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‘Synerqistic effects of habitat destruction, overfishing,
Iintroduced species, warming, acidification, toxins, and massive
runoff of nutrients are transforming once complex ecosystems
like coral reefs and kelp forests into monotonous level bottoms,
transforming clear and productive coastal seas into anoxic dead
zones, and transforming complex food webs topped by big
animals into simplified, microbially dominated ecosystems with
boom and bust cycles of toxic dinoflagellate blooms, jellyfish,
and disease.”

— J. B. C. Jackson, Ecological extinction and evolution in a brave new ocean. PNAS
2008



“Something big I1s going on out there”. Seabirds
Indicate anomalous ecosystem responses

AP, Register Pajaronian July 23, 2005

Seattle Times July 13, 2005




How will climat
Pacific and CC

 Sea level rise, wave-height, & storm-surge

— ASSP, CA Least Tern, millions of seabirds NW Hawaiian Islands,
Pacific Islands National Monument (n =8, 4.4 £ 0.8 m asl)

— Beach erosion could alter winter habitat for scoters (loss of sandy
beach / littoral habitats)

— Altered kelp forest structure could effect foraging for Marbled
Murrelets, Pigeon Guillemot, cormorants

Wind-stress and upwelling — timing of events/productivity
(Bakun 1990, Diffenbaugh et al. 2003, Snyder et al. 2003)

Depth of the mixed layer (Palacios et al. 2004 , McGowan et al.
2003)

SST affects productivity, metabolic rates, prey
availability/composition, parasites & disease




Bottom-up contr

whales”

» Decreased upwelling
* Increased stratification
4 | * Ocean warming

Apex predators

Prolonged climatic regime
(e.g. cool to warm phase)
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“A global change in upper-ocean heat content, accompanied by an increase in
Stratification and mixed-layer deepening relative to the critical depth for net

production, could lead to a widespread decline in plankton abundance.”
— McGowan et al. (2003)



Three seabirds
understand an
climate changge

Predicted changes to the CCE: wind-stress, upwelling, thermal
stratification, changes in zooplankton abundance/availability &
community composition, seasonal phenology (timing of events)

Cassin’s Auklet: an indicator of change to the upper
mixed layer

Sooty Shearwater: integrator of mid-trophic-level
marine productivity and dynamic response to upwelling
habitats

Hawalian Petrel: dependent on mega-scale wind
patterns and productivity in the NPAC




Cassin’s Auklet: an
upper mixed layer

° Demograph
1986— 2002

o male year=specific estimates
o female year-specific estimates

Survival probability
Breeding success

-4 3 2 -1 0 1
Winter SOI ; Winter SOI

Lee et al. (2007) Journal of Animal Ecology




Cassin’s Auklet: an
upper mixed layer

Zooplankton
growth linked

Euphausiids in diet
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Auklets in the SB Channel: a unique physical setting
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Euphausia pacifica

C) Early 2000
C) Early 2000

Myctiphanes simplex
Sebastes spp.

20 40 B0 BO 100

D) Late 2000

D) Late 2000 & Ethausfa pacifica

Myctiphanes simplex
: Sebastes spp.

*

Cephalopoda
Pleuronectidae

Thysanoéssa spinifera (adult)

20 40 &0 B0 100
% Frequency

(Adams, Takekawa, Carter 2004. Can J Zool)




Seasonal changes in zooplankton abundance and
au klet dlet m %okrill m %gel

Proportion

auklet prey

Thysanoéssa spinifera (juvenile) \Y/ ay 2 OOO

Euphausia pacifica

% Number

Nyetiphanes simplex
/ Sehastes spp.

* * * *

Cephalopoda
Pleuronectidae

Thysanoéssa spinifera (adult)
*<2%
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(Adams, Takekawa, Carter 2004; Adams et al. in prep)




Auklet diving: understanding the limits to
successful foraging
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Most abundant seabird in the CCS (single flocks
can exceed 600,000 individuals)

Trans-Pacific migrant (Breeds in NZ and Chile)

Decline by 37% (largest colony in NZ), 70 — 95%
In CCS: 1970s — 1990s

Depend on massive quantities of forage fishes in
the CCS (>annual commercial harvest sardine
and anchovy)

Demographic parameters linked to climate
variability
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Colors depict probability density (standardized time) for satellite-tracked
shearwaters: June — October. Black lines are NM Sanctuaries off CA.
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Endangered, endemic to main Hawaiian Islands
Extreme life history traits
Specialized morphology & flight behaviors to

extract energy from winds at the ocean surface

Depends on tuna schools and dolphin herds to
force prey out of water

Foraging movements linked to NPAC wind patterns

Recent increases in sightings in outer CCS likely
result from shift to negative PDO
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Haleakala, Maui




SST Anom
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(Adams etal., unpubl. data)

wind speed &
(Peterson & Schwing (2003) Geophysical Research Let)




Conclusions

Seabird ecology provides insight to the effects of climate
variability on marine ecosystems

Cassin’s Auklet ecology can aid our understanding of how
predators and lower-trophic levels (i.e., zooplankton
communities) respond to climate variability

Sooty Shearwaters provide a unigue insight to variability in
California Current and are excellent meso-trophic-level
Indicators

Recovery of Hawaiian Petrels may be limited or enhanced
by changing climatic conditions that affect NE Pacific
Basin wind patterns
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