The hyporheic story in Arctic streams – surprises beneath the stream surface

Most people do not realize that when they look at a stream they are only seeing a portion of the total flow in the channel.  The water you see is the ‘open channel’ flow.  However, depending on the geological setting, a significant portion of the total flowing water in a stream may actually be flowing through the steam bed and not just over it.  This subsurface water is flowing more slowly than the water in the open channel, but more rapidly than groundwater seepage, which is the source water for most of the total water that flows in streams (aside from short-lived stormwater flow which may run across the land surface to streams).   This subsurface zone in streams is call the hyporheic zone from ‘hypo-’ which means ‘underneath’ and ‘rheic’ with refers to ‘flow’.


Stream ecologist first became interested in the hyporheic zone when scientists in Europe and North America discovered that there are organisms that have become specialists, living exclusively in the hyporheic zone.  It quickly dawned on researchers who were interested in biogeochemical dynamics in streams, that the hyporheic zone might be critically important for organic matter processing and nutrient turnover in streams.  In effect, the hyporheic zone is a ‘trickle filter’ much like you would find in a sewage or water treatment plant, where bacteria growing on the fixed gravel substrate in the trickle filter process and cleanse the water.  Most streams, it turns out, have built in ‘treatment plants’ in the form of the hyporheic zone, where organic matter is mineralized and nutrients are regenerated.  Total production in streams and rivers would be much less than it is if it were not for this internal processing.

Until our group began to think about this, there was no other literature about hyporheic processing in Arctic regions.  We reasoned that the Arctic could be an interesting exception where hyporheic processing might be negligibly important for two simple reasons.  First, we thought the presence of permafrost would physically constrain the development of the hyporheic zone and would minimize biological processing due to low temperatures.  Second, we thought that the sediments that are typical of these tundra streams might not conduct much water.  While the stream substrates are often composed of cobble and gravel, they are embedded in a very fine silt matrix that we reasoned must have a low hydraulic conductivity.


In experiments that we have recently concluded, we found that all of our assumptions were wrong.  A significant ‘thaw bulb’ develops under streams in the thawed summer months and creates the potential for a hyporheic zone to develop.  (In even more recent experiments, we are beginning to suspect that this thawed zone persists for much longer in the year that we formerly imagined.)  Furthermore, we found that the sediments were more porous than we suspected.  While the flow paths through the sediment are apparently tortuous, they are significant.  Finally, we found that there is indeed significant biogeochemical processing the hyporheic zone of these streams…at least during the summer thawed season, and perhaps beyond.  The regeneration of nutrients in this zone could account for 14-162% of the nitrogen requirements by primary producers in the Kuparuk River!  

In new research that is just now underway we have completed a proof of concept experiment that shows that we can use ground penetrating radar (GRP) to reliably ‘see’ the thaw bulb in Arctic streams.  Thus we can see the potential area for hyporheic development.  Our own research shows that geomorphological characteristics of the landscape strongly influence the nature of stream reaches.  Research by others has suggested that geomorphology also influences the way that the hyporheic zone develops.  If – as is suspected – climate change in the Arctic alters the geomorphology of the land and the streams that cross it, then we can expect changes to the hyporheic zone as well.  The potential impacts of these changes on material processing from the tundra to coastal and marine receiving waters are currently unknown and a major focus of our research. 
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