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LTER’s future:  
Is the past prologue?  



Outline 
• Integration of Research & Teaching 
• Broadening Participation 
• International Partnerships 
• Alliances with Other Institutional Agendas  
• Theoretical Biology 
• Systems Biology 
• Biology and Society 



Integration of Research and Teaching 
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1.  Allows workers in the field to quickly and efficiently identify and verify species in the field, and fully document vouchers and observations (with several automatically measured spatial and environmental parameters) while error checking and transmitting that documentation on the fly.2. Increase the efficiency of field personnel by at least an order of magnitude and provide a new kind of observational data that is highly documented, very data rich, and very high quality - allowing fundamentally new kinds of analyses.
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“… the 21st century is 

going to see a cohesion 
of the sciences and 
disappearance of their 
borders.” 

 
 - David Baltimore 1 
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Integrating research and education projects, programs, and networks to 
create constellations of scholars 

Interdisciplinary Scholarship 



Foster transformative research 



Broadening Participation 



Broadening Participation 



Partnerships for International Research and Education (PIRE) 

International Partnerships 

Supporting the development of collaborative relationships 
between U.S. institutions and international organizations 



International Partnerships 



• American Competitiveness Initiative (ACI) 
– Increase Federal investment in critical research 
– Ensure that the United States continues to lead the  

world in opportunity and innovation 
– Provide American children with a strong foundation  

in math and science  
– Double investments in innovation-enabling science and 

engineering research at NSF, DoE SC, and NIST over 10 
years 
 

• National Science Foundation Strategic Plan 
– Discovery 
– Learning 
– Research Infrastructure 
– Stewardship 

Alliances with Other Institutional Agendas 



Biology is composed of four 
overarching theories  

• All living things are made from cells, the 
chemical factories of life: CELL BIOLOGY  

• All life is based on the same genetic code 
organized as DNA or RNA: GENETICS  

• All forms of life evolved by natural selection or 
genetic drift: EVOLUTION  

• All life is connected to form ecosystems: 
ECOLOGY 

Theoretical Biology 



Lead a conversation for 
defining and advancing the 
theoretical/conceptual bases of 
the biological sciences for the 
21st century. 

   Goal: advance BIO Mission: 
  

To enable the discoveries for 
understanding life.  

(1989) 

Theoretical Biology 



(1999) 



Interlinked Research-based 
Components of Sustainability Science 

SUSTAINABILITY 
SCIENCE 

Biological Systems 
Research 
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Geophysical Systems 
Research 
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From “Our Common Journey: A Transition Toward Sustainability,” Figure 6.1, page 281



• Develop a research framework that integrates 
global and local perspectives to shape a “place-
based” understanding of the interactions 
between environment and society. 
 

• Initiate focused research programs on a small 
set of understudied questions that are central to 
a deeper understanding of interactions between 
society and the environment. 
 

• Promote better utilization of existing tools and 
processes for linking knowledge to action in 
pursuit of a transition to sustainability. 

Priorities for Research:  
Sustainability Science 



Systems biology, through which knowledge 
about individual biological units is used to 
construct networks from the molecular level 
to the ecosystem scale, is the challenge of 
the future in biology.  

Systems Biology 



Continuous to Discontinuous Variation 
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Population dynamics can be described as a limit cycle that includes 2 periods of slow change and 2 periods of fast change. Transition to a fast process is a catastrophe. 



Biology and Society 



Biology and Society 



(2006) 

Successful 
programs linking 
knowledge with 
action require 
dialogue and 
cooperation 
between the 
scientists who 
produce knowledge 
(producers) and the 
decision makers 
who use it (users).  
Especially 
important is that the 
problem to be 
solved be defined 
in a collaborative 
but ultimately user-
driven manner. 

(2006) 
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Figure 2-1: The positioning of a boundary organization in an end-to-end system.From “Linking Knowledge with Action for Sustainable Development,” page 11.



• There is an urgent need to design strategies and 
institutions that can better integrate incomplete 
knowledge with experimental action into 
programs of adaptive management and social 
learning. 
 

• The strategies should include a spectrum of 
initiatives, from curiosity-driven research 
addressing fundamental processes of 
environmental and social change, to focused 
policy experiments designed to promote specific 
sustainability goals. 

Integrating Knowledge and Action  



What is past is prologue  



Odum made seven points that have endured: 
1. Analyze systems using reductionist and holistic methods. 
2. Use teams of investigators. 
3. Carry out long term studies. 
4. At the outset identify unifying theories and concepts for 

testing. 
5. Ecology is a transdisciplinary science. 
6. Integrate the natural and social sciences. 
7. Integrate the scientific and political-legal “spheres of 

action.” 

Odum anticipated three increasingly common 
features of modern ecological research 

1. Cyberinfrastructure 
2. Ecological economics 
3. Sustainable development 



 
And what of the future? 

 
How will LTER evolve? 

 
 What are the grand challenges?  

 
 What are LTER’s greatest 

challenges? 
 



Eight Grand Challenges 
• Biogeochemical cycles 

• Biological diversity and 
ecosystem functioning 

• Climate variability 

• Hydrologic forecasting 

• Infectious disease and the 
environment 

• Institutions and resource 
use 

• Land-use dynamics 

• Reinventing the use of 
materials 

(2001) 



• How are ecological 
systems affected by 
changes in land use and 
climate across a range of 
spatiotemporal scales? 

 
• How do the patterns and 

movement of genes and 
organisms across the 
continent affect 
biodiversity and the 
spread of infectious 
diseases and invasive 
species? 

NEON Grand Challenge Questions  
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(2004) 
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Presentation Notes
Through 30 conceptual design workshops and 3 community reference design workshops (160 of 700 volunteers) the biological sciences community has identified the most significant questions that need to be addressed if we are to understand regional to continental scale biosphere processes.The highlighted words signify five grand environmental challenges that have been identified by the National Academy of Sciences as the most significant challenges facing the US.These questions led to the formation of the science requirements, infrastructure requirements, infrastructure deployment, and cyberinfrastructure integration that comprises the NEON national instrument platform.NEON is transformative:	In design	Scale of questions and therefore research enabled	Technological approach	Citizen Science (intimate linking of science and education)	Cyberinfrastructure	Forecasting



Grand challenge research areas 
1. What is an ecological system, and what principles make it 

robust to perturbation? Do these general principles apply 
across all, or at least certain classes of systems? Under 
what conditions do systems become historically contingent?  

2. Are there general principles that explain the transition, 
especially the abrupt transition, of ecological systems from 
one set of conditions to another?  

3. What institutions will support the conversations between 
scientists and non-scientists without becoming advocates 
for either position?  

1. Real and virtual networks will increasingly drive scholarship.  
2. Technology will increasingly drive discovery and training.  

Some things to expect 



Increase CI capacity for data acquisition, management, and curation 

Sevilleta LTER 

The ecologist of the future 



LTER Past, Present & Future… 

Central challenge:  
 

How do you operate 
the LTER of today 

while becoming the 
LTER of tomorrow?  



Outline 
• Integration of Research & Teaching 
• Broadening Participation 
• International Partnerships 
• Alliances with Other Institutional Agendas  
• Theoretical Biology 
• Systems Biology 
• Biology and Society 



Back up slides 







Six Major Environmental Challenges 
• Biodiversity, species 

composition, and 
ecosystem functioning 

• Ecological aspects of 
biogeochemical cycles 

• Ecological implications of 
climate change 

• Ecology and evolution of 
infectious diseases 

• Invasive species 

• Land use and habitat 
alteration N
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(2004) 



(A) Traditional Approach to Sustainability Research, in which the effects of multiple 
human activities on environmental changes are assessed separately. 

(B) Place-based, Integrative Approach to Sustainability Science.  
Most challenges and opportunities exist at midrange scales. 
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From “Our Common Journey: A Transition Toward Sustainability,” Figure 6.2, page 286



• Indicators are essential to inform society over 
the coming decades how, and to what extent, 
progress is being made in navigating a transition 
toward sustainability. 

• Multiple indicators are needed to chart progress 
toward the goals for meeting human needs and 
preserving life support systems, and to evaluate 
the efficacy of actions taken to attain these 
goals. 
– Planetary circulatory systems 
– Regional zones of critical vunerability 
– Local inventories of productive landscapes and 

ecosystems 

Transition Toward Sustainability  



• Accelerate current trends in fertility reduction. 
• Accommodate an expected doubling to tripling of the 

urban system in a habitable, efficient, and 
environmentally friendly manner. 

• Reverse declining trends in agricultural production in 
Africa; sustain historic trends elsewhere. 

• Accelerate improvements in the use of energy and 
materials. 

• Restore degraded ecosystems while conserving 
biodiversity elsewhere. 

• Integrate approaches to research and actions at the 
regional scale related to water, atmosphere and climate, 
and species and ecosystems. 

There is no precedent for the ambitious enterprise of mobilizing science and 
technology to ensure a transition to sustainability. 

Priorities for Action:  
Knowledge-Action Collaboratives 



• Develop a research framework that integrates global and local 
perspectives to shape a “place-based” understanding of the 
interactions between environment and society. 
 

• Initiate focused research programs on a small set of understudied 
questions that are central to a deeper understanding of interactions 
between society and the environment. 
 

• Promote better utilization of existing tools and processes for linking 
knowledge to action in pursuit of a transition to sustainability. 
 

– Link long-term research programs to societal goals. 
– Couple global, national, and local institutions into effective research 

systems. 
– Link academia, government, and private sector in collaborative research 

partnerships. 
– Integrate disciplinary knowledge in place-based, problem-driven 

research efforts. 

Priorities for Research:  
Sustainability Science 



Perspectives on Barriers to Innovation 
• Agency Missions and Structure 

– Stovepipes and limited scope of missions limit breadth of conversations 
 

• Space to Innovate 
– Need for environment welcoming new ideas and a realistic amount of 

failure 
 

• Evaluation Systems and Metrics 
– Problems associated with using quantifiable information 

 
• Funding Mechanisms 

– Need for flexible funding approaches vs. guaranteed funding as a 
disincentive to innovation 
 

• Human Resources and Capacity 
– Lack of flexibility in hiring options 

 
• Political Uncertainty 

– Irony of success leading to a decline in funding 

“How to make results tangible and useful enough to meet goals across administrations… 
The missing thing is the long-term theme that transcends administrations, that allows 
things  to rise and fall as they meet needs…” 



Research 
& 

Education 

• Service to Society 
• Broadening  

Access 
• Education 

• Physical Operations & 
Infrastructure 

• Research & 
Scholarship 

• Policy, Planning, 
& Administration 

• Development & Training 

• Assessment & Reporting 

• Networking &  
Partnerships 
• Strategies for Change 

• Development &  
Training 

• Community  
Embeddedness 

• Knowledge Sharing &          
Product Development 

•Solution Options 

BIO as exemplar of an  
integrated NSF Directorate 



• How are ecological systems affected by 
changes in land use and climate across a 
range of spatiotemporal scales? 

– How will ecosystems respond to changes in 
land use and climate across a range of spatial 
and temporal scales?  And, are the responses 
gradual or abrupt? 

– How do changes in land use and climate 
influence the movement of water and 
materials from terrestrial to aquatic 
ecosystems?  And, how does this affect 
nutrient dynamics and ecosystem 
metabolism? 
 

• How do the patterns and movement of 
genes and organisms across the continent 
affect biodiversity and the spread of 
infectious diseases and invasive species? 

– How will plant and animal biodiversity respond 
to land use change and climate variations?  
And, do changes in biodiversity have a 
reciprocal effect on land use and climate? 

– How do changes in land use and climate 
affect the spread of infectious diseases and 
invasive species?  And, if so, what are the 
ecological implications? 

NEON Grand Challenge Questions  
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Successful programs linking knowledge with action require 
dialogue and cooperation between the scientists who 
produce knowledge (producers) and the decision makers 
who use it (users).  Especially important is that the problem 
to be solved be defined in a collaborative but ultimately 
user-driven manner. 

Problem Definition 



21st Century Biology 

• Multidisciplinary  
• Multidimensional 
• Information-driven 
• Education-oriented 
• Internationally 

engaged 
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