waren auf die Krone und 
den oberen Stamm beschränkt, während 30 % der Moosarten nur im Kronenbereich gefunden wurden, und weitere 
30 % nur im unteren Stammbereich sowie der Stammbasis vorkamen. Sowohl bei Moosen als auch bei Flechten wur-
den schutzbedürftige Arten nur in den Kronen gefunden, wie auch die meisten Indikatorarten für Klima-Erwärmung. 
Unter Verwendung von Ellenberg-Zeigerwerten fanden wir weiterhin signifikante Unterschiede in den Feuchte- 
und Lichtverhältnissen, Substratreaktion, Kontinentalität und Nährstoffversorgung über die verschiedenen Baum-
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Abschnitte. Die vollständige Erfassung epiphytischer Flechten und Moose auf Auenwaldbäumen führt daher zu weit-
aus differenzierteren Ergebnissen als konventionelle Erhebungen in den unteren Stammabschnitten von Bäumen. 
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Introduction
In the most common methods of epiphyte surveys, sampling is confined to the lower trunk 
section of trees. However, communities of epiphytic lichens and bryophytes can differ greatly 
between the tree trunk and the crown. Applying the standard method thus means that species 
which occur preferably on the upper trunk and in the crown are largely under-surveyed or even 
neglected (Boch et al. 2013). 
Particularly in temperate forests, lichen communities are more diverse in the upper trunk sec-
tions and the canopy space, while many bryophytes prefer the lower trunk (John & Schröck 
2001, Boch et al. 2013, Kaufmann et al. 2019). Moisture-demanding and forest-typical taxa 
are also more abundant in the lower trunk sections, while the epiphyte communities of the 
crown space are more similar to trunk-inhabiting communities at sun-exposed forest edges and 
on solitary trees (Wirth et al. 2009). In general, many rare and specialized species can only be 
encountered in tree crowns (Kiebacher et al. 2016).
Epiphyte distribution can be further differentiated, at a smaller scale, on trees in alluvial hardwood 
forests. In contrast to other forest types, epiphytes in alluvial forests are affected by flooding and 
the associated mineral and organic sedimentation, which particularly favor highly competitive, 
pleurocarpous mosses at the trunk base (Philippi 1972, Härdtle et al. 1996, Klein et al. 1997). 
Different from bryophytes, epiphytic lichens have a low tolerance towards such flooding effects 
(Beckelhimer & Weaks 1984, John & Stapper 2015). However, the distribution patterns of 
epiphytic bryophyte species do not depend only on their tolerance to flooding but also on other, 
tree-specific and stand-dependent site factors. This particularly applies to tree species composi-
tion, host tree bark structure, bark chemistry and light conditions within the stands (Stringer & 
Stringer 1974, Philippi 1972, Engel et al. 2003, Jüriado et al. 2009). 
Alluvial hardwood forests have an outstanding conservation value and harbour a high plant di-
versity, including both vascular plants and cryptogams (Philippi 1972, Härdtle et al. 2020). 
Particularly epiphytic cryptogam species richness is based on a typically high tree species di-
versity of alluvial hardwood forests. The broad range of tree species also includes alien, locally 
naturalized, species with different functional traits (Engel et al. 2003, Härdtle et al. 2020). 
Some of these tree species, although classified as invasive (Nehring et al. 2013), can support 
even more diverse epiphyte communities than indigenous tree species including even species of 
conservation concern. This has, for instance, been found for Acer negundo, Juglans nigra, and 
Populus × canadensis (Otte 2003, John & Stapper 2015). However, the impact of such tree 
species on epiphyte diversity and epiphyte community composition have rarely been studied in 
alluvial hardwood forests (John & Stapper 2015). This may be particularly critical for nature 
conservation, as some of these tree species might increasingly be propagated by silviculture or 
spread spontaneously in the future (John & Stapper 2015, Campagnaro et al. 2018).
So far, several studies have addressed diversity patterns of epiphytic bryophytes and lichens 
in alluvial hardwood forests (Philippi 1972, Härdtle et al. 1996, Engel et al. 2003, John 
& Stapper 2015). Some of these studies may even be outdated, as site conditions in alluvial 
hardwood forests have changed over the past decades, besides the flooding regimes also en-
vironmental pollution and climate warming (Trémolières et al. 1998, Frahm 2006, John & 




