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This object corresponds to the three missions of the garden : 1) to inform mosses (especially Sphagnum). This living laboratory provides a unique op-
the public as well as students about these unusual, fragile and threatened  portunity to inform the public about the characteristics and functions of
ecosystems, 2) to present characteristic peatland plants from the Jura Moun- these ecosystems and the challenges of conserving and restoring them in a
tains (Sphagnum, Drosera, Eriophorum, Betula nana, etc.), and 3) to conduct re- warmer world.

search projects.

During the winter 2014-15, the snow remained longer on the peatbog that
on the adjacent path and meadow, thus providing evidence for a microcli-
matic effect of the bog. The excessively dry and hot summer 2015 allowed
testing the resistance of the newly established bog vegetation. Most plants
resisted well, including graminoids Eriophorum vaginatum, Trichophorum cespi-

tosum or Carex sp., ericaceous (Vaccinium oxycoccos, myrtillus and vitis-idea) and
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Introduction

Regionally they also control hydrology and climate (Mitsch & Gosselink
2000). However in many developed regions peatland have been almost to-
tally destroyed through conversion to agricultural land or peat harvesting.
Switzerland is a typical example with a loss of ca. 90% of its initial raised bog
surfaces, mostly between the 19* and 20" centuries (Griinig 1994, Joosten &
Clarke 2002). For example the 400 km? of lowland peatlands (fens) located in
the « three lakes » region (between the lakes of Neuchatel, Biel and Morat)
have been converted to agricultural land (Griinig 1994). In 1987 a popular ini-
tiative aiming to protect the remaining peatlands of Switzerland - including

the largest ones in the Jura Mountains - was accepted by the people.

The challenge today is to preserve the remaining peatlands and to re-
store damaged ones. Indeed a monitoring program has shown that even the
protected bogs are on average suffering from degradation such as reduced
moisture, increased nutrient load, encroachment by bushes (Graf et al. 2010,
Klaus 2007). The main challenges for successful peatland recovery include

restoring an appropriate hydrology, hydrochemistry, and microclimate, intro-
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PEATLANDS PLAY A MAJOR ROLE IN THE GLOBAL
CARBON CYCLE AS THEY STORE CA. 1/3 (CA. 600
GIGATONS) OF ALL SOIL CARBON DESPITE THE FACT
THAT THEY ONLY COVER 37 OF THE TOTAL LAND AREA
(YU ET AL. 2011, MOORE 2002, LIMPENS ET AL. 2008).

ducing diaspores of target species and avoiding unwanted invading species
(e.g. Betula, Molinia) (Gorham & Rochefort 2003, Rochefort & Bastien 1998).

Climate change and especially extreme climatic event represent a threat
to the maintenance of existing peatlands (Bragazza 2008, Pastor et al. 2003)
as well as to their restoration (Samaritani et al. 2011, de Jong et al. 2010).
Climate-induced lowering of the water table is recognised as a key factor in
controlling vegetation changes (Breeuwer et al. 2009), CO, balance (Bubier

et al. 2003, Strack et al. 2009) and peat decomposition (Freeman et al. 2001).

A further challenge for the conservation and restoration of peatlands is
public perception. Peatlands are often considered as useless land and their
drainage and conversion to agricultural land is referred to as “improvement”.
There is therefore a need to educate the general public about the roles of
these ecosystems in global climate regulation, local hydrology and climate,
as habitat for rare species and as precious archives of past environmental

changes and history of human activities (Barber 1993, Warner & Asada 2006,
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Buckland 1993). The construction in September 2014 of a small raised bog
in the botanical garden of Neuchéatel, corresponds to the three missions of
the garden: 1) to inform the public as well as students about these unusual,
fragile and threatened ecosystems, 2) to present characteristic plants from
the Jura Mountains (Sphagnum, Drosera, Eriophorum, Betula nana, etc.), and 3)

to conduct research projects.

Materials & methods

At the beginning of September 2014 we created a small raised bog of ca.
100m? in the botanical garden of Neuchétel. The map showing the location
of the bog and the different stages of construction of the peatland are il-
lustrated in Figure 1. First a large (ca. 100m?) hole was dug. The hole had a
maximum depth of 210cm, with one half being deeper and the other shal-
lower gradually reaching the surface of the natural terrain. Then ca. 60m?
of marl was delivered and brought to the site. This material was distributed
homogenously over the surface to produce a 60cm thick impermeable layer
over which the peat (also ca. 60m?®) was then deposited. The peat thickness
reaches 160cm at the deepest part. The material (marl and peat) was collect-
ed from a degraded peatland in an industrial area of the region (town of Le
Locle).

The bog is divided into two parts, with shallow (30-100cm) and deep (100-
160cm) peat. A shallow pool was dug in the centre of each part. Around each
pool the surface was divided in six slices half of which were planted (at low
density) with over 30 species of mosses and vascular plants collected from

bogs in the Jura Mountains and from existing collections (Table 1), and the

> FIGURE 1.

Map of the bot
garden of Neuchatel
and construction of
the peatland.

other half left bare to study colonisation. The two treatments are referred to
as “planted” and “non-planted”. Plants from the surrounding meadow and
forest provide ample sources of seeds, which germinate on the bog. In one
half of the 12 surfaces (randomly selected) these plants are left to develop
naturally while in the other six surfaces non-bog plants are removed. These
two treatments are referred to as “weeded” and “non-weeded”. There is thus

four combination of these 2x2 treatments and three replicates of each.
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> FIGURE 2.

Map of the peatland
and pictures taken
on 15.06.2015 and
15.09.2015 by a drone

> TABLE 1.

List of plant species
introduced on the
peatland of the
botanical garden of
Neuchatel

Materials & methods

The surface of the peatbog was marked with wooden sticks every meter
along perpendicular lines, to delineate ca. 100 plots of 1m? The vegetation of
each of these plots is monitored three times a year, in spring, mid-summer
and autumn using semi-quantitative estimation of the percentage cover of
each species (Londo scale) and with aerial photography done by a drone (Fig.
2). A picture is taken from each plot at the time of each vegetation survey.
Following this the alien (i.e. “non bog”) species are removed in the surfaces
corresponding to this treatment. Alien shrubs and tree seedlings which have
very successfully germinated on the bare peat (e.g. Salix) are also removed
from all plots as their development would have excessively large impacts on

the bog vegetation in relation to the size of the overall peatland.

A dense network of sensors in being installed to monitor micro-environ-
mental conditions (temperature, water table depth, moisture, etc., Fig. 2) and
will also do regular measurements of other factors including hydrochemistry
(pH, macro-nutrients, etc.) and functioning (soil respiration, decomposition,
photosynthesis, methane emissions). One of our goals is to assess to what
extent such a lowland bog exposed to hot and dry summers is capable to de-
velop a typical bog vegetation and act as a carbon sink. This research ties in
with several research projects conducted in Switzerland and other countries

in Europe and beyond to which the University of Neuchatel collaborates.
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Vascular plants / Plantes vasculaires

Code IPEN

Andromeda polifolia L. [ ]

CHINEU20140200

Andromeda polifolia L.

[ ] CHINEU20140201

Betula nana L.

. CHINEU20140202

Calluna vulganis (L) Hull (]

CHINEU20140203

Carex rostrata Stokes

CHINEU20140204

Carex nigra (L) Reichard*®

CHINEU20140205

Carex rostrata Stokes

CHINEU20140206

Carex rostrata Stokes

CHINEU20140207

Comarum palustre L. (Potentilla palustris)

CHINEU20140208

Drosera rotundifolia L.

° chneuzom0209

Dryopteris cristata (L) A. Gray*

CHINEU20140235

Eriophorum angustifolium Honck [ ]

CHONEU20140210

Eriophorum vaginatum L. [ ]

CHONEU2014021

Eriophorum vaginatum L.

) cHoNEuzotd0z12

Filipendula ulmaria (L) Maxim.*

CHONEU20140213

Pinus mugo subsp. uncinata (DC) Domin

CHONEU20140214

Trichophorum cespitosum (L) Hartm. [s.strprov]

CHONEU20140215

Vaccinium myrtillus L.

CHONEU20140216

Vaccinium oxycoccos L.

CHONEU20140217

Vaccinum uliginosum L. o

CHONEU20140218

Vaccinium uliginosum L.

° prr—

Vaccinium vitis-idaea L.

CHONEU20140220

Mosses / Bryophytes

Aulacomnium palustre (Hedw.) Schwéagr

CHONEU20140221

Hylocomnium splendens (Hedw.) Schimp

CHONEU20140250

Pleurozium schreberi (Brid.) Mitt.

CHONEU20140222

Polytrichum alpinum Hedw. (=P.strictum)

CHONEU20140223

Sphagnum angustifolium [Russow) C.E.O.Jensen

CHONEU20140224

O|0|e e e e

Sphagnum capillifolium (Ehrh) Hedw

CHONEU20140225

Sphagnum cuspidatum Hoffm

CHONEU20140226

Sphagnum fallax (H.Kunggr) H.Kunggr

CHONEU20140228

Sphagnum fuscum (schimp.) HKlinggr

° CHONEU20140229

Sphagnum magellanicum Brid. [ ]

CHONEU20140230

Sphagnum magellanicum Brid.

° P

Sphagnum rubellum Wilson )

CHONEU20140232

Sphagnum rubellum Wilson

° CHoNzDIADESS

\
\
\
\
\
\
\
Sphagnum fallax (HKunggr) H.Kluinggr |
[
[
[
[
[
\
\

Sphagnum squarrosum Crome*

\
\
\
\
\
\
\
\ cuoneuzordozzn
[
[
[
[
[
\
\

CHONEU20140234.

*In the botanical garden of Neuchtel before 2012, from “vallée des Ponts-de-Martel” (Bois-des-Lattes or Marais rouge)
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> FIGURE 3.

Results

After one year of development some preliminary results can already be
shown, including the thermal inertia of the peatland, the resistance of the
plants to the heat wave and drought of the summer 2015 and the colonisa-

tion of herbaceous plants on the bare peat surface.

CLIMATIC EFFECTS ON VEGETATION
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RESISTANCE OF THE BOG VEGETATION TO THE HOT AND DRY SUMMER 2015
The summer 2015 was especially hot and dry. We therefore feared that the
newly planted bog vegetation would not survive such extreme conditions.
However we observed that almost all plants survived. Deep rooted vascular

plants such as Carex ssp., Eriophorum ssp., Trichophorum caespitosum and erica-

> FIGURE 4.
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The peatland on ceous shrubs all survived well (see especially difference between pictures of
24.02.2015 with snow

still on the surface

Fig. 2). Likewise the mosses including Sphagnum were still mostly alive. The

THERMAL INERTIA

The first observation is the thermal inertia of the peat body relative to the
surrounding mineral soil. This was very obvious during the winter after a
period of snowfall. The thickness of the snow and the duration of snow cover
were measured from November to March on the peatland and on the adja-
cent path and meadow. The water-saturated peat body froze during the win-
ter and the snow remained longer than on the adjacent well-drained mineral
soil that heated up much faster as soon as air temperature increased (Fig. 3).
Thus once the peat body has cooled it remains colder than the surrounding
land. These temperature patterns will be more precisely monitored in the

future once temperature loggers are installed.

only exception was the bog pool species Sphagnum cuspidatum that died in the
dried out pools. This general good resistance of bog plants may be explained
by the fact that, although the summer was indeed especially hot and dry the
spring had been quite wet, with high water table recorded from March to

June (Fig. 4). The development if the vegetation in two 1m? plots representa-

tive for two of the four treatments is illustrated in Figure 5.

> FIGURE 5.

ed (plot
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October 16™ 2015
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Results

DEVELOPMENT OF PLANTS ON OPEN PEAT SURFACES

We left 50% of the bog surface totally bare to study the primary coloni-
sation by diaspores from the surrounding plants. Given the extreme climat-
ic conditions of the summer we wondered how successful this colonisation
would be. Interestingly a high number of plants germinated on the peat.
These were however mostly plants from the adjacent meadow and forest
while bog plants seemed to have colonised these surfaces from vegetative

lateral growth (especially clear for Vaccinium oxycoccos, fig. 6).

> FIGURE 6.

Development of
Vaccinium oxycoccos on
the bare peat surface

from an adjacent
vegetation patch
during the summer
2015. (Grey pieces are
IPEN labels with name
of plants introduced)

Discussion

The peatbog of the Botanical Garden of Neuchatel, created at low elevation
(ca. 500m) and in a region with moderate rainfall (ca. 900mm/yr) is primarily
useful to understand the evolution of such an ecosystem under apparently

unfavourable climatic conditions. After only one year of observations it is
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clearly too early to draw any firm conclusions on the long-term development
of this peatland. However the drought and heat wave that lasted from May to
September 2015 already provided the opportunity to evaluate how the plants
reacted to a long-lasting hydric stress. We were pleasantly surprised to see
how well the vegetation had survived and indeed the comparison of the two
aerial images (fig. 2) and the images of the two plots (fig. 5) clearly show the
strong growth of the vascular plants. The mosses may not have grown much
but mostly seem to have survived as well. The exceptions are the smallest
patches or isolated moss plants and the characteristic Sphagnum species of
bog pools (S. cuspidatum) that died in the dried up pools. The peatland there-

fore already represents an invaluable object for scientific research.

The second advantage of this peatland is that the characteristic plants of
this unusual ecosystem can now be present in their “natural” context rather
than in suboptimal small surfaces. Having these plants growing on a massive
peat body also offers a higher chance of maintaining these plants over a long
period, as attested by their good survival during the stressful conditions of
the summer of 2015. This peatland already is proving very useful to the pub-
lic inform about the value and fragility of peatland ecosystems. The peatland

thus also clearly serves educational purposes.

This peatland also offers opportunities to test the growth conditions of
rare and endangered peatland plants, of multiplying them with the goal of
re-introducing them in some newly restored peatlands in the region without
having to samples in fragile natural populations. As 90% of the remaining
peatlands in Switzerland have been damaged directly or indirectly by human
activities there is now a good potential for conducting ecological restoration

projects and indeed many ambitious projects are in progress. In many cases



Discussion

it would be desirable to re-introduce the characteristic plants of these eco-

systems and here the peatland of the Botanical Garden of Neuchétel can be

useful both to experiment growth conditions and to multiply characteristic

plants. The peatland thus also serves conservational purposes.

References

Barber, K. E., 1993. Peatlands as scientific archives of biodiversity. Biodi-
versity & Conservation, 2: 474-489.

Bragazza, L., 2008. A climatic threshold triggers the die-off of peat
mosses during an extreme heat wave. Global Change Biology, 14: 2688-
2695.

Breeuwer, A., Robroek, B. J. M., Limpens, J., Heijmans, M. M. P. D.,
Schouten, M. G. C. & Berendse, F., 2009. Decreased summer water table
depth affects peatland vegetation. Basic and Applied Ecology, 10: 330-339.

Bubier, J., Crill, P., Mosedale, A., Frolking, S. & Linder, E., 2003. Peatland
responses to varying interannual moisture conditions as measured by
automatic CO2 chambers. Global Biogeochemical Cycles, 17.

Buckland, P. C., 1993. Peatland archaeology: a conservation resource on
the edge of extinction. Biodiversity and Conservation, 2: 513-527.

de Jong, R., Blaauw, M., Chambers, F. M., Christensen, T. R., de Vlee-
schouwer, F., Finsinger, W., Fronzek, S., Johansson, M., Kokfelt, U.,
Lamentowicz, M., Le Roux, G., Mauquoy, D., Mitchell, E. A. D., Nichols,
J. E., Samaritani, E. & van Geel, B., 2010. Climate and Peatlands. In: Dod-
son, J. (ed.) Changing Climates, Earth Systems and Society. Springer, 85-121.

Freeman, C., Ostle, N. & Kang, H. J., 2001. An enzymatic ‘latch’ on a
global carbon store. Nature, 409:149.

Gorham, E. & Rochefort, L., 2003. Peatland restoration: A brief assess-
ment with special reference to Sphagnum bogs. Wetlands Ecology and

Management, 11: 109-119.

Graf, U., Wildi, O., Kuchler, M. & Ecker, K., 2010. Five-year changes in
Swiss mire vegetation. Botanica Helvetica, 120: 15-27.

Griinig, A., 1994. Mires and Man. Mire Conservation in a Densely Pop-
ulated Country - the Swiss Experience. Excursion Guide and Symposium
Proceedings of the 5th Field Symposium of the International Mire Conservation
Group (IMCG) to Switzerland 1992. Birmensdorf, Switzerland, Swiss Feder-
al Institute For Forest, Snow and Landscape Research.

Joosten, H. & Clarke, D., 2002. Wise use of mires and peatlands. Background
and principles including a framework for decision-making. International Mire
Conservation Group and International Peat Society, Finland. p. 304.

Klaus, G., 2007. Etat et évolution des marais en Suisse. Résultats du
suivi de la protection des marais. Etat de 'environnement no 0730. Etat de
I'environnement. Berne, Office fédéral de I'environnement.

Limpens, J., Berendse, F., Blodau, C., Canadell, J. G., Freeman, C., Hold-
en, J., Roulet, N., Rydin, H. & Schaepman-Strub, G., 2008. Peatlands and
the carbon cycle: from local processes to global implications - a synthe-
sis. Biogeosciences, 5: 1475-1491.

Mitsch, W. J. & Gosselink, J. G., 2000. Wetlands. John Wiley & Sons, New
York; NY, USA. p. 920.

Moore, P. D., 2002. The future of cool temperate bogs. Environmental Con-
servation, 29: 3-20.

152

8

> PEATLAND'S PLANT COLLECTION
EX SITU CONSERVATION
CLIMATIC EFFECTS ON VEGETATION

Pastor, J., Solin, J., Bridgham, S. D., Updegraff, K., Harth, C., Weisham-
pel, P. & Dewey, B., 2003. Global warming and the export of dissolved
organic carbon from boreal peatlands. Otkos, 100: 380-386.

Rochefort, L. & Bastien, D. F., 1998. Reintroduction of Sphagnum into
harvested peatlands: Evaluation of various methods for protection

against desiccation. Ecoscience, 5: 117-127.

Samaritani, E., Siegenthaler, A., Yli-Petéys, M., Buttler, A., Christin, P.-
A. & Mitchell, E. A. D., 2011. Seasonal net ecosystem carbon exchange
of a regenerating cutaway bog: how long does it take to restore the C-se-

questration function? Restoration Ecology, 19: 480-489.

Strack, M., Waddington, J. M., Lucchese, M. C. & Cagampan, J. P., 2009.
Moisture controls on CO2 exchange in a Sphagnum-dominated peat-
land: results from an extreme drought field experiment. Ecohydrology, 2:

454-461.

Warner, B. G. & Asada, T., 2006. Biological diversity of peatlands in Can-
ada. Aquatic Sciences, 68: 240-253.

Yu, Z., Beilman, D. W,, Frolking, S., MacDonald, G. M., Roulet, N. T,,
Camill, P. & Charman, D. J., 2011. Peatlands and Their Role in the Global

Carbon Cycle. Eos, Transactions American Geophysical Union, 92: 97-98.





