Climate-Aquatics Blog #73: BIG DATA as an engine for aquatic
information creation

(...as long as you don’t drown in it...)
BIG DATA Blg Opportunltles

-Dlstrlbutlnn T
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The smartest thing, the only thing really, we can do to conserve & preserve fisheries and aquatic
biodiversity as the climate warms this century is to invest our limited resources wisely.
Conservation needs will always outpace our ability to meet them, so maximizing returns on
investments is crucial. Doing so requires good information to guide investment choices, and data
are fundamental to creating that information. Good thing we live in a world that veritably drips
with data (graphic 1). Everywhere you look, once you know how to look, it lurks—not at all
unlike the classic scene in the Matrix when Neo first perceives Agent Smith’s true nature and the
digital artifice that surrounds him (click here for the YouTube refresher). As described last time,
eDNA will be an important contributor to, and accelerant of, that data drip (blog #72); as will
easy-to-use protocols for collecting stream flow and temperature data (blog #60) in what Porter
& colleagues call the “sensor data deluge” (study hyperlinked here). But before collecting yet
more data, it’s also important to realize that we’re oftentimes sitting on mountains of the stuff
that is seriously underutilized & could be mined to produce high quality information at low cost.
Collectively, there are 100s (1000s?) of natural resource agencies and organizations that collect
data in, & about, streams and lakes globally, & we have spent many billions of US$ doing so.
But a significant impediment to using much of those data is that they are not usable. In fact, it’s
frequently the case that no one other than the few people involved in specific collection activities
even know the data exist because they live in disparate file cabinets (the data, not the people) or
hard-drives outside of real databases. Heidorn calls these “dark data” (study hyperlinked here)
and discusses their great potential utility to science, and great risk of being lost forever as we
transition from the age of paper to one that is digital.



https://www.youtube.com/watch?v=zYwdzYC3uUc
http://www.fs.fed.us/rm/boise/AWAE/projects/stream_temp/blogs/72eDNA_RevolutionForAquaticBiodiversityAssessments.pdf
http://www.fs.fed.us/rm/boise/AWAE/projects/stream_temp/blogs/60BONUS_Blog_NewReportDescribesDataCollectionProtocolsForFlowTempInWadeableStreams.pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.453.5358&rep=rep1&type=pdf
https://www.ideals.illinois.edu/bitstream/handle/2142/10672/heidorn.pdf?sequence=2

We all know examples of, or have, dark data that could & should be brought into the light.
Unfortunately, there are no easy ways of doing so other than rolling up our collective sleeves and
diving in. In the case of stream temperature data in the western U.S., it’s taken our NorWeST
temperature team the past 4 years to clean & organize data from >100 agencies into a functional
database & we still have 1 more year & several states to go. And that’s just one type of data in
one part of the country so there’s just a huge amount of work yet to be done to get our legacy
datasets up to snuff. But as different groups work their way through dark matter database
development, it’s rather impressive to see what’s out there. Two prime aquatic examples are
MARIS (Multistate Aquatic Resource Information System), which hosts >1,000,000 fish sample
records for >1,000 species in 25 states; and MapIT (Mapping Application for Freshwater
Invertebrate Taxa), which hosts >1,500,000 records at >15,000 national sites for >5,000 aquatic
macroinvertebrate species (graphic 2). Also fair aquatic database game to consider are those that
consist of environmental descriptors, like the national StreamCat database recently developed by
EPA, or a similar precursor developed by the National Fish Habitat Partnership (graphic 3).
Those descriptors are typically remotely sensed or calculated from digital elevation models
(DEM) but serve as very useful predictor variables when developing models to analyze or predict
patterns in streams and lakes. McManamay & Utz (study hyperlinked here) discuss other notable
aquatic databases and how open access to large amounts of data presents opportunities and
challenges. Then also there are the seriously large databases like GBIF (Global Biodiversity
Information Facility), which contains >600,000,000 species occurrence locations across all
taxonomic groups globally. Or the U.S.-centric version of that species database recently started
by USGS through their BISON initiative (Biodiversity Information Serving Our Nation).

In addition to archiving disparate datasets for posterity, building high-quality databases provides
significant value that is quite tangible. In the case of NorWeST, it has taken $1,000,000 in
salaries to maintain a database team for 4 years, but that team has created an open-access
database from contributions by hundreds of people that would require $10,000,000 & decades of
field work to replicate. The true value of any database, however, isn’t what it costs to collect the
data, but rather that it allows data to be handled & summarized efficiently to provide useful
information for decision making. A decision might be as simple as foregoing new data
collections (& the associated costs) because the desired data already exist in the database. Or if
new data are collected, deciding where to collect them so as to avoid redundancy with existing
data locations—a straightforward proposition once data sites are easily queried and mapped
(graphic 4). But more exciting is that as more databases are developed, it becomes possible to
merge them in interesting ways and conduct novel analyses that yield previously impossible
insights. As this process proceeds, we’ll increasingly find ourselves not so much limited by data,
but by the quality of the questions we ask of data. Poisot & colleagues (study hyperlinked here)
argue that if guided by sound hypotheses, such “synthetic datasets” will lead to rapid scientific
advances and information creation (graphic 5). That dynamic couldn’t happen at a better time
given the climate times we live in, and I’m confident that the collective creativity & ingenuity of
fish people will find many ways to capitalize on the world of new opportunities opening to us.

Until next time, best regards. Dan

" Tweeting at Dan Isaak@ Danlsaak -



http://www.marisdata.org/
http://wmc6.bluezone.usu.edu:8080/dbsight/search.do?indexName=bugsdbsearch&templateName=MapResults&length=2000&facetLimit=50&q=&mapChoice=pins
http://wmc6.bluezone.usu.edu:8080/dbsight/search.do?indexName=bugsdbsearch&templateName=MapResults&length=2000&facetLimit=50&q=&mapChoice=pins
http://www2.epa.gov/national-aquatic-resource-surveys/streamcat
http://www.neoninc.org/sites/default/files/biblio-files/McManamay-Utz-2014.pdf
http://www.gbif.org/occurrence
http://www.gbif.org/occurrence
http://bison.usgs.ornl.gov/#about
http://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html
https://www.researchgate.net/profile/Timothee_Poisot
https://twitter.com/DanIsaak
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Databases Also Exist for Environmental Descriptors
That are Often Used as Predictor Variables in Models
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Synthetic Analyses & Rapid Creation of Valuable New
Information Become Possibilities Through Fusion of
Complementary Databases
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Welcome to the Climate-Aquatics Blog. For those new to the blog, previous posts with embedded
graphics can be seen by clicking on the hyperlinks at the bottom or by navigating to the blog archive
webpage here:

(http://www.fs.fed.us/rm/boise/ AWAE/projects/stream_temp/stream_temperature_climate aquatics_blog.

html). The intent of the Climate-Aquatics Blog is to provide a means for the ~9,000 field biologists,
hydrologists, anglers, students, managers, and researchers currently on this mailing list across North
America, South America, Europe, and Asia to more broadly and rapidly discuss topical issues associated
with aquatic ecosystems and climate change. Messages periodically posted to the blog highlight new
peer-reviewed research and science tools that may be useful in addressing this global phenomenon.
Admittedly, many of the ideas for postings have their roots in studies my colleagues & | have been
conducting in the Rocky Mountain region, but attempts will be made to present topics & tools in ways
that highlight their broader, global relevance. | acknowledge that the studies, tools, and techniques
highlighted in these missives are by no means the only, or perhaps even the best, science products in
existence on particular topics, so the hope is that this discussion group engages others doing, or interested
in, similar work and that healthy debates & information exchanges occur to facilitate the rapid
dissemination of knowledge among those concerned about climate change and its effects on aquatic
ecosystems.

If you know others interested in climate change and aquatic ecosystems, please forward this message to
them. If you do not want to be contacted again in the future, please reply to that effect and you will be de-
blogged.
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