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Ecosystem and Community: Studies:
A Dilemma

lRVestigator freguently’ cannot even
identify all iInteractingl cemponents; (1.e.,
different species: at diffierent locations
Within systemy), much less have: time
Series data on allfcempoenents

IHeW, e Identiify system, oI characterize
system dynamics in the face ofi this
URcertainty?



Surnvelllance Monitoring and
Ecesystem/Community Studies

\View: tinie: series (e.g., of different species
aUNCdances) as; SoUKCeS of Infermatieon and
consider metheds of extraction

Conceptual underpinnings reside I methoeds of
Aenlinear dynamics and Infermation; theoy,

Consider Inductive niferential methoeds for:
a System identification

I Creicelgiaf|Zatilof) of Ifterelcilons clplenlc) sYsiein
COMPBRENLS

a Detection efi system change and degradation



Interactions Between System
Compoenents: Dynamical
nterdependence

Data: time series oiff 2 different state variables

QUEstions:
a Are they fiunctionally: related?

x What' can we lea anout 1 state vahanle by fellewing
O KNeWING anether?

Ecelegical applicatiens:

x Vioniterng program design: (Indicatol SPECIES,
ndicater locatiens, ete.)

s Populatien synchreny: and Iits cause(s)
» Food Weh connections
s Competitive Interactions



Dynamicall Interdependence from
Time: Seres; Data: Metheds

EiRear: systems
= LInear cross-correlation

Noenlinear systems

s Attrractor-hased methods
Muitual preadiction
Continuity tests

» |nformation-tnecretic
Mutualfinfiermation
Transier entropy:



System Attractor

Geometric characterization ol a
dynamical system

Clesed set ofi points; Nl state: space, such
iihat a tirajectery starting en oI Rear
attractor willfcenverge: to; i



Attractor Reconstruction

Fakens” (1961) embedding theoreme:: tiajectony
Off dynamical system i phase SPace. can e
[econstructed fremia time Seres of a single
Statervarnamnie

Attracter reconstruction: hasead onl delay,
CoOKdInates, ofi state varianle x

X(t) = (x(t), x(t+T),..x(t+[d =1]T))



Attractor Reconstruction

Actual attractor Reconstructed attractor
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Dynamicall Interdependence:
Attractor-based Methods

I 2 state variakles are: dependent and beleng
10, Same: system,, then| thelr attractors should
exninit similar geeometies (Takens 1961)

1 (1) Continuity: fiecus on function relating 2
atlractors

5 (2) Mutual prediction: degree to WhIChI dynamics: of
1 attractor can be: used to predict dynamics ofi the
ether

a Application to ecelegical systems (J.\V. Nichels) et
al. 2005;, TPB)



Transter Entropy.

ransier Entropy. (Schreiber 2000))1sian
Ifermatien-theoretic approachi that measures
the degree of dependence: off ene system
Varianle enranether

Transter Entrepy: has recently: been used te
measure infermatoen Hew! in' structural healti
monitering (J:M: Nichels 2006, J.\VI. Nichols et al:
2006a0) and nrmedel ecological systems (IMeniz
et al. In review: an)



Kulllback Entropy.

Kulllback entrepy;, A, fGCUSES 0N} diSCrepancy.
N IRfermanien etWween the tite pronaniiity
distrbutions 2()7), andra different distribution,

qu):

P(Y;)
Ky = 109, I
2,P(y)log (q(yoj

KIS therdiifierence (excess) iniaverage
AUMBEr o bIts needead o encede draws of ¥
it g()7) 1S Used instead of /(1))



Transter Entropy: Introduction

Consider a Markov: precessimwhich valtie
Off randem: vVaranble; v, at any: time
depends on past values: (A time: UnIts: Into
the past)

Consider anether possible systen varanie;
Z, and ask Whether It IS related to
(Contripuites; Infermation: akout) Y

ABSence of Infermation flow: firomi Ztor Y-

POV 1Y ) = PV TY L )



Transter Entropy.
(Schreiner 2000)

Transfer Entropy, Iz-y , measures the
degree ol dependence off Y on: z

Franster Entropy/ IS net symmetric

x [ransfer Entrepy 1s a Kullback entropy. thait
fOCUSEes on the deviatien ofi the: precess from
the generalized Viarkey: preperty

P(Ye, | Y, 2

T, = PV V22027 log
a ; PP Ry o S T



Dynamicall Interdependence
Assessment: Ecolegical Applications

Survelllance moenitoring strategies

s Select speciesi that provide: the most information about a dynamical
system (formal appreach ter definingl “indicater species?)

s Dynamical spatially: distributed systems: select locations that previde
the most infermation: about the dynamicall system: (“indicator Sites”)

Change detection

= Use attractor-based or infermation-theoretic approaches for time series
befiere and after some: Intervention e Infer system; chamnge: firem
measurement off small number off systemi components

Food Weh connections

=, Use time series data to infer community: relationshipsiandl degrees; of
Interaction (e.g., Indirect inference about competition coefficientsiand
predation| Ceefficients)
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