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Questions

How does physical forcing at the regional (e.g.,
Ul and spring transition) and basin scale (e.g.,
the PDO, NPGO and ENSO) affect predators and

prey off central California?
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Conclusions

Cold-productive conditions are best!

e Early spring transition and La Nifa-like (SOI) winters were
important for early breeding

e Early breeding, high NPGO winters, strong spring upwelling,
and Cool PDO springs were important for breeding success
and prey availability
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David Ainley Bill Sydeman
(1970-1994) (1994-2007)

>20 Farallon biologist led the fieldwork

>1,000 interns participated in data collection
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Presenter
Presentation Notes
Research initiated by David Ainley, continued by Bill Sydeman, and overseen by me over the last ~10 years.  Numerous lead biologist and over 1,500 interns trained on-site.


Methods

Dependent variables: timing of breeding, breeding success, and
main prey consumed by Farallon seabirds

Independent variables: spring transition, Ul, PDO, NPGO and SO
Ul, SOI, PDO and NPGO were averaged for:

Winter early Nov-Dec
late Jan-Feb

Spring early Mar-Apr
late May-Jun
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Common murre timing of breeding

Murres breed early in years with cool late winter conditions and early spring
transition
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P<0.01,R?=0.53

Associations

Year (non linear)
Spring transition +
SOl (Jan-Feb) =



Cold and productive conditions

Ti m i n g Of b rEEd i n g Warm, poor, ‘relaxed’ conditions

Cassin’s Common Brandt’s Western Rhinoceros | Pigeon
auklets murre cormorant | gull auklet guillemot

Transition
Upwelling + +
Early-winter Early-winter
SOl
Late-winter Late-winter Late-winter  Late-winter
PDO +
Late-winter Early-spring
NPGO +
Early-winter Late-spring
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Cassin’s auklet breeding success

Auklets breeding success is high during early lay date years, weak upwelling

but productive ocean conditions in late winter
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P<0.01,R?=0.53

Associations

Year (non linear)
Lay date =

Ul (Jan-Feb) =
NPGO (Jan-Feb) +



Cold and productive conditions

B ree d i n g S u Ccess Warm, poor, ‘relaxed’ conditions

Cassin’s Common | Brandt’s Western Rhinoceros | Pigeon
auklets murre cormorant | gull auklet guillemot

Transition
Or [____J [}
Lay Date
Upwelling + + +
Late-winter  Late-spring Early-spring Early-spring
SOl
PDO
Late-spring
NPGO +
Late-winter Early-spring Early-spring
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Common murre diet — Juv. Rockfish

Rockfish is high after productive late winter conditions
Anchovy is high after ‘relaxed’ early winter conditions
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Cassin’s auklet diet — E. pacifica

E. pacis high during cool and productive spring conditions
T. spin is high after productive early winter and ‘relaxed’ spring conditions
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. . . Cold and ducti diti
Diet — Krill and rockfish e soor relmed conditions
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CAAU productivity
(chicks fledged / breeding pair)
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Krill acoustic biomass and auklets
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Presenter
Presentation Notes
Hydroacoustic data collected during our cruises can be used to measure the abundance of krill in the upper 30 m of the water column (shown in red) – and again, this represents the CAAU foraging depth. When we compare this to the productivity of the Cassin’s auklet (shown in blue), you can see that they track each other fairly well over our 12-year time series.
There are certainly mis-matches:
2006 was a year where there was a high abundance of those stringy, highly reflective salps that I mentioned earlier, which may have confounded our results for this year and given an inflated abundance of krill here.
Productivity of CAAU has been declining since 2010, which could mean the auklets are working harder to find the relatively low densities of krill in the region.
Some preliminary analyses suggest that there may have been high concentrations of krill near the Farallones in recent years, but the average krill density in the Sanctuaries was low—so there may have been enough krill close to the colony to help sustain an average productivity for this species.


Krill is larger in cold productive years
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Presenter
Presentation Notes
The abundance of krill can vary depending on ocean conditions, and so can the sizes of krill.
When we only consider the adult age class of our most abundant krill species, Euphausia pacifica, we see that the length frequency distribution during the cold water years has two peaks – one in the 13 mm range and one in the 20 mm range.
**Compared to 2005-06 (warm water years, shown here in orange), we see that there is only one peak in length frequencies in the 14 mm.
**And when we consider the sizes of krill in the past two years (shown in red), we see that there is only one peak in the 13 mm range, similar to the warm years of 2005-06.
So there is definitely a lack of larger adult size classes in the warm water years.


Cold-productive conditions are best!

e Early spring transition was important for early breeding and
both were important for high breeding success

e La Nina-like (SOI) winters were important for early breeding

 High NPGO winters were important for high breeding success
for C. auklets and high prey availability

e Strong spring upwelling important for high breeding success
for cormorants and R. auklets and rockfish availability

e Cool PDO springs were important for high breeding success
for murres and high prey availability
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Conclusions

e Seasonal variability (Ul) and Interannual variability (SOI)
important for timing of breeding

* Interdecadal variability (PDO and NPGO) important for
breeding success and prey availability

e While we see increased variability, “old-known” relationships
between climate, predator and prey still hold

 Increased frequency of El Nino, changes in the onset and
productivity of upwelling will have the most effect on seabirds
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Thank you!
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