Nonlinear Dynamics and Co-predictability
of the Georges Bank Fish Community

Hui Liu and Michael J. Fogarty
NOAA/NMFS, NEFSC, Woods Hole, MA 02543, USA

£

Ecosystems 2010

26t Wakefield Symposium
i ‘ November 9, 2010 Anchorage, Alaska




Introduction:

* Nonlinear processes, ecological interactions and
environmental forcing cause variability in marine
ecosystems

* Recognition of these led to call for development of
strategies for EBFM, such as through IEA, and
Modeling

* Model uncertainty remains a dominant problem

* However, nonlinear models (simplex projection
and s-map) can be helpful to identify the critical
elements of system complexity



Objectives:

» Explore the dynamical features of a 26 fish
species system on Georges Bank (GB)

» Using co-predictability to examine the dynamical
associations among system components

» Exploring the patterns of co-predictability to
determine functional groupings of species to be
useful in specifying management units
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« NEFSC multispecies
Bottom Trawl Survey
(1963-2008)

 Random sampling
design with 11 strata
on Georges Bank

* Biomass of 26 fish
species adjusted for
catch-abllity and
expanded to the GB
area



Nonlinear approaches
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Modeling approaches

*Simplex projection model calculates
dimensionality (i.e., complexity) of model
(Sugihara & May 1990)

*S-map model determine whether a linear or
nonlinear model is “best” (Sugihara 1994)
*Taking the concept of co-predictability (Engle &
Granger 1987) to examine dynamical
associations between fish species in the Georges
Bank system.



Model predictive skill

“‘Best” model chosen by cross-validation or out-of-
sample forecast skill i.e. observed versus
predicted values

Model forecast skill = deterministic section + noise
Modeling philosophy: Correlation does not
necessarily imply causation. Likewise, in a
nonlinear system, lack of correlation does not
imply lack of causation.



Results
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Table 2 Dynamic features (with standard deviation in parentheses) of the Georges Bank fish community by taxonomic
aggregates

Simplex S-map
Group Best E° MeanE  Meanp  Best6 Mean®  Meanp  Mean Ap
e at best £ at best 0

Flatfish ~ 2-7 / 4.8(& 033(0.16) 0.5-10 / 295(3.6)\ 0.44(0.17) 0.13(0.16)

Gadids  1-4 27(12) | 044(0.15) 0.05-10  2.933.7) 10.52(0.14) 0.13(0.15)

Other
Ground 1-3 1.8(1.1) | 0.37(0.08) 0-1.3 0.52(0.54) 0.48(0.14) 0.11(0.16)

Pelagic  1-6 3325 | 0310.) 1-10 | 4.03(5.2) D35(0.15) 0.15(0.09)

Skate 1-8 2603.1)/ 037(0.15) 045 \ 1441.9) /0.53(0.08) 0.13(0.23)

Dogfish 6 & / 0.46 0 0 0.27 0




Predictee

DF
BF
AM
AH
TS
ss
LK
ws
BS
GO
oP
cu
Ls
AR
WP
WF
wWT
YF
FF
AP
RH
WH
PO
HD
AC
SH

Simplex Coprediction Coefficients of the GB Fish Community

Predictor

oP

GO
BS

Ws

LK
SS

TS
AH

AM

BF

DF

1.0

0.8

0.6

0.4

0.2

0.0



Predictee

DF
BF
AM
AH
TS
ss
LK
ws
BS
GO
oP
cu
Ls
AR
WP
WF
WT
YF
FF
AP
RH
WH
PO
HD
AC
SH

Smap Coprediction Coefficients of the GB Fish Community

-

T

o

¢

T

4+

43

At

I

SH
AC —
HD
PO

[T

|
£ 2 <

Predictor

(2]

)
o =

X
-

1
o I
<

BF
DF -

1.0

0.8

0.6

0.4

0.2

0.0



Predictee

Correlation Coefficients of the GB Fish Community
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Euclidean Distance
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Cluster Dendrogram of the GB Fish Community
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Conclusions:

* Clear nonlinearity exists for most fish species in
the GB fish community

* The low dimensionality imply the system can be
modeled with relative small # of critical
components

» Co-predictability is helpful for defining the
dynamically equivalent groups to be useful for
management purpose

 Traditional functional grouping need to consider
the dynamic features of system components
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