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Emerging Technologies for Inland Water and Marine Observations

** Warwick Vincent

Center for Northern Studies, Laval University, Quebec City, Canada

From the earliest studies in limnology and

oceanography onwards, the advent of new
technologies has allowed old questions to be
addressed in new ways, and has opened up new
questions that were previously inconceivable.

For example, the Swiss naturalist Francois Forel,
who established limnology as a new discipline and
defined it as ‘the oceanography of lakes’, developed a
continuous recorder of lake levels at the millimeter
scale, and the resultant data allowed him to formulate
a quantitative theory to explain and predict the surface
seiches that had long puzzled lake residents and
scientists. His application of the reversing
thermometer, newly developed for oceanographic
studies, gave rise to the first observations of internal
waves that he found difficult to explain, and his
conception of a moored system with photographic
plates showed that photochemically active radiation
penetrated the water column and declined
exponentially with depth.

Today there is intense interest in the development
of new observation systems for lakes, rivers and
oceans, driven by the urgent need to achieve four
interrelated objectives for the proper management of
aquatic resources: 1) spatial observation, including
identification of pollution zones or critical habitats for
marine and freshwater biota; 2) temporal monitoring,
including the early detection of extreme events such
as toxic blooms; 3) prediction, via statistical or
numerical models; and 4) improved understanding, to
produce and refine the conceptual models that
underpin prediction.

There are rapid advances in spatial observation
technologies, including: fleets of remote sensing
satellites with high spatial resolution (see the
Landsat-5 image above of a toxic Microcystis bloom

on Lake Erie; http://earthobservatory.nasa.gov),

autonomous underwater vehicles (AUVs including

gliders), and unmanned aerial vehicles (UAVs or

drones), including their deployment to take water
samples. Observation methods include synthetic
aperture radar (SAR), hyperspectral optical sensors,
acoustics (sonar instruments), and imaging systems,

including low cost video cameras.

Temporal
monitoring  in
the future will
continue to rely
on moored
instruments  as

well as

ship-based
profiling systems that provide detailed observations
throughout the water column, and innovative sensors
that are generating new insights into biogeochemical
gas fluxes, biological production and species changes.
Lower cost flow cytometry and cell sorting
instruments are changing the nature of monitoring
programs and are stimulating new laboratory-based
experiments and analysis.

There is a huge effort internationally to develop and
apply molecular methods based on nucleic acid and
protein sequencing, and the results are revolutionizing
our view of biodiversity, food web structure and
plankton processes in lakes and oceans. The trend
towards application of these approaches to monitoring
includes the ‘Environmental Sample Processor’
developed by the Monterey Bay Aquarium Research
Institute (MBARI), which allows in situ DNA
analysis and quantification of plankton components.

Finally, it should be noted that a major challenge
for all of these approaches is the integration, analysis
and interpretation of large data sets that are spatially
and temporally distributed. Powerful new approaches
are emerging to deal with ‘Big Data’ at scales ranging

from genomes to biomes.
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