Temperature controls organic
carbon sequestration in a subarctic
lake
Rªxvxvw|
Aªw|xvw|
Pªv|xvw|

Marttiina V. Rantalaw, Tomi P. Luotox & Liisa Nevalainenx
Widespread ecological reorganizations and increases in organic carbon (OC) in lakes across the
Northern Hemisphere have raised concerns about the impact of the ongoing climate warming on
aquatic ecosystems and carbon cycling. We employed diverse biogeochemical techniques on a high}v»Æ
magnitude and mechanism of change in aquatic carbon pools prior to and under the anthropogenic
based summer air temperature reconstruction tracked changes in aquatic production, depicting a
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century. OC accumulation rates displayed similar coeval variation with temperature, mirroring both
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OC accumulation is primarily connected to elevated lake production rather than terrestrial inputs. The
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e Arctic is warming at an unprecedented rate1 with a myriad of in uences on the ecological functioning and
carbon balance of sensitive northern ecosystems2 4. Temperature has a fundamental control over northern landscapes through constraints on biological production and on material uxes restrained by the freezing of terrestrial
soils and prolonged snow and ice cover period. Even small shi s in temperature patterns thus have the potential to alter ecosystem productivity, community structure, and terrestrial and aquatic elemental cycles3,5. Recent
research has demonstrated widespread increases in the concentrations of dissolved organic carbon (DOC) in
lake waters across the Northern Hemisphere6,7, as well as increases in sediment organic content over the 20th
century8 10. ese changes in aquatic carbon dynamics have profound e ects on lake ecosystem functioning and
metabolism11,7, yet no scienti c consensus exists on the mediating role of the anthropogenic warming. Previous
studies have evidenced a number of direct and indirect temperature controls over aquatic carbon pools, a ecting
aquatic production12, the generation and transport of organic matter from the terrestrial environment4, and abiotic and biotic mineralization in lake water13 and sediments14. Ecosystem responses are, however, highly heterogeneous and the climate in uence may be superimposed on other human-induced environmental changes. Aside
from climatic factors, changes in land-use15 and atmospheric deposition chemistry, including declines in sulfate
deposition6 and increased nitrate deposition10, have been proposed as key drivers of recent change in aquatic
OC dynamics. Deeper understanding of the underlying mechanisms, their complex interactions, and variability
through time is wanting, hampering our ability to predict ecosystem responses to global change.
With this study we attempt to build towards a better understanding of the link between carbon dynamics and
temperature in northern lakes by examining high resolution temporal variations in sediment OC pools prior to
and under the recent warming in subarctic Lake NÆmmÆjÆvri at the Fennoscandian treeline (Fig. 1). Elemental
(C, N) and stable isotopic ( 13COM, 15NOM) composition of the sediment were examined in connection with
a proxy-based (fossil Chironomidae) summer air temperature reconstruction to track climate-driven changes
in OC origin, concentrations and accumulation. Concomitant e ects on carbon utilization in the benthic food
web were investigated from the stable isotopic composition of fossil invertebrate (Cladocera) chitin. To estimate
changes in solar radiation attenuation and lake water UV transparency, controlled by terrestrial OC input, the
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degree of UV absorbance of benthic Cladocera was assessed. We expected to nd temperature-driven increase in
the export of terrestrial OC in association with the 20th century warming, contributing to an increase in the sediment carbon pools and a ecting carbon utilization patterns and UV transparency in the lake. e results build
towards an improved understanding of the in uence of global change on aquatic carbon dynamics in northern
lakes that constitute an integral element in the global carbon cycle.

Results and Discussion

Our record depicts synchronous variations in temperature (Fig. 2) and the biogeochemical composition of sediment (Fig. 3) over the past 600 years, implying a tight connection between temperature and aquatic carbon
pools. Comparable records of temperature variability over decadal time scales in northern Finland are sparse,
yet the inferred temperature pattern from Lake NÆmmÆjÆvri is consistent with previous high-resolution proxy
records from northwestern Finland16,17 and across the circumpolar arctic1. Previous studies have discerned warm
temperature anomalies during the Middle Ages followed by a cool climate interval referred to as the Little Ice
Age (LIA) that marked the culmination of the Neoglacial cooling1,18,19. ere is broad geographical variation in
the timing of the LIA, ranging from the 13th until the early 20th century19, yet the distinct decline in temperatures
at ~1700 1900 C.E. in the present record (Fig. 2) is consistent with earlier paleoenvironmental studies from
Finland. Temperature minima were reached at around 1700 C.E. in southern Finland (60 N) and around 1900

2

