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Long-term limnological data sets are increasingly valued for 
the unique perspective they provide on the complex dynamics 
of organisms and ecosystems, particularly as lakes respond to 
both anthropogenic perturbations and longer-term environ-
mental phenomena.  Even a quick perusal of Limnology and 
Oceanography’s publication history demonstrates the increas-
ing contributions of long-term data to scientific productivity 
(Figure 1), and several large collaborative projects focused 
on integrating long-term data sets over the past decade (e.g., 
Jeppesen et al 2005, Lenters et al 2012) have drawn attention to 
a multitude of ongoing long-term limnological programs that 
generate rich data sets.

Recent studies provide powerful examples of the role of 
multi-decadal data sets in elucidating major ecological processes 
in lakes, from documenting surprising patterns of ecosystem 
response to shifting climate to unraveling complex underlying 
mechanisms. Typically, these high-value long-term studies are 
based on lakes that have long histories of limnological research.  
However, long-term limnological data collection is far more 
extensive than is suggested by either the current state of the 
literature or the current availability of long-term limnological 
data in public repositories.  Many government and citizen-
based programs have produced a wealth of lake data that have 
received limited attention in both research and management 
arenas.  

At the 2013 meeting of the Association for the Sciences 
of Limnology and Oceanography in New Orleans, a special 
session convened researchers who discussed the challenges, 

creative opportunities, and value to society and science that 
are presented by long-term data collection in lakes. A diversity 
of perspectives was captured - from those who work with 
high-resolution data collected by professional scientists, to those 
who use citizen science and local knowledge to gain long-term 
perspective in their research and lake management strategies. 

The recent (and ongoing) tumultuous events experienced by 
Canada’s Experimental Lakes Area (ELA), where scientists have 
provided multiple exemplars of the value of long-term research, 
provide a timely moment to enrich the discussion and to learn 
what might be lost when long-term data collection ceases. The 
Canadian federal government’s decision to stop supporting the 
ELA in 2012 led to a large outcry from the scientific commu-
nity that underscored the value of this unique resource and the 
opportunity it provided for both limnological experiments and 
observing long-term trends in water quality - a value recog-
nized by Provincial governments and the International Institute 
for Sustainable Development, who will now provide support 
for ELA.

Here we reflect on topics highlighted in the recent ASLO 
session in order to focus discussion on key roles that long-term 
data sets have played in limnology and the management of 
lakes. The value of long-term environmental data collection for 
fueling major scientific advances as well as sound lake steward-
ship by managers was clearly demonstrated in the session. While 
the positive attitude toward this topic is perhaps not surprising 
given that all the session presenters are engaged in long-term 
lake research at some level, the points they made were robust, 
providing a diverse body of evidence to support the importance 
of ongoing investments in long-term limnological research 
(e.g., Dodds et al. 2012). Scandinavian and European research-
ers have been particularly successful in fostering both the 
proliferation and the synthesis of long-term lake data sets (e.g., 
Jeppesen et al. 2003, 2005). These highly collaborative analyses 
have coalesced large groups of geographically distributed col-
leagues to move limnology forward in fundamental ways while 
providing robust evidence-based guidance for lake managers. 
For example, attempts to reverse anthropogenic eutrophication 
have been monitored in a large number of long-term limno-
logical programs; the synthesis of results provides guidance to 
lake managers and other decision-makers about the conditions 
under which re-oligotrophication is most likely to be successful 
(Jeppesen et al 2003). 

Inspired by a diversity of successes in synthesizing distribut-
ed lake data sets to uncover large-scale patterns (e.g., Magnuson 
et al. 2000, Bastviken et al. 2011), several ASLO presenters up-
dated the group on new efforts to create collaborative data sets 
in search of new discovery, most of them based in the United 
States where such syntheses have been comparatively rare. The 
Global Lake Temperature Collaboration is a rapidly growing 
group of over 75 researchers who are collating long-term 
summer water temperature data, estimated from both satellite 
and in situ measurements, to better understand world-wide 
rates and patterns of inland water warming as climate continues 
to change. Another new distributed collaboration in the upper 
Midwestern and Northeastern U.S. – CSI: Limnology - is gath-
ering an estimated 18,000 lake data sets from a 17-state region 

Fig 1. The number of Limnology and Oceanography publications 
referring to long-term field data in their abstracts has increased 
over time. To generate an index of the use of long-term data 
in limnological publications, we did a targeted Web of Science 
search ( [“long-term” or “monitor*” or “time series”] and “lake*”) 
in L&O, resulting in 214 records; a quick perusal of the abstracts 
reduced this number to a total of 90 publications that used long-
term limnological data.

mailto:hampton%40nceas.ucsb.edu?subject=
mailto:ehstanley%40wisc.edu?subject=


75

that includes >1,400 records with 20+ years of data collected 
by academic scientists and lake managers.  This data set will 
be used to examine lake responses to drivers across multiple 
scales from climate to local human activities. While this project 
is still in early stages where data collation and integration are 
dominant activities, they received inspiration from a presenter 
who discussed some of the first major successes of the Global 
Lake Ecological Observatory (GLEON) project. The GLEON 
network confederates data from globally distributed lake buoys 
that have sensors measuring temperature and other parameters 
on fine temporal resolution. Using GLEON data, Solomon 
et al. (2013) recently demonstrated the power of synthesizing 
these fine-scale temporal measurements across a large number 
of lakes, discovering for the first time the fine-scale changes in 
microbial respiration historically thought to be simply measure-
ment error. 

A number of presenters recognized the urgent need for 
and the widespread lack of long-term data that would inform 
management and policy actions to relieve problems in water 
quality and availability worldwide, and they showcased creative 
solutions to filling gaps and extending time series. Where 
long-term lake data are available for certain parameters, but 
others that are of interest to lake managers and scientists are 
missing, modeling can provide estimations of some ecosystem 
properties over the long term, such as describing likely ef-
fects of anthropogenic ecosystem change on fish growth and 
habitat. And where data gaps exist or time series are shorter 
than desired, sediment cores from lakes may provide long-term 
perspective on baseline conditions, yielding information on 
primary producers and nutrient status, frequently on an annual 
timescale and over hundreds or thousands of years. Similarly, 
a greater breadth of temporal and spatial coverage can be 
provided through employing public participation in scientific 
research (PPSR). One presenter described a Bayesian statistical 
model that helps researchers to dovetail PPSR data and local 
social-science survey data with professionally collected in situ 
and remote sensing data; in this case, every scrap of data helps 
to piece together the trends of water quality and availability in a 
developing country ravaged by war, where long-term limno-
logical data are simply not available.

Overall, the presentations highlighted a need for both 
more sophisticated statistical techniques than normally used 
by limnologists to analyze these diverse long-term time series, 
and a need for more widespread training in data-intensive, 
quantitative science. Such training would include not only 
the appropriate analytical approaches but also generalizable 
informatics skills that aid collaborative use of long-term data. 
A recent publication (Hernandez et al. 2012) highlighted 
the urgent need for training that would allow environmental 
scientists to take advantage of new technologies and quantita-
tive approaches. This survey of 434 graduate students calls out a 
large number of deficiencies in preparing students for modern 
scientific opportunities, and just to mention a few: 74% had 
never had any coursework in managing or analyzing complex 
data, 80% had no coursework in information science or data 
management, and 88% had never had training in time series 
analysis. 

All of the researchers with whom we interacted in the 
ASLO session professed a painful awareness of the massive 
informatics and sociocultural challenges that must be over-
come in order to collate and synthesize heterogeneous data 
contributed by a multiple individuals. Thus, probably more 
than many scientific audiences, this session’s participants were 
both humbled and enthused by exemplars of environmental 
data management presented by an established data repository 
for aquatic data sharing (bco-dmo.org). This collaboration 
demonstrated the uses of not just sound archive of data but 
value added by interface tools such as mapping and custom-
ized retrievals that encourage researchers to upload and re-use 
a wealth of existing long-term data. As the National Science 
Foundation and other internationally distributed funding 
organizations move toward more rigorous data management 
and sharing requirements, the session presenters shared enthusi-
asm for the scientific and management value that will be gained 
from the use and re-use of long-term limnological data, and 
optimism for a future in which training in these activities will 
become more commonplace.
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