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Context: California upwelling ecosystem

WHERE?

California
Current
upwelling
system
woaweh a@ food veab
WHAT? 2 e = 4,
zooplankton wen o
(krill) and cor ¥ o y L
predators
3,500-4,000 m m 100-1,000

F. Chavez, unpublished



Context: krill hotspots

What drives krill hotspots? Can we predict them?
Are they more than just krill, ie. ecosystem hotspots?
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Project overview

Overarching goal: improve our ecological understanding of
zooplankton and its relationship with (1) the physical
environment and (2) lower/higher trophic levels.
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ROMS-NEMURO model: validation
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ROMS-NEMURO model: hotspot drivers

Northward

propagation of

hotspots
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ROMS-NEMURO model: hotspot drivers

Hotspot interannual variability primarily driven by
changes in upwelling winds

In turns impacts advection, nutrients, stratification, etc.

ECF MODE

0.61

42.0 —
0.0z
Q.08
.ol
0,005
Q.000
={0.005
=, 01
-0.018
=02
=0,08%5

40.0 —

15t mode
hotspot
Intensity

38.0 —

INTENSITY MODE 1

36.0 =

=03
| | | T T T T 1 =0.00

I

54.0 — |

|
0000 0,050 o100 1270w 126.0°W 123.0°W 121.0°W

Fiechter et al., in prep



Satellite growth-advection method

Biological evolution
of a water mass
during its advection
(“conveyor belt”).

Inputs = wind-driven
nutrient supply
+ currents
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Towards predicting hotspots from satellite
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Towards predicting hotspots from satellite

Krill annual maximum

——NEMURO
- Hotstpot intensity ——RAMER 1 oqel
--.. GAhybrid Zbig (May-Aug)mmoicim3 Mendocino (40-43.5°N)
44°1, m 5 3 2
. e r?=0.62
6 240 2
S r?=0.37
42°N H 1Mendocino E 3r
¢ o 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
(o]
40°N . [MB/SF (36.5-39°N)
e85y 5 r?=0.43
0 Qat 4
ke S r2=0.42
= 3 3
36°N 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
- Big Sur (34-36°N)
34°N £ 4 s  r’=050
S
S3f 3 r’=0.40
0
321I§8°W126°W124°W122°W120°W118°W - 2 ] 2

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

NEMURO = 3D biogeochemical model coupled with ROMS
GA model = growth/advection using the same wind/nutrient/currents fields
GA hybrid = growth/advection using satellite Nsupply and ROMS currents



In situ data: Assessment of observed hotspots
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In situ data: Assessment of observed hotspots
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In situ data: Linking top predator patterns with

observed and modeled hotspots

Spatial climatology (96-16)
93 species
(66 seabirds, 27 mammals)

How are predator diversity
and distribution patterns
related to observed and
modeled zooplankton
hotspots?

39°N-+

36°N-

35°N+

N

Total A

Species
Richness

Presence of ~5

2 hotspot regions
1 ™~ . .
= (similar to model
. results)
I
3
Total_Rich
- 0.000 - 0.750
B o751 -0 ‘ 4
11 b
:] 1620 - 2.385
l:l 2.386 - 3.057 5
E 3058 -3.778
- 3.779 - 7.000
0 30 60
| = e B i Kilometers
125|°W 12;°W 12?:°W 122'°W 121'°W 12(;°W 119'°W




In situ data: Linking top predator patterns with
observed and modeled hotspots

Species assemblages verify onshore and offshore habitat
affinities, onshore similar to krill hotspots
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Key results

* Zooplankton get concentrated in “hotspots”
primarily driven by winds (upwelling) and
surface currents

* Models successfully capture the interannual
variability of hotspots

e Krill hotspots coincide with predator hotspots,
characterized by higher biomass and
biodiversity

Submitted session at Ocean Sciences 2020:
Life in a moving ocean: observing and modeling ecosystem hotspots



