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Abstract. Epiphytic bryophytes are important biodiversity
elements in forest ecosystems globally. In addition,
bryophytes take part in ecosystem functioning and are
excellent environmental indicators. Almost half of the red-
listed bryophyte distribution in Latvia is related to forest
habitats. However, despite the increasing knowledge about
epiphyte ecology, we are lacking information about
individual rare species environmental demands. The present
study aimed to evaluate the transplant disc method in rare
liverwort transplantation success in aspen forest. As a result,
we found that the transplant disc method can be used in
epiphytic liverwort studies, but improvements are
recommended in sealant selection for transplantation.
Liverwort transplants were sensitive to changed substrate
quality. Although transplant physiological stress during the
transplantation experiment could be important. Epiphyte
transplantation studies could help to test epiphyte sensitivity
to global climate change in the future.

Keywords: transplantation, liverworts, epiphytes, Populus
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Bryophytes are important biodiversity elements in
forest ecosystems worldwide [1]. They have significant
role in ecosystem functioning, providing shelter for other
organisms and their role in human life (for instance, peat-
forming) is huge [2]. Bryophytes are also much better
environmental indicators than vascular plants [3]. Due to
their indicator ability, bryophytes were used as excellent
indicators in studies of air pollution and ecology [4].

INTRODUCTION

Epiphytic bryophytes and lichens have been used in
transplantation experiments using different methods for
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several decades [5], [6], [7], [8]. Pioneering work by
Brodo [9] showed the practical use of epiphytic lichen
transplants as indicators of air pollution. Similar method
could be applicable also to epiphytic bryophytes. The
results of transplantation experiments can reveal new
knowledge about a wide range of ecological questions
from local to worldwide scale [8].

Despite of many epiphyte transplantation studies
around the world, epiphytic liverworts (one of three
bryophyte groups) were rarely used as a model organism.
A recent review indicated that only 4% of bryophyte and
lichen transplantation studies until 2020 around the world
used liverworts as model species [8]. However, liverworts
are important biodiversity elements and are sensitive to
changed environmental conditions. This shows that they
could be important indicators of the changed environment.
The last compilation counted 7486 liverwort species
globally [10] contributing significant part of global
biodiversity.

Almost half of red-listed bryophyte species
distribution in Latvia is related to forest habitats [11]. The
studies about ecology of most of these species are missing,
especially about red-listed liverworts. The transplantation
approach could contribute to knowledge about liverwort
ecology.

The aim of this study was to evaluate the
transplantation method potential of red-listed epiphytic
liverwort Lejeunea cavifolia for ecological studies in
aspen Populus tremula forest.
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II. MATERIAL AND METHODS

We studied Lejeunea cavifolia transplant vitality in
aspen Populus tremula dominating forest stand in Abeli
Nature Reserve in the south-eastern part of Latvia (Fig. 1).
This study was conducted with the permission of Nature
Conservation Agency Republic of Latvia.
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Fig. 1. Study site (circle) in Latvia. Base map author: Maris Nitcis.

Lejeunea cavifolia is red-listed liverwort species and is
protected by Latvian government regulations [12], [13],
[14]. This species is growing on deciduous trees in old-
growth slope, deciduous and boreal forests [15] and is
distributed in Europe, Asia, North America, South
America and Macaronesian Islands [16]. Lejeunea
cavifolia has a scattered distribution in Latvia [17] and
reproduces sexually by spores [18].

We conducted transplantation experiment in aspen
forest stand that was 92 years old with area of 4.6 ha
(Latvian Forest Resource Database). We transplanted L.
cavifolia transplants to a good substrate (control treatment)
and a bad substrate treatment. As a good substrate we
defined living aspen individuals with stems larger than
0.20 m at the diameter of breast height (DBH). Bad
substrate aspen stem DBH was less than 0.20 m.
Transplant consisted of a piece of the tree bark disc with
living L. cavifolia plants. We took L. cavifolia transplants
from several good substrate trees (donor trees) which we
attached to recipient trees. One tree could serve as a donor
for several transplants. In total, we selected 20 good
substrate recipient trees and 20 bad substrate recipient
trees. We applied the bark disc transplantation method [9].
Initially, transplants were removed from the donor tree
bark (bark discs 4.5 cm in diameter) with a knife and
electric drill. Each transplant was affixed to the recipient
tree by silicon sealant (water-resistant, for outdoors) in a
pre-prepared bark hole (part of the bark was removed
before). We took digital photographs on a transplantation
day: in the summer of 2020 and after a year in 2021. Each
transplant photograph was analyzed and transplant vitality
was evaluated based on four vitality classes: 1) high
vitality: moist transplant is green or without damaged
patches or spots; 2) medium vitality: transplant is green,
but some damaged or dead patches or points occur (<50%
damaged); 3) low vitality: more than half of the transplant
area is dead, some remnant green patches left; >50%
damaged; 4) transplant died; transplant is brown without
living tissues.
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To compare the transplant vitality within vitality
classes between 2020 and 2021 we applied Chi-square test.
Data analyses were performed in R programme [19].

III. RESULTS AND DISCUSSION

Most of Lejeunea cavifolia transplants were still in
place after a year. However, one transplant in good
substrate treatment and one transplant in bad substrate
treatment were fallen. Several transplants were partly
detached from the recipient tree bark. This could be related
to insufficient silicon sealant supply during the initial
transplantation in 2020. Transplantation was done in dry
weather, however, rainy weather could follow after
transplantation causing some transplant partial detachment
and contamination. Some transplants were partly damaged
by silicone sealant. Probably other silicon sealant or glue
substance could be more successful in the future. Also,
stochastic reasons may cause the falling of transplants.

Transplants of Lejeunea cavifolia showed significant
differences in vitality between 2020 and 2021 in good
substrate and bad substrate treatments (Fig. 2).
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Fig. 2. Transplant vitality class (high, medium, low) in good substrate
treatment within the study period. Significantly higher number of low
vitality transplants (p=0.01) was found in 2021.

The number of transplants with high and medium
vitality did not differ significantly, but the number of
transplants with low vitality differed significantly between
2020 and 2021 in good substrate treatment (Fig. 2). This
could be related to transplant physiological stress that
could be caused by the microenvironmental differences
between donor and recipient trees shortly after
transplantation.

The number of L. cavifolia transplants with medium
vitality decreased significantly in bad substrate treatment
between 2020 and 2021 (Fig. 3). In addition, the number
of low vitality transplants increased significantly in bad
substrate treatment. Other transplantation studies showed
that bryophytes are sensitive to microclimatic changes in
transplantation experiments [8].
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Fig. 3. Transplant vitality class (high, medium, low, dead) in bad
substrate treatment within the study period. Significantly lower number
of medium (p=0.04) and significantly higher number of low (p<0.01)
vitality transplants were found in 2021.

The substrate is one of the most important variables in
epiphytic bryophyte distribution. It is also known that tree
bark pH differs among tree species [20]. Living aspen tree
bark pH was around 4 in Sweden [21]. Mezaka and
Znotina [22] found that average pH value of aspen is 5.2
in slope forests of Latvia. However, bark pH can change
with age, when bark physical properties are changing and
amount of environmental dust is increasing on a bark.
Older bark obtains more crevices than younger and this
could be suitable for epiphyte establishment.

Alexander et al. [23] highlighted the importance of
transplantation experiments in ecological studies of
community interactions in global change perspective. This
could be useful approach also in epiphytic bryophyte
community studies in a future.

IV. CONCLUSIONS

In general, the bark disc method was suitable for
Lejeunea cavifolia transplantation in aspen forest.
However, the method could be improved with different
sealant or other gluing substances that would ensure bark
disc attachment in a long-term, preferably several years.
This method could be used in further ecological studies
with careful selection of silicone sealant. Lejeunea
cavifolia is dependent on substrate quality and this should
be taken into account in forest conservation planning in
aspen-dominating forest landscape.

ACKNOWLEDGMENTS

The study was financially supported by postdoctoral
grant: “Epiphyte metapopulation dynamics in boreo-
nemoral forest landscape», Nr. 1.1.1.2/VIAA/3/19/469”.
Thanks to Stock Company “Latvia’s State Forests” for co-
operation.

138

(1]

(2]
(3]
(4]
(5]

(6]

(71

(8]

(]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

REFERENCES

J. M. Glime, “Introduction. Chapt. 1” in Bryophyte Ecology.
Volume 1. Physiological Ecology. Ebook sponsored by Michigan
Technological University and the International Association of
Bryologists, 2017 (last update 2021). [Online]. Available:
Bryophyte ecology  http://digitalcommons.mtu.edu/bryophyte-
ecology/ [Accessed March 7, 2023].

B. Goffinet and A. J. Shaw, Bryophyte biology. 2™ edition.
Cambridge: Cambridge University Press, 2009.

L. D. Gignac, “Bryophytes as indicators of climate change,” The
Bryologist, vol. 104(3), pp. 410420, 2001.

Z. Tuba, N.G. Slack, and L. R. Stark, Bryophyte ecology and
climate change. Cambridge: Cambridge University Press, 2011.

Y. Gauslaa and K. A. Solhaug, “High-light-intensity damage to the
foliose lichen Lobaria pulmonaria within a natural forest: The
applicability of chlorophyll fluorescence methods,” Lichenologist,
vol. 32(3), . 271-289, 2000.
https://doi.org/10.1006/lich.1999.0265

N. Ingerpuu, K.Vellak, T. Mols, N. Ingerpuu, and K. Vellak,
“Growth of Neckera pennata, an epiphytic moss of old-growth
forests,” The Bryologist, vol. 110(2), pp. 309-318, 2007.

L. Gustafsson, K. Fedrowitz, and P. Hazell, “Survival and vitality
of a macrolichen 14 years after transplantation on aspen trees
retained at clearcutting,” For. Ecol. Manag., vol. 291, pp 436-441,
2013. https://doi.org/10.1016/j.foreco.2012.12.005

M. Mallen-Cooper and W. K. Cornwell, “A systematic review of
transplant experiments in lichens and bryophytes,” The Bryologist,
vol. 123(3), pp. 444—454,2020. https://doi.org/10.1639/0007-2745-
123.3.443

I. M. Brodo, “Transplant experiments with corticolous lichens
using a new technique,” Ecology vol. 42(4), pp. 838-841, 1961.

L. Soderstrom, A. Hagborg, M. von Konrat, S. Bartholomew-
Began, D. Bell, L. Briscoe, E. Brown, D. C. Cargill, D. P. da Costa,
B. J. Crandall-Stotler, E. Cooper, G., Dauphin, J. Engel, K.
Feldberg, D.Glenny, S. R. Gradstein, X. He, J. Hentschel, A. L
Ilkiu-Borges ... R.-L. Zhu, “World checklist of hornworts and
liverworts,”  PhytoKeys, vol. 59, pp. 1-828, 2016.
https://doi.org/10.3897/phytokeys.59.6261

A. Mezaka, R. Moisejevs, and M. Nitcis, “The main drivers for the
occurrence of six red-listed epiphytic bryophytes and lichens in the
boreo-nemoral forest landscape, Latvia,” Folia Cryptog. Estonica,
vol. 58, pp. 229-241, 2021.
https://doi.org/10.12697/fce.2021.58.22

A. Abolina, Latvian rare and threatened bryophytes. (in Latvian).
Riga: Vide, 1994.

Latvijas Republikas Ministru kabinets, “Noteikumi par pasi
aizsargajamo sugu un ierobezoti izmantojamo Ipasi aizsargdjamo
sugu sarakstu (grozijumi 27.07.2004 not. nr. 627). Noteikumi nr.
396,” (in Latvian), Latvijas V@stnesis, vol. 413(417), pp 4-6, 2000.

Latvijas Republikas Ministru kabinets, “Noteikumi par
mikroliegumu izveidoSanas un apsaimniekosanas Kkartibu, to
aizsardzibu, ka arT mikroliegumu un to buferzonu noteiksanu.
Noteikumi nr. 940,” (in Latvian), Latvijas Vé&stnesis, vol.
203(4806), pp. 1-30, 2012.

T. Ek, U. Susko, and R. Auzin§, Inventory of woodland key
habitats. Methodology. Riga: State Forest Service, 2002.

“GBIF.org (27 March 2023) GBIF Occurrence Download”, Mar.
27, 2023.[Online]. Available https://doi.org/10.15468/d1.6h6he9
[Accessed March 27, 2023].

S. Putna and A. Mezaka, “Distribution of five interesting woodland
key habitat bryophyte indicator species in Latvia,” Acta Biol. Univ.
Daugavp., vol. 14(1), pp 67-74, 2014.

K. Damsholt, Illustrated flora of nordic liverworts and hornworts.
Second edition. Lund: Nordic Bryologic Society, 2009.

R Core Team R, A language and environment for statistical
computing. Vienna, Austriaz R Foundation for Statistical
Computing, 2021. https://www.R-project.org/

J. J. Barkman, Phytosociology and Ecology of Cryptogamic
Epiphytes. Assen: Van Gorcum, 1958.


http://digitalcommons.mtu.edu/bryophyte-ecology/
http://digitalcommons.mtu.edu/bryophyte-ecology/
https://doi.org/10.1006/lich.1999.0265
https://doi.org/10.1016/j.foreco.2012.12.005
https://doi.org/10.1639/0007-2745-123.3.443
https://doi.org/10.1639/0007-2745-123.3.443
https://doi.org/10.3897/phytokeys.59.6261
https://doi.org/10.12697/fce.2021.58.22
https://doi.org/10.15468/dl.6h6he9
https://www.r-project.org/

Anna Mezaka, et al. Rare Epiphytic Liverwort Transplantation Method Potential in Boreo-Nemoral Forest Landscape

[21]

[22]

L. Gustafsson and 1. Eriksson, “Factors of importance for the
epiphytic vegetation of aspen Populus tremula with special
emphasis on bark chemistry and soil chemistry,” J. Appl. Ecol., vol.
32, pp. 412424, 1995.

A. Mezaka and V. Znotina, “Epiphytic bryophytes in old growth
forests of slopes, screes and ravines in north-west Latvia,” Acta
Universitatis Latviensis, vol. 710, pp. 103-116, 2006.

139

[23] J. M. Alexander, J. M. Diez, and J. M. Levine, “Novel competitors

shape species’ responses to climate change,” Nature, vol.
525(7570), pp- 515-518, 2015.
https://doi.org/10.1038/nature 14952


https://doi.org/10.1038/nature14952

	I. Introduction
	II. Material and methods
	III. Results and discussion
	IV. Conclusions
	Acknowledgments
	References

