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How vulnerable are Salish Sea
kelps to climate change?



Why meta-analysis?
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Review of the literature Combine data from General trends Knowledge gaps
multiple studies



How does a meta-analysis work?
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Our questions

* How vulnerable are Salish Sea
kelps compared to the rest of the
world?

* How do warming and acidification
affect kelp, separately and
combined?

* Is vulnerability the same across all
species and life stages?
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Negative effect of
treatment

Gulf of Alaska -

Oregon, Washington, Vancouver Coast and Shelf -

Puget Trough/Georgia Basin -

Northern California -

Southern California Bight 1

Virginian 1

.. . Gulf of Maine/Bay of Fundy 1
Y-axis: categorical igdsor Corplex

division of the Scotian Shelf -
North and East Barents Sea

data Northern Norway and Finnmark -
Southern Norway -

North Sea A
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South European Atlantic Shelf 1
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Yellow Sea 1
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Sea of Japan/East Sea
Central Kuroshio Current -
Humboldtian 1

Central Chile 1

Araucanian 1

Chiloense 1

Namaqua 1
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South Australian Gulfs 1
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Bassian -

Tweed-Moreton -
Northeastern New Zealand 1
South New Zealand

Ecoregion
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Positive effect of
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Zero-line
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Ecoregion

Warming
Gulf of Alaska 1
Oregon, Washington, Vancouver Coast and Shelf - ——
Puget Trough/Georgia Basin - ———
Northern California - ——
Southern California Bight - ——
Virginian 1 ——
Gulf of Maine/Bay of Fundy 1 ——
Hudson Complex -
Scotian Shelf - ——
North and East Barents Sea - ——
Northern Norway and Finnmark - ——
Southern Norway - ——
North Sea 4 ——
Celtic Seas - ——
South European Atlantic Shelf 1 ——
Northeastern Honshu 1 +
Yellow Sea - ——
East China Sea 1 —
Sea of Japan/East Sea L
Central Kuroshio Current - —a—
Humboldtian - ——
Central Chile 1 ——
Araucanian 1 ——
Chiloense - ——
Namaqua 1
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Houtman A ——
South Australian Gulfs - ——
Leeuwin ——
Western Bassian o ——
Bassian - ——
Tweed-Moreton A
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South New Zealand 1 L
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Effect direction
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Effect direction

Warming : Positive
No effect
¢ Negative
l Puget Trough/Georgia Basin-l ——0




Effect direction

Warming # Positive
¢ No effect
Gulf of Alaska @ @ Negative
Oregon, Washington, Vancouver Coast and Shelf —
Puget Trough/Georgia Basin ———
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Southern California Bight ——




Effect direction

. Acidification e Sisilive

Warming and Warming Acidification : o

Gulf of Alaska ® ® Negative

Oregon, Washington, Vancouver Coast and Shelf —— ®
Puget Trough/Georgia Basin ———
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Southern California Bight —— © ——
6 4 2 0 2 4 2 0 2 ) 0 2

Effect size



Effect direction

Warming Acidification Acidification @ Posiive
and Warming ¢ No effect
¢ Negative
l Puget Trough/Georgia Basin-l ——0
6 4 2 0 2 4 2 0 2 2 0 2

Effect size
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Effect direction

Warming + Positive

+ No effect

+ Negative
Cold Temperate Northeast Pacific-l ——
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Acidification

Warming and Warming Acidification
Arctic - - — —
Cold Temperate Northeast Pacific - —— ®
Cold Temperate Northwest Pacific 1 -.- ® ——
Cold Temperate Northwest Atlantic - —— ©
Northern European Seas 1 ~- ® ——
Warm Temperate Northeast Pacific - —0— —— ——
Warm Temperate Northwest Pacific - & ® ®
Warm Temperate Southeastern Pacific - —— —— ———
é Lusitanian A ——
E Benguela -
o
Agulhas - g
West Central Australian Shelf - ——
East Central Australian Shelf 4 ° ° @
Southwest Australian Shelf - —— °
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Southeast Australian Shelf - —— ©
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Species
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Species

Saccharina sculpera A
Saccharina longicruris -
Saccharina angustissima -
Saccharina angustata A
Postelsia palmaeformis 1
Lessoniopsis littoralis -
Lessonia variegata A
Lessonia corrugata A
Laminaria sinclairii 1
Laminaria setchellij 1
Laminaria farlowii A
Laminaria ephemera -
Hedophyllum sessile -
Hedophyllum nigripes -
Hedophyllum dentigerum A
Eualaria fistulosa A
Eisenia bicyclis A
Ecklonia stolonifera -
Ecklonia biruncinata A
Dictyoneurum reticulatum o
Alaria crassifolia 1
Undaria undarioides -
Laminaria japonica -
Ecklonia radicosa A
Ecklonia maxima A
Ecklonia arborea -
Agarum clathratum 1
Pte?/gophqra californica -
essonia trabeculata -
Egregia menziesii 1
cklonia cava -

Costaria costata A

Alaria marginata A
Lessonia nigrescens -
Nereocystis luetkeana A
Laminaria solidungula A
Laminaria ochroleuca -
Laminaria hyperborea -
Alaria esculenta A
Ecklonia radiata -
Saccharina japonica 1
Undaria pinnatifida A
Laminaria digitata -
Macrocystis pyrifera -
Saccharina latissima -

Present in
Washington?
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Saccharina latissima -
Macrocystis pyrifera A
Hedophyllum nigripes 1
Costaria costata -
Agarum clathratum A
Egregia menziesii
Nereocystis luetkeana -
Pterygophora californica 1
Alaria marginata A
Laminaria sinclairii -

Species

Hedophyllum sessile 1
Laminaria setchellii 1
Lessoniopsis littoralis A
Postelsia palmaeformis A
Dictyoneurum reticulatum -
Laminaria ephemera A

Global average -

Warming

Effect size

Effect direction
+ Positive
+ No effect
+ Negative



Effect direction

+ Positive
+ No effect
+ Negative
Warming
Saccharina latissima - —(—
Macrocystis pyrifera 1 ——
Hedophyllum nigripes 1 ——
Costaria costata - @
Agarum clathratum A ®
Egregia menziesii ——
Nereocystis luetkeana - ®
Global average { ==
3 2 4 0 A

Effect size



Effect direction

+ Positive
+ No effect
+ Negative
Warming
Saccharina latissima - ——
Macrocystis pyrifera 1 —— _
Hedophyllum nigripes A ——
Costaria costata - @
Agarum clathratum A @
Egregia menziesii ——
Nereocystis luetkeana - ®
Global average { ==
3 2 4 0 A

Effect size



Effect direction
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+ No effect
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Warming
Saccharina latissima - —(—
Macrocystis pyrifera 1 ——
Hedophyllum nigripes 1 ——
Costaria costata - @
Agarum clathratum A ®
Egregia menziesii ——
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Global average { ==
3 2 4 0 A

Effect size



Warming

Saccharina latissima A —{—
Macrocystis pyrifera 1 ——
Hedophyllum nigripes A ——
Costaria costata -
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Effect direction

+ Positive
+ No effect
# Negative
: Acidification e
Warming and Warming Acidification
Saccharina latissima - —(— O @
Macrocystis pyrifera - —— @ ——
Hedophyllum nigripes A ——
Costaria costata - &
Agarum clathratum A ®
Egregia menziesii ——
Nereocystis luetkeana - ® @®
Global average { == = ——
3 =2 414 0 1 =2 41 0o 1 2 0o 1 2

Effect size (standardized mean difference)
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Big takeaways

* Effect of multiple stressors largely
unknown

Warming aﬁgd\;cgfrtrll(i)nng Acidification
Saccharina latissima - —— 0 ——
Macrocystis pyrifera A — @ ——
Hedophyllum nigripes - ——
Costaria costata - —_—
Agarum clathratum A —_—
Egregia menziesii ——
Nereocystis luetkeana - —
_g Pterygophora californica - —
8 Alaria marginata —
C%' Laminaria sinclairii{ —&——
Hedophyllum sessileq ——&——
Laminaria setchellii °
Lessoniopsis littoralis A °
Postelsia palmaeformis A °
Dictyoneurum reticulatum - o
Laminaria ephemera A o
Global average 1 —— = ——
3 =2 4 0 1 =2 4 o0 1 2 0 1 2 3

Effect size (standardized mean difference)



Big takeaways

* Effect of multiple stressors largely
unknown

* Salish Sea kelps could be in trouble




Big takeaways

* Effect of multiple stressors largely
unknown

* Salish Sea kelps could be in trouble

* Knowledge gap in understory kelps




Image credit Dr. Padilla-Gamifio .



Thank you!

Dr. Cinde Donoghue

Washington
Department of
Natural Resources

Contact me at:
mroeth@uw.edu
Twitter:
@mirandaroethler
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