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Introduction

North Pacific Gyre Oscillation (NPGO)
Pacific Decadal Oscillation (PDO)
1977 Regime Shift

Gilant Kelp

— Annual Maximum Aerial Canopy (1967-2007)

« Similar Response Across Area?
 Response to NPGO/PDO?

— Point Loma Adult Density
* Represent Aerial Canopy?

* Relationship to N?
 Response to NPGO/PDQO?
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Oceanographic

Patterns The atmospheric forcing of the PDO and NPGO

drive different responses in coastal upwelling
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1 Northeast Pacific 2 California Current 3 Gulf of Alaska
Physical-Biological Variability CalCOFI Observations Line P Observations

Basic Requirements PDO mode . &xPlains
for Kelp Growth Pacific Decadal Oscillation (PDO)
- Light -l
- Nutrients
-Primarily
Nitrogen
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Morth Pacific Gyre Oscillation (NPGQO)

-Biological Control
-Urchin predation
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- Rare Events > | BT
- Storm R
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Di Lorenzo et al., GRL 2008.

=170 =160 -150 -140 -130 =120
1970 1980 1990 2000




1920 1940 1960 1930 2000

http://jisao.washington.edu/pdo/




_I‘-‘Ianhattan Beach

Palos Verdes Estates

2007 Kelp Su

(TR

rvey i/

Huntington Beach

_Ne@)ort Beach

'Laguna Beach

Oceanside

San Diego
B
Kilometers Kilometers Kilometers
0 5 10 5 10 15 0 10 15 20
—




Historic Patterns in Orangeféan’ '
Dlego County Kelp Beds b
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Kelp Bed Acronyms
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Correlations Between Kelp Beds

and Long Term Bed Resiliency

Correlations

FO Bed PV DPSC SMP SO BK NC EPP CSB LEU ECAR SB DM LJ PL B
33 Palos Verdes (PV) 1 052 052 045 0.05 026 039 -024 -003 0.28 019 -0.10 054 021 0.35
40 ([E)asgg)o'”tlsa”creek 1 070 055 0.41 0.39 0.62 -0.06 0.02 0.43 037 -0.11 0.82 050 0.39
38 San Mateo Paint (SMP) 1 076 0.12 0.65 0.73 0.07 025 0.64 049 0.10 0.68 0.43 0.45
35 San Onofre (SO) 1 022 072 070 023 021 054 036 0.07 0.63 045 0.45
31 BarnKelp (BK) 1 016 036 011 017 0.38 035 -0.14 0.62 049 0.29
36 North Carlsbad (NC) 1 077 066 0.70 0.80 070 051 054 058 0.23
34 (EE";'F:')apower Fiin; 1 047 052 0.73 062 027 0.71 050 0.34
Carlsbad State Beach
34 1 082 058 062 069 0.06 034 0.03
(CSB)
40 Leucadia (LEU) 1 079 083 083 022 050 0.11
39 Encinitas/Cardiff (ECAR 1 0.88 0.57 0.61 069 0.41
41 Solana Beach (SB) 1 0.64 050 066 0.34
33 Del Mar (DM) 1 -0.07 0.33 -0.07
41 LaJolla (LJ) 1 071 0.55
41 Point Loma (PL) 1 0.3
25 Imperial Beach (IB) 1

Bold = Correlation significant at the p < 0.05 level (two-tailed).



PCA of Maximum Canopy by
Site




Maximum Kélp Bed Aerial Caacﬂop;/ ‘
Anomaly and PDO/NPGO™ = &

Kelp
— NPGO + 1 year
NPGO: R?=0.17, p < 0.007

PDO: R = 0.04, p = 0.23
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PCA Kelp and NPGO Lagg%d 1
Year
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Kelp Density at Point Lorma by
Stage |

Adult Stipe
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Pt. Loma Adult Density:afd
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Pt. Loma Adult Density and NO, .
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Conclusions

 Significant relationship in annual
fluctuation between beds
— SD Beds better related than OC or LA Beds
_ Break at the San Onofre/San Mateo area
— Barn Kelp was an outlier




Conclusions

« NPGO better related to Aerial Canopy
than PDO
— Indicative of NPGO relationship with nitrogen
 Anomalous events and urchin predation
may reduce relationship
— Low frequency storms
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Conclusions

 Pt. Loma adult density
— Related to Aerial Canopy

— PDO better predictor of adult density
e Temperature and nitrogen relationship

* More instability since 1977 regime shift
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