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Abstract Biocomplexity or biological complexity is a new domain proposed by Rita Colwell and her
colleagues for better understanding of the interactions among components of complex life systems and dy-
namic characteristics and evolutionary mechanism of the systems”complexity. Although the concept and
definition of biocomplexity remain controversial various research projects relevant to this field have been
undertaken with funding from US National Science Foundation NSF  and a new trend in international
collaborative efforts to study life on Earth has been formed. In this paper different opinions on the con-
cept of biocomplexity and the relationship between biodiversity and biocomplexity studies are introduced
briefly. Several projects regarding ecosystems and genomes are also presented to illustrate the main char-
acteristics of biocomplexity studies.
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Table 1 A comparison between biocomplexity and biodiversity
Biocomplexity
Concept Interplay between all living systems and their
environment
- To explain and ultimately predict the outcome
Objective 0 expa . i
of some interactions
a
Interplay of living systems
b
Prediction of adaptation and changes
(&
Effect of climate changes on species variations
Scientific question d

and research content
To forecast the nature and socioeconomic chan-

ges
e

Effect of complexity on system stability
a Nonlinear analysis
b

Core methods . .
Genetic network analysis

Conservation Biology

Gary Meffe

Cotterill

“ ”

Powledge 2001

2

Peter Raven

“ the web of life " * global ecosys-

”

tem Raven

Powledge 2001 Rita Colwell

Lewis 2001

Biodiversity

The variety of all life forms the different plants animals and microor-

ganisms their genes and the ecosystems of which they are a part

To evaluate protect and utilize biology resources and ensure the sus-

tainable development of biodiversity

a

Investigation and catalogue of biodiversity
b

Effects of human activities on biodiversity
(&

Ecosystem functions of biodiversity
d

Long-term dynamic monitoring of biodiversity

e
Conservation biology of endangered species
a Catalogue of biodiversity
b Indices of species diversity
c Measurement of genetic diversity
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Anopheles gambiae
10
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Collins et al. 2001 Venter et al. 2001
Smith & Szathmary
1995 Caenorhabditis ele-
David Duff NSF gans 18 424 Drosophila melanogaster
13 601 Arabidopsis thaliana 25 498
35 000
2 Higashi
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transcription factor
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Table 2 Genetic networks and biocomplexity measurement
Index Scale Relevance
N
Number of nodes N Global Number of relevant genes in a genetic network
L
Number of links L Global Number of gene interactions
C=2L/ N N-1
Connectivity € =2L/ N N-1 Global Realized fraction of possible gene interactions
Dy,
In-degree D, Local Number of genes affecting a particular gene
DUU(
Out-degree D, Local Number of genes affected by a particular gene
D
Degree D Local Number of genes directly interacting with a particular gene
D,
Average degree D Global Average number of gene interactions per gene
Heterogeneity — the standard deviation of de- Global Evenness of link distribution among genes
grees
cc
Clustering coefficient CC Global Appearance of tightly connected regulatory subnetworks
D,= 3d; / N N-1 2
Average distance D, = 2d; / N N-1 Global Number of communication steps between two randomly chosen genes
.. Minimal number of gene interactions whose deletion results in a disconnected net-
Arc connectivity Global
work
Node connectivity Global Minimal number of genes whose deletion results in a disconnected network




242 Biodiversity Science 10
2001 Claverie J] M, 2001. What if there are only 30, 000 human
genes? Science, 291: 1255 ~ 1257
Collins F et al., 2001. Initial sequencing and analysis of the hu-
25% man genome. Nature, 409: 860 ~921
Colwell R, 1998. Balancing the biocomplexity of the planets liv-
i ing systems: a twenty-first century task for science. BioSci-
Messing 2001 ence, 48: 786 ~787
Dybas C L, 2001. From biodiversity to biocomplexity: a multi-
- disciplinary step toward understanding our environment.
BioScience, 51: 426 ~431
Emmett A, 2000. Biocomplexity: a new science for survival?
The Scientist, 14: 1 ~3
Gerhart J and M Kirschner, 1997. Cells, Embryos and Evolu-
) tion. Blackwell, Oxford
Gerhart & Kirschner 1997 Goldenfeld N and L P Kadanoff, 1999. Simple lessons from com-
3.6 plexity. Science, 284: 87 ~89
Higashi M and T P Burns, 1991. Theoretical Studies of Ecosys-
tems: the Network Perspective. Cambridge University
Press, Cambridge
1 Hinegardner R and ] Engelberg, 1983. Biological complexity.
Journal of Theoretical Biology, 104: 7 ~20
Klomp N I and D G Green, 1996. Complexity and connectivity
Whitfield 2001 in ecosystems. Complexity International 3 ( http: //www.
csu. edu. au/ci/vol03/klomp/klomp. html)
Lewis R, 2001. NSF funding research in biocomplexity. The
Scientist, 15:1
Messing J, 2001. Do plants have more genes than humans?
2 3 Trends in Plant Science, 6:196
. . Parrish J K and L. Edelstein-Keshet, 1999. Complexity, pattern,
uncertainty resiliency vul- and evolutionary trade-offs in animal aggregation. Science,
nerability 284: 99 ~ 101
Lewis 2001 Powledge F, 2001. Biocomplexity: new way to do science, or
just another buzzword? HMS Beagle, 103
Purvis A and A Hector, 2000. Getting the measure of biodiversi-
ty. Nature, 405: 212 ~219
3 Rita Colwell Riechmann J L, J Heard, G Martin, L Reuber, C Jiang, J Ked-
die, L. Adam, O Pineda, O J Ratcliffe, R R Samaha, R
Lewis 2001 Creelman, M Pilgrim, P Broun, J Z Zhang, D Ghandehari,
B K Sherman and G Yu, 2000. Arabidopsis transcription
factors: genome-wide comparative analysis among eu-
karyotes. Science, 290: 2105
Rind D, 1999. Complexity and climate. Science, 284: 105 ~ 107
Saunders P T and M W Ho, 1981. On the increase in complexity
in evolution. Journal of Theoretical Biology, 90: 515 ~530
Szathmary et al. 2001 Smith ] M and E Szathmary, 1995. The Major Transitions in E-
volution. Oxford University Press, Oxford
Szathmary E, F Jordan and C Pal, 2001. Can genes explain bio-
logical complexity? Science, 292: 1315 ~ 1316
. 1999. . : Thieffry D, A M Huerta, E Pérez-Rueda and J Collado-Vides,
’ . 1995. : . 17 1998. Characterization of the transcriptional regulatory net-
(2):73 ~78 work of Escherichia coli. BioEssays, 20: 433 ~ 440
»2000. (NECT) Tupler R, G Perini and M R Green, 2001. Expressing the hu-
1064 .42(9):971 ~978 man genome. Nature, 409: 832 ~ 833

€
. 141 ~165

,1998.
, 18(4):433 ~441

Venter J C et al., 2001. The sequence of the human genenom.
Science, 291: 1304 ~ 1351

Whitfield J, 2001. All creatures great and small. Nature, 413:
342 ~344



