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Marine invasions in California

Over 257 non-native marine species established in California
(Ruiz et al., 2011)
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Spatial and temporal analysis of marine invasions in California

RESOURCES AGENCY
CALIFORNIA

gl  Office of Oil Spill Prevention and Response (OSPR)

Surveys, analysis and reporting of marine and estuarine non-
indigenous species (NIS) in California

e 5-year project (2012-2017)

e Different habitats and fauna (hard-substrate, soft-sediment,
plankton, outer coast)



Some Guiding Questions

What are the patterns of diversity and abundance of non-native
marine species (in California waters)?

What controls these patterns of diversity and abundance?

How do invasions affect the workings of the recipient
ecosystem?

What vectors are most responsible for moving non-native
species around?



Five P’s

Phenomenon
Pattern
Process
Prediction

(Policy)

James T. Carlton




Hard substrate, soft sediment, and plankton surveys




Today: focus on hard substrate, mostly SF Bay

Most marine invasions are on hard substrates:

Docks, rocks, pier pilings, seawalls, rocky bottomes...




Sample processing workflow

Morphological taxonomy

Final identifications

Genetic analyses

Geller Lab, Moss Landing
Marine Labs




Environmental variation in estuaries

Salinity is a key estuarine variable

Changes to freshwater inflow
significantly change salinity in

estuaries and nearshore ocean 35 ppt

San Francisco Estuary:

Drains 163,000 km? = 40% of

California Average monthly precipitation
In San Francisco

Nearly all precipitation falls during 6

November - March Jelies

Large interannual variation

0 T T
Jan Apr Jul Oct

Data from NWS




Hard substrate (fouling) communities from fresh to
saltwater
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San Francisco Bay had
highest absolute # NIS
and highest % NIS

Increasing sessile
diversity further south
(expected latitudinal
gradient)

14-21 mobile NIS
detected per estuary

23-35 sessile NIS
detected per estuary

How many species?
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Species accumulation
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San Francisco Bay

Essentially complete
sampling of NIS in
most years
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Detecting non-native species — change across years
Summer fouling communities in Richmond, CA




Environmental variation in estuaries

Salinity is a key estuarine variable

Changes to freshwater inflow
significantly change salinity in
estuaries and nearshore ocean 35 PPt

San Francisco Estuary:

Drains 163,000 km? = 40% of

California Average monthly precipitation
In San Francisco
Nearly all precipitation falls during 6
November - March Jelies

Large interannual variation

Jan Apr Jul Oct

Data from NWS




Focal Period: 2001 — 2013
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Environmental
conditions make
a big difference
at the same site

across years:

Summer species
abundances vary
as a function of
the previous
winter’s outflow
(salinity)

Chang et al.
(in review)

Botrylloides violaceus _

(colonial tunicate)

Botryllus schlosseri
(colonial tunicate)

Cryptosula pallasiana
(encrusting bryozoan)

Bugula stolonifera
(branching bryozoan)

Bugula 'neritina’
(branching bryozoan)

Ciona savignyi
(solitary tunicate)

Ascidia zara
(solitary tunicate)

Ciona intestinalis
(solitary tunicate)
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Species accumulation: how consistently do we find NIS

across different environmental conditions?

10

20

Samples

30

Winter Salinity (psu)
p—

30
20

10

. )

40 50



Are non-native species confined to bays?

Wasson et al. (2005) Biological Invasions

Biological Invasions (2005) 7: 935948 © Springer 2005
DO 10,1007 /s10530-004-2995-2

Habitat differences in marine invasions of central California

Kerstin Wasson'*, Katherine Fenn® & John S. Pearse’

'Elkhorn Slough National Estuarine Research Reserve, 1700 Elkhorn Road, Watsonville, CA 95076, USA;
*Department of Zoology, Miami University, Oxford, OH 45056, USA; *Long Marine Laboratory,
University of California, Santa Cruz, CA 95064, USA; * Author for correspondence

(e-mail: researchi@elkhornslough.org)
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Many fewer invasions outside bays — low propagule pressure

But if bays are hotspots / sources of invasions, we need to watch
the outer coast



Outer coast surveys: intertidal

Data S10, NOAA, U.S. Navy, NGA, GEBCO,
© 2015 Google ~
Image Landsat i

Data MBARI
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Outer coast surveys: subtidal

Data SI0, NOAA, U.S. Navy,
© 2015 Googl
Image Landsat

Data MBARI
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Cover of Watersipora at site (average across transects)
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'CAUFOR”'A California Department of

HSl-

% Fish and Wildlife

Fishing i Licenses & Permits Conservation

Home OSPR : Science | Cal-NEMO

California Non-native Estuarine and Marine Organisms (Cal-NEMO)
Database

The Cal-NEMO database includes comprehensive and user-friendly information on established non-native invertebrates
and algae in the marine and estuarine waters of California. A collaboration between Office of Spill Prevention and
Response (OSPR) and the Smithsonian Environmental Research Center (SERC), Cal-NEMO is a portal of the National
Estuarine and Marine Exotic Species Information System (NEMESIS).

Cal-NEMO replaces CANOD, OSPR'’s inventory of non-native species in California. Improvements include images and
descriptions for identification, maps of global distributions, and information about species ecology and impacts. Itis a
long-term, dynamic database that we will continue to update as new species are discovered and new research becomes
available.

Contact Information

Steve Foss
Email: Steve.Foss@wildlife.ca.gov
Phone: (916) 341-6958

Last update : 9/26/2016 2:51:31 PM




Take-Home Messages

Bays are highly invaded; San Francisco Bay is most invaded

Spillover onto hard substrate outside marinas, and outside bays
needs to be examined further

Repeated, standardized surveys allow us to track changes in
invasions across a wide range of environmental conditions

Help predict invasion consequences of management actions and
responses to climate change
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Looking Ahead

NOAA Ol SST

HOW are management aCtlons Surface SST (C) Composite Anomaly 1981-2010 climo
affe Cti ng i nva S i O n S ? NOAA/ESRL Physical Sciences Division

How will our changing climate
influence invasions?

Are we prepared for the
changing risk landscape
posed by droughts and wet
years, the “Blob”, and other
challenges?
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Thank youl!
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Soft sediment

Abundance and richness
similar across years Species accumulation
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