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Biology for the 21st Century 

A vision for our planet’s 

future based on a 

comprehensive 

understanding of  the living 

world across scales of size, 

time, and place:  

 

“there is a grandeur in this 

view of life…” 



Understanding the Dimensions of 

Biodiversity 
 

Current effort: Estimated number of species 

on Earth divided by the number of species 

described annually:  

~ 160 years to complete the task.  

We are the first generation of scientists with the 

tools to address the dimensions of biodiversity on 

Earth… 



Understanding the Dimensions of 

Biodiversity 
 

Thomas et al. (2004, Nature): predict that “on 

the basis of mid-range climate-warming 

scenarios for 2050, that 15-37% of species” in 

their sample of regions and taxa will be 

“committed to extinction.”  

And we may be the last generation with the opportunity 

to discover and understand Earth’s extant species 

before many are lost…  



Outline 

 History 

 

 Challenges 

 

 “Game changers” 

 

 Case study 



History of Repeated Themes 
Research priorities / Socioeconomic benefits / 

Recommendations 

NRC 1999 

NAS/Smithsonian 1988 

NRC 1992 
UNEP 1996 

CDP Secretariat 2006 

NRC 2008 

Monograph 2001 

In Light of Evolution, 

Vol. 2: Biodiversity 

and Extinction 



Challenges 

 Diverse stakeholders   

and agendas 

  Quantifying the impact 

of biodiversity 

  Insufficient research 

effort and infrastructure 

 



Making Sense of a Diversity of 

Stakeholders 

1% 

9% 

20% 

20% 

50% 

Percentage of Adult Americans Source: University of Chicago 

National Opinion Research 

Center (2006) 

Congressional leaders, etc. 

Includes scientists, journalists, others who deal with science policy directly or indirectly  

Tends to be younger, male, better-educated, more likely to have taken an 

undergraduate-level science course, the level of Scientific American or Discover 

magazines  

Tends to be slightly older, less likely to have taken an undergraduate-level science 

course, the level of National Geographic magazine 

Most adult Americans are "uninterested" in science: the best way of capturing their 

attention is with consumer health, daily-use widgets-and-gadgets technology updates, 

other day-to-day information they can immediately use  



January 23, 2009  New York Times 

Environmental Issues Slide in Poll of Public’s 

Concerns  

By  Andrew C. Revkin 
 

A new poll suggests that Americans, 

preoccupied with the economy, are less worried 

about rising global temperatures than they were 

a year ago but remain concerned with solving 

the nation’s energy problems.  

Making Sense of a Diversity of 

Stakeholders 



Quantifying Biodiversity 

What we know: 
• species are interdependent 

• rapid change in biodiversity can have unexpected 
ecosystem effects 

• biota both respond to and drive global change 
 

What we don’t know: 
• dimensions of biodiversity 

• scale effects 

• likely tipping points (species loss, ecosystem collapse) 
 

What we need: 
• reliable forecasts 

• translation of biodiversity to stakeholders 

 



R
IS

K
 

known 

unknown
  

IMPACT 

certain uncertain 

actions to 
reduce known 

risks 

precautionary actions 
to reduce potential 

risks 

research to anticipate and 
reduce the impact of 

“surprises” 

Based on: Late Lessons from Early Warnings, 

European Environment Agency (2001) 



Earth’s climate and life support systems are 

changing in novel and unexpected ways. 

Context: Planetary Change 



Game Changer: New Tools and 

Approaches 

Genomics Technologies 
“Planet Microbial Genome” 



Game Changer: Cyber-Enabled Observatories 

National Ecological Observatory Network (NEON) 



 Hybrid operational and research platforms 

 Long-term measurements 

 Standardized infrastructure, procedures,  

 quality control 

 Free and open data access policy for near 

 real time data 

 Decision support tools 

Cyber-Enabled Observatories 



New Horizons in Earth Observation 

http://www.cuahsi.org/
http://www.earthscope.org/overview/rationale_map.html
http://www.earthscope.org/index.html
http://www.earthscope.org/usarray/index.html
http://www.earthscope.org/safod/index.html
http://www.earthscope.org/pbo/index.html
http://www.earthscope.org/insar/index.html


 

Information 

for the Benefit 

of Society 



Vol 456|18/25 December 2008      nature  

     COMMENTARY 

Three rules for technological fixes 
 

 Not all problems will yield to technology.  Deciding 
which will and which won’t should be central to 
setting innovation policy, say Daniel Sarewitz and 
Richard Nelson 

 
  

 1. Connect the problem to the solution.  

2. Assess the effects of biodiversity using relatively 
unambiguous or uncontroversial criteria. 

3. Build upon existing standardized approaches.   

  

 We need more research establishing the dimensions, 
consequences, and societal impacts of biodiversity. 

 



Next Steps 

Within a decade: What are the dimensions of 
biodiversity?  

Inventory of the Biosphere 

© The Ecological Society of America 



Next Steps  
Within a career: What are the consequences of species loss? 

The Biology of Extinction 

Proc. R. Soc. B (2005) 272, 2337–2344 

PLoS Biol December 2008 | Volume 6 | Issue 12 | e325 

PNAS Early Edition Jan 26 2009 



Next Steps 
Within a generation: What information is needed to 
represent ecosystem services accurately in national 

accounts? 
The Dynamics of Coupled Natural and Human Systems 

PNAS  February 3, 2009  vol. 106  no. 5  1301–1302 



Next Steps 

• The Academy: 

– Value research that is discovery-based as well as 
research with a strong theoretical/conceptual basis 

– Reward “team driven” as well as individual research 
achievement 

 

• Biodiversity Research Community: 

– Adopt open source biodiversity information and rapid 
posting of new data 

– Develop and adopt new technologies for biodiversity 
assessment 



Case study: Global amphibian decline 

IUCN Red List status for amphibians 

Extinction rate of amphibians is about 200 times the historical 

background extinction rate (McCallum 2007, Roelants et al. 2007) 



Suspected causes  

of amphibian declines 

and extinction 

•Commercial use 

• Introduced species 

•Land use change 

•Contaminants  

• Infectious diseases 

•Climate change 
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Chytrid - amphibian system 
• Chytrid is associated with 

anuran declines and 
extinctions in Australia, 
Africa, Central, South, and 
North America, but also 
coexists with non-declining 
species.  

 

• It infects most amphibian 
species tested with effects 
varying from no clinical 
disease to 100% mortality.  

 

• Microenvironment affects 
susceptibility to chytrid.  K. Lips 



1987-88 

2002-03 

1996-97 

1993-94 

Rate of spread 

~28 km/yr 

Population sizes and species richness of amphibian 

communities decrease as amphibian chytrid spreads 

Source: Lips et al. 2006, PNAS. Infectious disease and global biodiversity 

loss: pathogens and enigmatic amphibian extinctions.  



Amphibian species changes along streams 

Amphibian species richness and segmented linear models for riparian and 

terrestrial transects (1998 – 2005) at El Cope, Panama.  There was a highly 

significant change in slope for riparian transects  

(2 = -6.4510-3, t = -6.97, df = 486, P < 0.0001) but not for terrestrial transects 

(2 = -3.7710-3, t = -1.78, df = 212, P = 0.0757).  

chytrid emerges  



Central American pattern of declines 

•  50% of species gone in 4-6 
months  
 

•  Remaining species are at 10% 
of abundance 
 

• Pattern not consistent with land 
use change, exotic species, 
commercial use, climate change, 
or contaminants  
 



2002 

2004 

1987 

1993 

1996 
2006 

25 km/yr 

20 km/yr 

20 km/yr 
29 km/yr 

17 km/yr 

1987 

100 km 

N 

Historical and recent 

spread of  

Batrachochytrium 

through Neotropical 

amphibian communities 



What policy and 

ethical 

implications 

follow from 

understanding 

the process of 

extinction? 



AN AMPHIBIAN CONSERVATION ACTION PLAN 







Policy recommendations for a global action 

plan 

1. Research. Improve our understanding 
of the causes of declines and 
extinctions 
 
 

2. Assessment. Document amphibian 
diversity, and how it changes 
 
 

3. Conservation. Develop and 
implement long-term conservation 
programs 
 
 

4. Response. Intervene when declines 
are detected 



To Stem Widespread Extinction, 

Scientists Airlift Frogs in Carry-On 

Bags  
New York Times; June 6, 2006 

By BRENDA GOODMAN 

 

ATLANTA, June 5 — Of all the things 

airport security screeners have 

discovered as they rifle through travelers' 

luggage, the suitcases full of frogs were a 

first.  
 

 In a race to save amphibians 

threatened by an encroaching, lethal 

fungus, two conservationists from Atlanta 

recently packed their carry-ons with 

frogs rescued from a Central American 

rain forest …. 
 

 The frogs…were perhaps the 

last of their kind, collected from a 

pristine national park that fills the bowl 

of El Valle, an inactive volcano in 

Panama. Ron Gagliardo (left) and Joe Mendelson 



Stakeholder values and 

research questions that  

confront ecologists and 

biodiversity managers 
 

•  What is the scientific community’s role and 

responsibility given the possible imminent 

extinction of dozens of species? 

 

•  What is the conservation community’s role 

and responsibility?  

 

•  What is the zoo community’s role and 

responsibility regarding animal husbandry?  



Ecologists and biodiversity managers often 

encounter complex ethical situations in research 

and professional activities. 

 

There is currently no field in professional or practical 

ethics that specifically addresses the unique moral 

concerns of practicing ecologists and managers 

relative to research animals, species, and ecological 

systems, as well as to the scientific profession and 

the public interest. 

 

A new approach –“ecological ethics” – is needed. 

Ecological ethics: Building a new toolkit for  

ecologists and biodiversity managers 

[From: Minteer and Collins. 2005. Conservation Biology] 



It is interesting to contemplate an entangled bank, clothed with many plants 

of many kinds, with birds singing on the bushes, with various insects flitting 

about, and with worms crawling through the damp earth, and to reflect that 

these elaborately constructed forms, so different from each other, and 

dependent on each other in so complex a manner, have all been produced 

by laws acting around us.  

 

From the conclusion of Darwin's Origin of Species, First Edition (1859)  
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It is interesting to contemplate an entangled bank, clothed with many plants 

of many kinds, with birds singing on the bushes, with various insects flitting 

about, and with worms crawling through the damp earth, and to reflect that 

these elaborately constructed forms, so different from each other, and 

dependent on each other in so complex a manner, have all been produced 
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From the conclusion of Darwin's Origin of Species, First Edition (1859)  



Distribution of species in IUCN Red List categories 

[Source: GAA 2004] 

 

Categories 

 

Birds 

 

Mammals 

 

Amphibians 

Globally 

threatened 

species 

1211 

 

12% 

1130 

 

23% 

1856 

 

33% 

Critically 

endangered 

species 

179 

 

1.8% 

184 

 

3.8% 

427 

 

7.4% 

Extinction rate of amphibians is about 200 times the 

historical background extinction rate  

(McCallum 2007, Roelants et al. 2007) 



Infectious disease 

Chytrid – a fungal 

pathogen of frogs and 

salamanders - 

Batrachochytrium 

dendrobatidis (Bd) 

Two pathogens associated with  

enigmatic amphibian declines 

Ranavirus – a genus of 

viruses infecting cold blooded 

vertebrates 



Stakeholder values and research 

questions that confront ecologists and 

biodiversity managers 

 What are the administrative and 
policy communities’ roles and 
responsibilities in this case?  
 

For example, should the 
government close and isolate the 
central Panamanian forest 
reserves with endangered frog 
species for fear that people may 
transmit the pathogen? 

  



Game Changer: Adaptation 
Transformations and Transitions in the Story of Life 

Understanding life’s 

adaptation, resilience 

and impact will reduce 

uncertainty about the 

future of life on Earth in 

a time of global climate 

change. 
 

NEON & OOI 
 

Change 

Diversity 

What Will Survive and How? 

P 

Agricultural Policy 

 

Landuse - Economics 

Air Quality Policy 

 

Cap and Trade 

Decision Support Tools 

http://www.ebmtools.org/about_ebm_tools.html 



NPR Morning Edition, February 4, 2009 

Richard Harris interview of Dr. Dan Sarewitz, Arizona State University 
 

Some experts say President Obama's goal to cut emissions by 

80 percent by 2050 isn't enough to curb global warming.   
 

The Obama administration has very ambitious plans for 

confronting climate change: billions of dollars targeted toward 

energy and climate in the stimulus package are just a tiny 

down payment.  
 

Sarewitz argues that the way forward on climate change 

requires innovation and institutions a la how the US 

transformed agriculture by creating a continued commitment to 

productive growth.  

 

Innovation Seen As Key 

To Curbing Climate 

Change 



Living systems shape Earth’s environment across 

scales of time, place and size 

CO2 

CH4 

Context: Integrating Scales 



Reasoning by Analogy: Three rules 

for technological fixes 

Connect the problem to the solution.  

Assess the effects of biodiversity using 
relatively unambiguous or uncontroversial 
criteria. 

Build upon existing standardized approaches. 
  

  

 We need more research establishing the 
dimensions, consequences and societal impacts 
of biodiversity. 

 



Research & Education Decision Making 

Henri Matisse Bill Owen 

Contrasting Cultures 

Different Aims 

Rational 

Facts & Evidence 

Proof 

Measurements 

Incremental Progress 

Subjective values 

Perceptions & Beliefs 

Emotions 

Deadlines 

Crises 

Discovery 

Understanding 

Enlightenment 

Action! 

Researchers, Educators, and Policymakers 

Contrasting Cultures and Different Aims 



• Dramatic inter-annual variation is not totally explained by physical 

factors (temperature, rainfall) 

• Do biological processes determine/impact this variation? 

• Which ones, how and how much? 

• Can knowing life’s impacts on the system improve predictions? 

Inform  carbon trading scenarios?                      

Potter et al. 2003 



The National Ecological Observatory Network (NEON) is a continental-scale 

infrastructure platform designed to investigate the ecological effects of invasive 

species, climate, and land-use change.  

Game Changer: New Horizons in Earth Observation 

Cyber-Enabled Research Observatories 



 

 

 

 

Making Connections… 

Multidisciplinary Programs 

Dynamics of Coupled Natural and 
Human Systems  

[BIO, GEO, SBE, & USFS] 

Interdisciplinary Training for Undergraduates in 
Biological and Mathematical Sciences 

[BIO, EHR, & MPS] 

Ecology of Infectious Diseases 

[BIO, GEO, SBE, & NIH] 



Understanding the Dimensions of 

Biodiversity 
 

We are the first generation of scientists with the tools to 

address the dimensions of biodiversity on Earth… 

And we may be the last generation with the opportunity 

to discover and understand Earth’s biodiversity before it 

is irrevocably changed or lost. 

Too interconnected to fail 



Grand Challenge:  

Foresee and forestall catastrophic 

change in the biosphere 

Strategies: 

More experts: scientists and educators 

Improved access to data (digital collections) 

Global connectivity 

Integration across disciplines 

Education 

Public communication and engagement 

Inform decision makers 
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Scientific 

findings 

INFORMATION 

RESOURCES 

 & PRODUCTS 

Biodiversity 

Discovery & 

Understanding 

Information Access 

Integration with 

related disciplines 

Analysis – Synthesis – Education 

- Prediction – Assessment –  

Scenarios & Options 

A Place at the Table 
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about, and with worms crawling through the damp earth, and to reflect that 

these elaborately constructed forms, so different from each other, and 

dependent on each other in so complex a manner, have all been produced 
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From the conclusion of Darwin's Origin of Species, First Edition (1859)  


