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Rock glaciers (i.e., creeping rocky debris containing permafrost ice) are the most widespread form of Alpine mountain permafrost, and their
[ CLIMATE CHANGE | internal ice represents an important water reservoir globally. Rock glaciers strongly influenced the habitat template of downstream waters due to
high solute export, especially in late summer under increased permafrost thaw. Rock glaciers may become increasingly important in shaping the
hydroecology of alpine river systems under continued deglaciation.

GOALS OF THE PROJECT

» Estimate the origin, the export and the ecological effects of trace elements in river networks affected by rock glacier thawing and glacier retreat

» Predict the future shifts of Alpine streams hydroecology under climate change

RESEARCH HYPOTHESES

> |n the short-term, trace elements reach peak concentrations either during the snowmelt (due to present-day deposited chemicals), autumn (due to
egacy contaminants) or autumn-winter (due to weathering products);

> |n the long-term, the combined effect of permafrost thaw and glacier retreat will cause the bulk concentrations of trace elements in the Alpine river
networks to increase, with the peak associated with permafrost thaw;

> Most trace elements found in surface waters originate from bedrock weathering, and a smaller amount derives from present and past atmospheric

Conceptual model of the effects of climate change (CC) and dep05|t|0n;
deglaciation on Alpine stream ecosystems. Lines with arrows:

direct influence. CC interacts with catchment specific featuresin | » Present-day deposition results in major concentrations occurring during the snowmelt period in all stream sections. Legacy contaminants are released

determining deglaciation and shifts in snow cover and during the glacier ablation or permafrost thaw periods;
vegetation. These key catchment changes and their interactions
have distinct consequences on the hydrology, geomorphology | 5, Trace element enrichment determines biomagnification processes in the aquatic foodweb, absence of sensitive species in dwelling communities of

and habitat, and on the quality of water and sediment. Different

time scale impacts of glacier retreat show the trend of key microbes, diatoms and invertebrates, and sub-lethal effects responsible for deformities in the body growth (diatoms, invertebrates);

hydrological and geomorphological parameters over the two

identified phases, i.e. before and after the “peak water” period | > Microbial metabolism can enhance or damp the bioavailability and toxicity of trace elements;

governed by glaciers. The resulting key biotic effects of

Seg'aciat‘Of‘B?”hA'Pti_”e Streatms e Slumma”;gi'g‘” bu”e;fg:éﬁ- > Metal resistance genes among bacterial communities are more frequently expressed in waters affected by thawing rock glaciers, and some are
rom rignenti d al., ; ’

https://doi.org/10.1016/j.scitotenv.2019.04.221 associated with resistance to antibiotics;

> We expect unknown resistance genes or novel variants to be released by thawing rock glaciers, as their ice hosts ancient water.

WHERE? Study area HOW? Sampling and monitoring stations

Five stream locations intensively monitored for each subcatchment:

= Futschol Valley (Jamtal, Upper Paznaun, Tyrol, TY) -
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* Madritsch/Madriccio (Martelltal/Val Martello, South Tyrol, ST1) Relict rock glacier

= Lazaun (Schnalstal/Val Senales, South Tyrol, ST2) Glacier

Reference spring (draining an area without periglacial landforms/glaciers/permafrost)
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Subcatchment outlet

The three study areas represent different stages of deglaciation:

» Futschol: still highly-glacierized, several rock glaciers
» Lazaun:residual glaciers (after the peak water), several rock glaciers

» Madritsch: no glaciers, residual ice fields, several rock glaciers

FUTSCHOL
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Additional periods (weather conditions), e.g.

* in-situ geomorphological and geological mapping with
special attention on permafrost tackled by ground and [
water temperature measurements and GPR surveys;

* Geological characterization of watersheds: tectonic,
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 Water origin and water chemistry

- Macrozoobenthos

Supporting data: - Metagenomics of spring biofilms (co-ocurrence of metal

resistance with antibiotic resistance)

Water: DOC, SS, nutrients, trace elements

Biofilm: organic content, chlorophyll @ (as a proxy of all pro- and eukaryotic
photosynthetic organisms)
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and Nitrogen stable isotopes will be used to reconstruct
possible pathways of uptake/biomagnification of trace
elements in biofilms, bryophytes, and benthic
invertebrates
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