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Ancient ecosystems organized much like our own

Similarities between half-billion-year-old and recent food webs point to deep principles
underpinning the structure of ecological relationships, as shown by researchers from the Santa
Fe Institute, Microsoft Research Cambridge, and elsewhere.

SANTA FE, NM, USA - 29 April 2008 — It was an Anomalocaris-eat-trilobite world, filled with species
like nothing on today’s Earth. But the ecology of Cambrian communities was remarkably modern, say
researchers behind the first study to reconstruct detailed food webs for ancient ecosystems. Their
paper, published this week in the open-access journal PLoS Biology, suggests that networks of feeding
relationships among marine species that lived hundreds of millions of years ago are very similar to
those of today.

Food webs depict the feeding interactions among species within habitats—like food chains, only more
complex and realistic. The discovery of strong and enduring regularities in how such webs are
organized will help us understand the history and evolution of life, and could provide insights for
modern ecology—such as how ecosystems will respond to biological extinctions and invasions.

A multidisciplinary group of scientists led by ecologist Jennifer Dunne of the Santa Fe Institute in Santa
Fe, New Mexico and the Pacific Ecoinformatics and Computational Ecology Lab in Berkeley, California,
studied the food webs of sea creatures preserved in rocks from the Cambrian, when there was an
explosion of diversity of multicellular organisms—including early precursors to today’s species as well
as many strange animals that were evolutionary dead ends. Report co-author Richard Williams of
Microsoft Research in Cambridge, UK, developed the cutting edge “Network3D” software that was
used for analysis and visualization of the food webs.

The researchers compiled data from the 505 million-year-old Burgess Shale in British Columbia,
Canada and the even earlier Chengjiang Shale of eastern Yunnan Province, China, dating from 520
million years ago. Both fossil-rich assemblages are unusual because they have exquisitely preserved
soft-body parts for a wide range of species. They determined who was eating whom by piecing
together a variety of clues. There was the occasional smoking gun, such as fossilized gut contents in
the carnivorous, cannibalistic priapulid worm Ottoia prolifica. However, in most cases, feeding
interactions were inferred from where species lived and what body parts they had. For example,
grasping claws, swimming lobes, big eyes, and toothy mouthparts suggest that Anomalocaris
canadensis, a large, unusual organism with no modern descendents, was a formidable predator of
trilobites and other arthropods, consistent with bite marks found on some fossils.

To compare the organization of Cambrian and recent ecosystems, the team used methods for
studying network structure, including new approaches for analyzing uncertainty in the fossil data.
“Paleontologists have long known that food webs were important but we have lacked a rigorous
method for studying them in deep time,” comments co-author and paleontologist Doug Erwin of the
Santa Fe Institute and the Smithsonian Institution. “We have shown that we can reconstruct ancient
food webs and compare them to modern webs, opening up new avenues of paleoecology. We were
surprised to see that most aspects of the basic structure of food webs seem to have become
established during the initial explosion of animal life”.

The Cambrian food webs share many similarities with modern webs, such as how many species are
expected to be omnivores or cannibals, and the distribution of how many types of prey each species
has. Such regularities, and any differences, become apparent only when variation in the number of
species and links among webs is accounted for. “There are a few intriguing differences with modern
webs, particularly in the earlier Chengjiang Shale web. However, in general, it doesn’t seem to matter



what species, or environment, or evolutionary history you’ve got, you see many of the same sorts of
patterns in food webs,” explains Dunne.

“What we don’t know,” Dunne adds, “is why food webs from different habitats and across deep time
share so many regularities. It could be that species-level evolution leads to stable community-level
patterns, for example by limiting the number of species with many predators through selective
pressures that result in extinctions or development of predator defenses. Or, patterns may reflect
dynamically persistent configurations of many interacting species, or fundamental physical constraints
on how resources flow through ecological networks.”

Answering such questions will break new ground at the intersection of ecology, evolution and physics.
And it may provide valuable insights into present-day ecology. As Williams points out: “This research
is an excellent example of how computational methods can be used as part of an interdisciplinary
study to help produce novel results. By getting a better idea of how ecosystems behaved in the past,
we may better comprehend and mitigate what is happening to ecosystems today and in the future.”

Citation: Dunne JA, Williams RJ, Martinez ND, Wood RA, Erwin DH (2008) Compilation and network
analyses of Cambrian food webs. PLoS Biol 6(4): e102. doi:10.1371/journal.pbio.0060102.

‘Compilation and Network Analyses of Cambrian Food Webs’ — authored by Jennifer Dunne (Santa Fe
Institute, US; Pacific Ecoinformatics and Computational Ecology Lab, US), Richard Williams (Microsoft
Research Cambridge, UK; Pacific Ecoinformatics and Computational Ecology Lab, US), Neo Martinez
(Pacific Ecoinformatics and Computational Ecology Lab, US; National Center for Ecological Analysis and
Synthesis, US), Rachel Wood (University of Edinburgh, UK) and Douglas Erwin (Santa Fe Institute, US;
National Museum of Natural History, US) — is available on April 29 at
http://biology.plosjournals.org/perlserv/?request=get-document&doi=10.1371/journal.pbio.0060102.
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About this image: In this depiction of the food
web of the Burgess Shale from the Middle
Cambrian, spheres represent species or groups of
species, and the links between them show
feeding relationships. The drawing shows a top
predator, Anomalocaris, chasing one of its likely
prey species, the trilobite Olenoides, with arrows
indicating their positions in the food web. Many
aspects of the structure of this ancient ecological
network are similar to the architecture of modern
food webs.

Credit: Image created by N. D. Martinez. Food web produced with Network3D software written by R.
J. Williams; contact ricw@microsoft.com for more details. Drawings courtesy of Sam Gon I,
http://www.trilobites.info. Image available at http://www.plos.org/press/plbi-06-04-dunnel.jpg.




About the Santa Fe Institute

The Santa Fe Institute (SFI) is a leader in multidisciplinary scientific research. By transcending
disciplines, breaking academic molds, and drawing together an international network of rigorous,
creative thinkers, SFl is helping to discover the common fundamental principles in physical,
computational, biological, and social complex systems that underpin the most profound issues facing
science and society today. SFlis an independent non-profit research and education center supported
by grants, charitable giving, and corporate relationships. More information can be found at
http://www.santafe.edu.

About Microsoft Research

Founded in 1991, Microsoft Research is dedicated to conducting both basic and applied research in
computer science and software engineering. Its goals are to enhance the user experience on
computing devices, reduce the cost of writing and maintaining software, and invent novel computing
technologies. Researchers focus on more than 55 areas of computing and collaborate with leading
academic, government and industry researchers to advance the state of the art in such areas as
graphics, speech recognition, user-interface research, natural language processing, programming tools
and methodologies, operating systems and networking, and the mathematical sciences. Microsoft
Research currently employs more than 800 people in six labs located in Redmond, Wash.; Cambridge,
Mass.; Silicon Valley, Calif.; Cambridge, UK; Beijing, China; and Bangalore, India. Microsoft Research
collaborates openly with colleges and universities worldwide to enhance the teaching and learning
experience, inspire technological innovation and broadly advance the field of computer science. More
information can be found at http://www.research.microsoft.com.




