Using Ice-Tethered Profilers to Examine Production in Sub-Ice Ecosystems
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The primary goal of this research was to examine ways to better understand the factors that affect the dissolved oxygen content of seawater under the Arctic sea-ice pack. The concentration of dissolved oxygen is an important indicator of biological activity in seawater, but it is also affected by physical processes that have no biological connection. This is particularly the case in polar regions under ice, where freezing and thawing significantly affect dissolved oxygen levels in addition to whatever biological contributions there may be. A first-order problem in understanding dissolved oxygen concentrations in Arctic, under-ice environments, is to distinguish between the biological and physical sources of variability in dissolved oxygen measurements.

A central aspect of this study was the pairing of two young WHOI scientists interested in this question in Arctic oceanography but who are addressing this question using divergent approaches. Dr. Mary-Louise Timmermans worked on the physical aspects of under-ice dissolved oxygen while an Assistant Scientist in WHOI’s Physical Oceanography Department. She has played a major role in interpreting the oxygen data being measured on WHOI Ice-tethered Profilers (ITPs, www.whoi.edu/itp), which have been deployed in numerous locations in the Arctic. Dr. Sam Laney (an Assistant Scientist in WHOI’s Biology Department) similarly has developed an expertise with the under-ice, autonomous measurement of biological indicators related to oxygen concentrations, including those that could be deployed on ITPs. A major result of this research effort is the development of a combination sensor cluster that can be used on ITPs to measure dissolved oxygen concentrations while at the same time collecting information on the potential sources of biological contribution using bio-optical proxies (Fig. 1). This combination of approaches culminated in the deployment of an ITP this past summer (2011) which carries both sensors for dissolved oxygen and also a bio-optical package for monitoring biological activity in the oxygen-generating phytoplankton (Fig. 2).
This proof-of-concept observational system is part of a much larger Arctic Observing Network (AON) program funded by the National Science Foundation. It is possible to measure dissolved oxygen and bio-optical properties directly from icebreakers. However, the autonomous observations that can be made daily, over an entire year or more, with a profiling system like the ITP open up tremendous new opportunities to monitor seasonal changes in both dissolved oxygen and bio-optical properties. A recent paper authored by Timmermans, Laney, Rick Krishfield and John Toole (WHOI Physical Oceanography Department) presented some of the first-order findings from an analysis of dissolved oxygen signatures of the Arctic Ocean over the past several years (Timmermans, M.-L., R. Krishfield, S. Laney, and J. Toole, 2010. Ice-Tethered Profiler measurements of dissolved oxygen under permanent ice cover in the Arctic Ocean. J. Atmos. Ocean. Tech. 27, 1936-1949). This publication has set the stage for a revised analysis of dissolved oxygen signatures in the Arctic, in the following year as new insight is provided by the complementary bio-optical sensors developed for the NSF-AON project. We wish to thank [the ?? Foundation] for giving us the opportunity to establish new interdisciplinary collaborations and pursue this exciting research.
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Figure 1:  A computer-designed model of the dissolved oxygen / bio-optical sensor package that was developed for use with WHOI Ice-tethered profilers (ITPs) under the Arctic Ocean sea ice. The system is built around a core conductivity-temperature-depth sensor (CTD, long cylinder attached to the middle of the bottom endcap). The oxygen sensor protrudes to the left of the CTD near where it meets the endcap. The bio-optical package is mounted to the right and involves a fluorometer (pink face), a light sensor (black face with white button), and a copper shutter (red paddle) that automatically protects these delicate sensors when they are not being used.





Figure 2:  Rick Krishfield (WHOI, right) and Gary Morgan ready a bio-optical / dissolved oxygen Ice-Tethered Profiler (ITP) for deployment in the Arctic in summer 2011. The profiler (attached to the cable and suspended) will be deployed through a hole drilled in the permanent sea-ice cover. The profiler will travel up and down the supporting cable making measurements of water-column properties for one year. The bio-optical / dissolved oxygen sensors can be seen at the very top of the profiler. (photo: M.-L. Timmermans)








