Influence of permafrost degradation and shift in vegetation on litter and soil properties:
case study in Central Alaska
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Global warming affects the Arctic and sub-Arctic regions by exposing previously frozen
permafrost to thaw, unlocking mineral nutrients, stimulating microbial activity, and boosting plant
growth. Initially composed of graminoids, forbs, deciduous and evergreen shrubs, mosses and
lichens, Arctic tundra is subject to a shrub, forb and moss expansion, at the expense of graminoid
species. For now, little is known about the intrinsic foliar properties of these plant species and how
they may influence properties of the underlying litter. Therefore, we investigated vegetation foliar
properties and litter properties (organic carbon, C/N ratio, cation exchange capacity (CEC), pH,
and concentrations of major and trace elements), from a typical Arctic tundra across a natural
gradient of permafrost degradation.

Results show that vegetation foliar properties are intrinsic to plant species and do not depend
on the permafrost degradation stage. Furthermore, the natural gradient of permafrost degradation
showed contrasts in litter mineral element concentrations, related to the occurring shift in
vegetation. For example, we found a decrease in silicon concentrations in the litter between the
least and the most degraded permafrost site, which is concurrent with the decrease in graminoids
(Si-rich plant species) and the increase in shrubs biomass (Si-poor plant species), upon permafrost
degradation. Therefore, changes in vegetation composition may influence litter properties, such as
C/N ratio, CEC and mineral element concentrations (Figure 1), which could in turn influence C
dynamics with the change of nutrient availability for plant cover.

References

Chapin F. S., Sturm M., Serreze M. C., McFadden J. P., Key J. R., Lloyd A. H., McGuire A.
D., Rupp T.S., Lynch A. H., Schimel J. P., Beringer J., Chapman W. L., Epstein H. E., Euskirchen
E. S., Hinzman L. D., Jia G., Ping C-L., Tape K. D., Thompson C. D. C., Walker D. A., Welker J.
M., 2005. Role of land-surface changes in Arctic summer warming. Science, 310(5748), 657-660.

Hobbie, S. E., 1996. Temperature and plant species control over litter decomposition in
Alaskan tundra. Ecological monographs, 66(4), 503-522.

Schuur E. A. G., McGuire A. D., Schadel C., Grosse G., Harden J. W., Hayes D. J., Hugelius
G.,Koven C. D., Kuhry P., Lawrence D. M., Natali S. M., Olefeldt D., Romanovsky V. E., Schaefer


mailto:maelle.villani@student.uclouvain.be
mailto:elisabeth.mauclet@uclouvain.be
mailto:yannick.agnan@uclouvain.be
mailto:sophie.opfergelt@uclouvain.be
mailto:ted.schuur@nau.edu

K., Turetsky M. R., Treat C. C., Vonk J. E., 2015. Climate change and the permafrost carbon
feedback. Nature, 520(7546), 171-179.

Figure: Changing litter elemental composition and properties upon shift in subarctic tundra
vegetation from sedges (left) to forbs and mosses (right) upon permafrost degradation.
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