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Nature's Complexity

“I have yet to see any problem, however complicated, which,
when looked at in the right way, did not become still more
complicated.”

—Poul Anderson




Nature's Complexity

Photo Credit: Jonny Armstrong
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Climate Change Projections

M 1961-1990 2010-2019 ¥ 2040-2049 M 2060-2069 M 2090-2099

30
M 1961-1990 2010-2019 [ 2040-2049 MM 2060-2069 M 2090-2099
20
- 1250
(@]
o
v 10
3 1000
: ‘T E
£
£ I u S 750
= =
a
&
-10 5 500
=
ke
-20 250
LTI |III|I|| ” ||l
0 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

() SNAP


https://www.snap.uaf.edu/
https://www.snap.uaf.edu/

Species Interactions and Climate Change

~ Invertebrates

\

Algae Invertebrates

(Baxter et al. 2004)
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1) How do salmon fit within the larger freshwater ecosystem or food
web, and how might climate change influence these webs?

1) What approaches exist for understanding these complex
interactions and projecting climate change influences?

2) What are the guiding principles for managing for this complexity in
the face of climate change?
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1) How do salmon fit within the freshwater food web, and how might
climate change influence these webs?

1) What approaches exist for better understanding these complex
interactions and projecting climate change influences?

2) What are the guiding principles for managing for this complexity in
the face of climate change?



Modeling Approaches

Conceptual Model

NUTRIENTS

Mathematical Model

dBiomass . . : . .
—ar - Assimilation — (Respiration + Predation + Mortality)
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Modeling Approaches
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Modeling Approaches

Hydrograph
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Modeling Approaches
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Modeling Approaches

Food Nutritional

In-Stream Physical Habitat
Conditions Conditions

Need to model these interaction
at the watershed scale!

M salmon-rearing (local)
' Headwatersi/tributaries
' Marine

(Wipfli and Baxter 2010)



Empirical Approaches







Trophic Basis of Production

* Rates of Production (mass/time)
* Bioenergetic information

(Benke and Wallace 1997, Ecology)




Quantitative Food Webs

“Linkage” web Quantitative flow web
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1) How do salmon fit within the freshwater food web, and how might
climate change influence these webs?

1) What approaches exist for better understanding these complex
interactions and projecting climate change influences?

2) What are the guiding principles for managing for this complexity in
the face of climate change?



Guiding Principles

Maintain biodiversity
An insurance policy for an uncertain future




Guiding Principles

Maintain Heterogeneity
Diverse, complex, and connected habitats support biological diversity
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Guiding Principles

Maintain Natural Process
Disturbances create heterogeneity




Guiding Principles

Ecosystem will adapt. Can we?

Actions

/" Interventions
(logging, fishing)

Human System
Individuals, groups,
institutions

Ecosystem
Structure &
Functions

Ecosystem

Services
Fuel, fibre, food,
water regulation,

recreation, efc.

Social-Ecological System
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Embrace Complexity

“Let's face it, the universe is messy. It is nonlinear, turbulent, and
chaotic. It is dynamic. . . .It self-organizes and evolves. It creates
diversity, not uniformity. That's what makes the world
interesting, that's what makes it beautiful, and that's what
makes it work.”

-Donella Meadows, Thinking in Systems
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