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Partners

INTEGRATED OCEAN OBSERVING SYSTEM
NATIONAL MARINE Plumes and Blooms (NASA)

SANCTUARIES o _
BOEM Pacific Region

Santa Barbara Coastal LTER (NSF)

Existing Monitoring Partners

Channel Islands National Marine Sanctuary
Southern California Coastal Water Research Project
Southern California Coastal Ocean Observing
System (SCCOQS)

Channel Islands National Park

Gray Whales Count
CalCOFI
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=Pelagic, Black = Oceanography, Red = Intertidal, Yellow = Benthic/Subtidal
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1. Provide data to inform managers and society about
patterns of biodiversity across taxa, space, and time
* [ntegrate existing data
* Develop new methods & products

MBON Prototype:

2. Build a framework to facilitate MBON development under

diverse circumstances
GO0 B@N




Progress, by Taxonomic Group

Whale soundings (D, A)
Marine mammals (D)

Otter sightings (D)

Shore birds (A)

Shallow subtidal fish (A)
Fish larvae (A)

Deep reef fish/inverts (A)
Shallow reef fish/inverts (A)
Shallow subtidal inverts (A)
Beach invertebrates (A)
Soft-bottom benthos (A)
Reef epibinthos (A)

Subtidal algae/sessile inverts (A)
Kelp canopy (A)
Phytoplankton (A)

Water column microbes (A)

Measurement Class:

10

Step, Kissling 2018

D: Occurrence (EBV “distribution”)
A: abundance or density (EBV “abundance”)

11

Focus on time series
oldest: 35 yrs
youngest: 18 yrs

14 Data packages
published
stable, immutable
with DOI

Spanning taxa from
microbes to whales




BOEM

Bureau oF Ocean Enerey M anacement

Net Environmental Benefit Analysis
of offshore platform decommissioning alternatives

Platform regions

# Pt. Conception
# West SB Channel

Leave in Partial Total
Removal Removal
=t Users:
S — US Bureau of Ocean Energy Management

# East 5B Channel
¥ Orange County

Varfable to plot

DBecommissioning Alternathve

https://meyer-gutbrod.shinyapps.io/Decommissioning_ WebApp/

'''''''''

— CA State Lands Commission

— Petroleum industry (e.g. Exxon, Chevron,
Venoco)

opdnizlig
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LenS | © OpanstrmaiMep conmipuncrs, CU-HY-50

Meyer-Gutbrod et al., in prep



Comparing platform decommissioning scenarios

1000 1

04

. Partial removal

Complete removal

Meyer-Gutbrod et al. In prep.
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Platform structures are dominated by
rockfish

If removed, sites will return to mud inhabited
by soft bottom species such as flatfish

Removal of 24 platforms will result in the loss
of 28,700 kg of fish biomass, and an

additional loss of 4,700 kg of annual fish
production

Soft bottom genera
Il citrarichtnys
. Genyonemus
Glyptocephalus
- Hydrolagus
- Icelinus
ﬁ Lyopsetta
. Microstomus
- Other

SCCWRP

WCGBT

Parophrys
Pleuronichthys
Sebastes

! Synodus

. Zalembius
. Zaniolepis

nig shellmound

Platform genera

. Chromis
. Medialuna
. Other

Paralabrax
m Rhinogoblops

. Sebastes




California Sheephead Abundance in CINMS

The California sheephead {Semicossyphus pulcher) is a large and beautiful fish
that plays an important role in the food web of kelp forests and rocky reefs in
southern California. Sheephead are also a popular sport fish for recreational
and commercial fishing and a draw for SCUBA divers.

Abundance of California Sheephead
Semicossyphus pulcher (> 10 cm)

mean density/30 minute count (2000 m?)

o - —
A A O
Average density of California sheephead at Channel Island National Park

kelp forest monitoring sites at the five islands in CINMS. Sheephead density
was averaged across all monitoring sites at each island to examine overall

sanctuary trends. Note that juveniles (< 10 cm) were excluded from analysis.

Abundance of California Sheephead
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Average density of California sheephead observed by SCUBA divers at
14 sites across four islands in CINMS monitored by the PISCO kelp
forest manitoring program. Observed density was averaged across all
monitoring sites at each island to examine overall sanctuary trends.

O
O
-

tion Reports

KEY CLIMATE & OCEANOGRAPHIC DRIVERS
Q1,13: Nitrogen:Phosporus
(3: Sea surface temperature
&3: Seafloor temperature

08, 010: Kelp forest fish
Species abundance & size
structure, diversity indices

Channel Islands 2b

KEY HUMAN ACTIVITIES
02, Q13: Contaminants in fish
Q14, Q15: Marine debris abundance
Q15: Commercial fishing activity level
Q15: Recreational fishing activity level
(14/15: Boating activity level

\’/

08: Nesting birds P
Colony size & fledging rate




How does biodiversity affect ecosystem function and
stability?

Understanding the factors that dampen variability of biomass production is
a core concept of Ecology

¥ local
community
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Ecosystem \ H
functioning : :l Temporal
(total community H variability
biomass) '
()
v =—
u

Time
However, most empirical and theoretical studies which have investigated ecological
variability and its relation with biodiversity have focused on local scales



Species diversity begets stability

Real-world ecosystems are complex:
from populatlons of single species to

miilfi_cnariac rFrnmmMmiinitiac +n |

Recommendation: data
Integration and management
needs suence mvolvement

CV¢y, (57%) CVcr (17%)

I S I W e W vlllvlvlv‘vlj

‘ CVs,, (115%) CVr (64%)

Local Regional

Spatial scales

Lamy et al. 2019, Ecology, Wang et al. 2019, Ecography



New Products: Deep learning for image analysis

Typical machine learning Deep learning

Engineer required Benefits

throughout Generalizes to your data
Fully automated - no feature selection
a Time consuming High accuracy

' (months) Leverages
‘ " Select classifier Scalable services

Only works on .
Annotation system

specific type of Cluster processing
data Fast classification on GPUs

BisQue | VIO




age management & annotation B ISQU e ‘ VI QI

BisQue @Create- @Upload @ Download = Analyze~ [OWSE~  Find resources using tags Dmitry~
& Delete ‘ QI @ k& Exports @ ¢ s Annotation status «
Metadata

Image: 5496x3670 ch: 3/16bits Scale: 25% 7\ . >
0 Q® @
ﬂ 4 Q Annoctations Graphical Metadata Analysis

Current children: 101

8 Watersipora-Reef

@ Visibllity + B8 Add [ Delete  @Color BB

Type:Name

nvllia eleg;




Model building & usage

BisQue

Find resourees using tags

@ Create= @ Upload @ Download = @ Analyze - Browse«

Sea creatures ‘ - el I- I fode =
S 15 Rhodaphyta - Encrustin
1 A .

(&) isque admin= (?)= G) 5

Dataset:
Watersipora-
Reef

4 phiy ydyrmenia
Datasel: Watersipora-Reef (13 images) ~ = 7
4 ) T wpeeella xr
8 33 Subistrate - Hydrold/ Bryozoan complex
24 50% 50% -
Number of samples Class accuracy Sample goodness 103 28 #hodopryta - Chondracanthus sop
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Connoisseur: automated image annotation Help and workflow
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1. Select data for processing:

g e Rty

Classhcaten mode:

2. Parameters:
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3. Run algorithm:
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4. Results:

The module ran In 40 seconds
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BisQue | VIOl
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ldentification & segmentation

Py

Recommendation: machine
learning requires time but
saves work In the long run
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New Products: Acoustics ‘
Acoustic Detection of Marine Mammals

Blue Whale

SCRIPPS WHALE ACOUSTIC LAB

Seasonal patterns of blue whale song
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Phytoplankton pigment community clusters

define five clusters
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Oceans Catlett and Siegel, 2018.
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New Products: Remote Sensing

Phytoplankton functional diversity

Bio-optically modeled PFTs give us
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the links to PACE/ESBG

Prediction of fucoxanthin
(diatom marker) from
optical derivative spectra

Works well - r2 =0.86

Similar performance for
other marker pigments’

Requires info from the
entire spectrum



Bio-Optical Model Extends Biomarker Pigment Time Series

Model Retrievals R2
TChlb (green algae) | 0.815
HexFuco (haptophytes)| 0.733
Fuco (diatoms) 0.856
Perid (dinoflagellates) | 0.887

Zea (picoplankton) | 0.541
Pigment EOF Mode 1 (Early
upwelling mixed bloom) 0.884
Pigment EOF Mode 2
(Diatoms vs. mixed nano-/pico-
plankton) 0.852
Pigment EOF Mode 3 (Pico-
plankton vs. haptophytes) 0.454
Pigment EOF Mode 4
(Dinoflagellates vs. mixed

98 99 00 01 02 03'J04 05 06 07 08 09 10 11 12 13 14 15 diatoms/haptophytes) 0.809
Year

989900010203040506070809101112131415

98 99 00 01 02 03 04 OO O6 O7 08 09 10 11 12 13 14 15

HexlFuco

T e s s
' 4R SEeRs MBS
‘E Er i -Jaﬂ“ ... B

98990001 02030405060708091011 12 13 14 15
TCth

Distance from shore (km)

Plgment Concentration (7 g/L)

*Catlett et al., in prep.



PFTs and Climate

* |nvestigating PFT associations with climate —wees| |

3

1997-2015 L

 SBC dinoflagellate blooms associated with
low or negative NPGO + MEI

 Hypothesis: climate-driven variations in

surface-ocean circulation drive variations
in PFTs 4

— Low/negative NPGO = weaker equatorward 3l .- B:
flows in Cal Current, dino-rich SoCal Bight ) '
waters can be transported North into SBC to
seed blooms

— Low/negative ME| = weak El Nino/La Nina
provides favorable conditions for dino L RPN
blooms Ce I

-3 —I2 —ll 0 1 ) 2 3 °

*Catlett et al. preliminary Monthly Mean NPGO

—Perid | p .

NPGO/MEI

Monthly Mean MEI

Manthly Mean Peridinin

Peridinin



PFTs and Surface Ocean Circulation

* ROMS particle trajectory modeling
used to quantify water mass origins
for each PnB cruise

* Particles released back in time from
the PnB transect (red), count how
many originated in each box (blue)

* ~30% increase in proportion of
particles from Box 7 for dino blooms
relative to diatom or no bloom

e (Climate-driven) surface ocean
circulation may be important in
biodiversity monitoring

*Catlett, Siegel, Simons, et al, preliminary

250

200

150

Diatom-rich Cal.

Current

Dino-rich SoCal
7 Bight

Difference in Proportion of Particles

o
=y
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=Y
o1

0.1r

-0.05

| 1
100 150 0 250

15 day advection time

I Dino minus no bloom
" |l Diatom minus no bloom

Origin Box Number



Formation, Development, and
Propagation of a
Coastal Coccolithophore Bloom
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Matson et al. (in nress) JGR Oceans



Genomic Links with Pigment PFTs + Bio-optics

o
=g ~ IYs) (8]

Recommendation:
Determine remotely sensible
and validated PFTs

o
Fall-Winter ~  ©°




New Products: Remote Sensing

Kelp condition, age, and forest extent

e R T R S T C.

M w

Bell & Siegel in prep
Bell et al. L&O 2018
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ENERGY

SAMS

Scalable Aquaculture Monitoring System
Pls: Siegel, Bell, Cavanaugh, Miller, Nidzieko, Nelson, Reed
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Giant kelp creates a diverse ecosystem

Giant kelp increases biodiversity Giant kelp stability indirectly stabilizes the
through physical engineering community via its effect on biodiversity

Recommendation: focus on
dynamics of foundation
species (best with RS!)

e | /il |

Miller et al. 2018, Proc. Royal Soc. B.,Castorani et al. 2018 Ecology Lamy et al. Ecology in review



Environmental Microbiology (2018) 00(00), 00-00

New Products: Genomics
Microbial diversity & community structure

Mock community deviation from expected
abundance with four different primer sets:

S
—

Log2-fold ratio to expected
Sobh bbb ioomwan

—
p—
p—

B V45
1 —

doi:10.1111/1462-2920.14091

V3-4
I Vi-2

Actinobacteria: 0CS1554
Flavobacteria: Polaribacter-
Flavobacteria: NS4+
Flavobacteria: NS5+
Deferribacteres: SAR406+

SAR11 Surface 14

SAR11 Surface 2

SAR11 Deep 11
Roseobacter NAC11-74
Roseobacter DC5-80-3

Roseobacter OCT-:
Other Rhodobacteracea-
0CS116-

SAR116-{m——
Nitrospina-
SAR324 (Marine group B)A
SAR92
OM60(NORS5)-

Pseudospirillum-
SAR86
Other, <0.1%-

Verrucomicrobia: MB11C04+

Euryarchaeota: Marine Group Il
Thaumarchaeota: Nitrosopumilus-

Alphaproteobacteria Deltaproteobacteria  Gammaproteobacteria

Ordination plots of the same marine time-series
samples sequenced with four primer sets

A-V4-5

o ta .

March

™ . L Y May
. May - process
* June
» "a, July
August
. September
* Crotober
b ] MNowvemher
| December

A m———]
. | February

Wear et al. 2018



Phytoplankton Genomics Method Validation

e Mock communities

Recommendatlon method
validation Is critical for
genomlc surveys

ardiridLicdily reguce } il
accuracy + precision — it

OI' O O O 8888888

88888

*Catlett et al., 2019, submitted, Environmental Microbiology



Environmental DNA captures the fine scale and hierarchical
spatial structure of kelp forest fish communities

Senorita

> s

Visual Survey
(2001-2019 SBC
LTER)

Spatially stratitied sampling of 49 water samples on 27

transects across 11 rocky reefs

Lamy et al., in prep.



eDNA and Acoustic Telemetry Detection of Great White Sharks

- |
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Recommendation: eDNA
useful especially for known

S TSN\ /s e e e =

Lafferty et. al 2018, Frontiers Mar. Sci.
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Comparing the efficiency of alternative

methods of monitoring biodiversity

Sampling

method 1 \ Information management
: about =P actions and

Sampling ’ biodiversity outcomes

method 2

Biodiversity information:
status of rare species
richness and evenness
Trends in abundance
Spatial patterns of diversity

For each method:

- Rarify biodiversity to 100
individuals observed

- Calculate associated
confidence intervals (Cl)

- Uncertainty is Cl/mean

Species Diversity

0 250 500 750 1000

Number of Individuals

Uncertainty-effort curves:

- Randomly subsample
replicates

- Calculate expected Cl
and uncertainty

16

12

Species Diversity
®

.........

o 1 2 3 4 5 6 7 8 9 10 11 12

Number of Transects

OD = Richness, 1D =Shannon Diversity, 1D =Simpson Diversity




Partnership for Interdisciplinary Studies of Coastal Oceans

NATIONAL
PARK
SERVICE

Compare sampling efficiency across methods:

oD 1D 2D
(richness) ~Shannon) (~Simpson)
h 5.
=
©
)
=
} Data Source
)
~— - REEFCHECK
>
)
£
@©
i)
| -
)
O
c
) \
0

Sampllng Effort (dlver hours)

"n L Compare power to detect change:

oD D D
(~Shannon)  (~Simpson)

(richness)

1.00

Data Source

~ KFMP
PISCO

~ REEFCHECK

Power to detect 25%
change in biodiversity

0.25

0.00

0 3 4 0 2 4 0 1 B

Sampllng Effort (dlver hours)




Program Development

1980 1985

1990 1995 2000 2005 2010 2015 2020

Andrews Forest LTER

Coweeta LTER

Recommendation: MBON

cCom

\ Freshwater |

‘ Network Admin |

KAnsa Deairia ITER

support should be

NATIONAL

SCIENCE

FOUWDATION

petitive but predictable

California Current Ecosystem LTER

Beaufort Lagoon Ecosystem LTER
Northeast U.S. Shelf LTER
Northern Gulf of Alaska LTER

LTER Network Office (UW) \

\ LTER Network Office (UNM) \

LTER Network Communications Office
Environmental Data Initiative
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SBC MBON: by the numbers SEFANOGRETL
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* Postdocs: 7 ECOLOGY
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