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Basic assumptions

» Species are members of complex ecological
systems

- Biological communities and ecosystems

e Species extinctions occur in contexts of
ecosystems and changing environments



Ecosystems as CAS

» Ecosystems are Complex Adaptive Systems
(CAS)

- The whole is often not the sum of its parts

- Species extinction may be both primary or
secondary



Ecosystems as Networks

* Food webs or trophic networks

- Patterns of energy transfer and flux
* Mutualistic networks

- Patterns of symbiosis, commensalism, etc.

* Biogeochemical cycles and networks
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Food web -
San Francisco Bay

» 1,332 species
- 65 vertebrates

5907 Interactions

e ~180 vertebrate

species to be
added




Food web -

Bay

ISCO

San Franc

e

;A 7Y

B —
i .

— 1z

L‘\Lmu.\\\s\ﬂ\

T

M
5L
=174

E=

L g

.m.

[~

] 7]

AL T




Outline

* Disturbance and structure of marine food webs
— Gulf of Mexico and northern Caribbean reefs

* Modeling of marine food web dynamics

» San Francisco Bay, impacts of

- Climate change
- Loss of high trophic level species
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Magnitude of spill

How Despwater Horizon compares
Estimates of oil spilt, tonnes
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Deepwater Horizon contamination

* Oll-derived heavy metals

- Shells; laser ICPMS (inductively coupled plasma
mass spectrometry)

- Tissues; ICPMS
e Oll-derived PAHS

- Tissues; GCMS
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Deepwater Horizon contamination

e Shells

- Vanadium
- Lead

— Chromium
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Greater Antillean coral reefs

* Examine regional variation in food web
structure

» Causes and implications of variation
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Greater Antillean coral reefs

* /56 species
- 196 vertebrates

e 4616 Interactions




Link or degree distributions

— all secondary+ consumers

—— vertebrates only
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Link or degree distributions
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Vertebrate-only networks

Regional pool Jamaica




Food web -
San Francisco Bay

» 1,332 species
- 65 vertebrates

5907 Interactions

e ~180 vertebrate

species to be
added




San Francisco Bay

» Acidification and increasing water
temperatures

— Disruptions of planktonic primary productivity

- Loss of calcified species
* Unsustainable species harvesting

- Loss of high trophic level species



Modeling network disruption

e Summarize community's
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But...

» Secondary extinction propagates in bottom-up
directions only

- No top-down trophic cascades

» Species Interactions are all equal and
equivalent

- All equal In strength
» Species are demographically neutral



Dynamic difference equation
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Two general rules

» Systems are robust against disruptions of
primary production

» Susceptibility is highly nonlinear and
catastrophic

- Signaled by increases variablility and sensitivity



Acidification

* Decline and possible lo

 Model

- Remove up to 122 bivalved
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Species exploitation

e Removal of seven elas

— High trophic level
— Trophic cascades




Secondary extinctions

» 12 species

— Urticina crassicornis

- Synodus lucioceps

- Hemilepidotus spinosus

- Tritonia gilberti
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A Third rule

» Conserving functional diversity Is at least as
Important as maintaining species richness.

* Transformation of ecosystems, or formation of
new communities in the near future could
yield ecologically unstable and evolutionarily
short-lived systems.



Acknowledgments

» Rachel Hertog and Nell Nylen-Green

« Ken Angielczyk, Steve Wang

e Laurie Anderson, David Gillikin, Deanne Roopnarine, David
Goodwin

 Diana LaScala-Gruenewald, Martin Olson
e CAS, NSF, Louisiana Sea Grant

PE Sians
7}7<* SCIENCES ea mn

LOUISIANA




