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Cryoconite holes are ice-bound microbial ecosystems that develop on glacial surfaces as a
result of the deposition of low albedo material. That material induces localized melting,
providing water for the development of spatially well-defined microbial communities featuring
a complex array of primary producers and consumers. Cryoconite holes comprise ~5% of glacial
surfaces in the McMurdo Dry Valleys (MDV) in Antarctica, and are important for both regional
nutrient cycling processes and the distribution of biodiversity. In the MDV, these are typically
closed systems, as low temperatures cause ice lids to form, entombing the community. Cryoconite
holes can persist for decades, melting internally each summer. However, during very warm summers
in the MDV, the ice lid can melt, creating an open ecosystem for the season.

Intellectual Merit :
These unique systems offer an unparalleled opportunity to test fundamental questions about
microbial community assembly and its effects on biodiversity and ecosystem function in a real-world,
contained ecosystem. Given their largely isolated nature, community assembly in cryoconite
holes is likely to be highly affected by stochastic dynamics including dispersal limitation,
assembly order and ecological drift. This project will use a field sampling campaign and a
number of manipulative experiments to test a novel hypothesis that unites theory in community
and ecosystem ecology: the degree to which stochastic processes guide microbial community
assembly will affect regional patterns in biodiversity and ecosystem processes.

Cryoconite holes will be sampled to examine community composition, environmental factors,
and ecosystem processes in hydrologically connected vs. isolated holes. New cryoconite holes
will also be constructed to specifically alter assembly order and community size, thereby
pairing a unique manipulative experiment with field surveys to address questions with relevance
within and beyond the Antarctic. Amplicon sequencing, metagenomics, microscopy, sensitive
environmental chemistry methods and photosynthesis and respiration measurements will be used
to test of series of subhypotheses that relate stochasticity to patterns in regional biodiversity,
heterogeneity in environmental factors, and ecosystem processes.

Broader Impacts :
The links between community assembly, biodiversity and nutrient cycling are essential to unravel
across numerous ecosystems, given their importance for ecological responses to environmental
change. The unique nature of cryoconite holes provides an experimental system that may advance
fundamental theories at the interface of community and ecosystem ecology. In addition, this
work has direct relevance to understanding a changing Antarctic. Recently, the MDV LTER group
documented the end of a decades-long cooling trend and observed greater frequency of summers
with high streamflows. As described above, slightly warmer summers in the MDV can result in
a more open cryoconite ecosystem with subsequent decreases in stochasticity. Thus, the proposed
work will have implications for understanding how current and projected climate shifts may
affect MDV biodiversity. As well, decreases in stochasticity can change the relationship between
biodiversity and ecosystem function, with subsequent implications for regional biogeochemistry
given the potential importance of cryoconite holes as sources of microbial communities for
MDV stream ecosystems.

The proposed work includes graduate and postdoctoral training opportunities and brings a new
PI to Antarctica. As well, this work will involve a unique outreach component facilitated
by University of Colorado’s CU Learn More About Climate, including the development of K-12
teaching materials and classroom visits. This project will also allow a new collaboration
with the Center for Environmental Journalism at the University of Colorado that will include
blogging on a highly visible site hosted by Discover Magazine and the production of multimedia
outreach material by journalism students.

This proposal requires fieldwork in the Antarctic.
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