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A Biodiversity is a key indicator of ocean health and provides insight to food

abundance, quality, and safety. But baselines are sparse. A g rand
A As climate changes, how systems and communities will
respond/reorganize to multiple, overlapping stressors is unknown. Chal Ienge

A The ocean moves and species responses to environmental changes are
complex and noftonstant.

A Coastal conditions exacerbate these challenges (space/time, remote
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National Ocean Partnership funded: 2014, 2019, 2022,
2024

A Integrate and synthesize existing information from
monitoring programs: 100S, OOI, fisheries surveys,
LTER, Sanctuaries

A Define minimum criteria for observing biodiversity 4o
A Develop/Apply technology for autonomous sampling

A Detect and track biophysical/biogeographic chari¥
through advanced remote sensing

A Embed organismal information into ocean -
observatories through meaningful biodiversity °
indicators [

Alnformative, mechanistic, scaleable ® Us MBON stations }
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Context and biogeographic change: distributions and patterns
across seascape habitat patches that scale up
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Regionallytuned plankton community composition

contribute to MBON and PACE Applications
1. Size, dominance, and community composition

2. |I0OPs (as, Hypetbb) and imaging underway
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AGs: phytoplankton absorption

A Different phytoplankton have different ecological and biogeochemical roles/functions. Important for
fisheries, tracking carbon, predicting harmful algal blooms.
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Phytoplankton taxa have evolved different
accessory pigments that absorb and scatter light in
different wavelengthsBricaudet al., 2002).
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Blooms of dominated by different
phytoplankton groups have different
spectra (from Catlett and Siegel, 2018)



Seascapes have differephyto)plankton
communities and other optical constituents®s
improve algorithmsh complex coastal zonegg| -*
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Microscopy and pigments confirm
different communities across
seascapes. (Montes et al. 2020;
Kavanaugh et al. 2014)
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Particles abundance, size, shape, and chemica
makeup affect several Iimportant processes:

AFood availability for higher trophic levels (fish,-uapundance
ASinking rates and food chain transfer efficiensize

AGrowth rates, grazing rates and sinking ratehape

APrimary production rates, nutrient cycling, toxicichemical makeup
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POC (mg m~3)

Total attenuation and Backscattering: POC

Particulate organic carbon can be derived from
backscattering and attenuation.
Lots of regional variability
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Particle abundance and size

ASize structure can indicate trophic state.

sinking rates.

AParticle size slope important parametel . '[i g T Eose o

A

Concentration [ log(number) |

Size [ log(diameter) |
From Davies et al., 2021, Scientific Reports

+ OASIS 2007

Backscattering Spectral Slope, T

From Slade et al., 2015. Applied Optics

Lots of efforts to calculate spectral slopes and ratios
from back scatter, total scatter, and total attenuation.
Challenge: algorithms assume spherical shapes



Particles can range in size and function from microbes to fis
In-situ Ichthyoplankton Imaging System (I1SIIS)

Fig. 1.Example images of plankton taken by ISIIS.
Imaged taxa range from larger protists & Fig. 2.1SIIS being prepared for deployment on
phytoplankton to larval fish & gelatinous NOAA Shighimadaas part of NCC MBON

zooplankton. sampling.



Bio-optical measurements
across trophic levels
enable testing ecological
hypotheses:

Does lower trophic level slope
correlate to fish?

Does multitrophic level size
structure (diversity, and
abundance) vary as a function
of upwelling regime and
Interannual variability?
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Bio-optical data can inform fisheries management!

Table SF-01. Occan ecosystem indicators of the Northern California Current.
Colored squares indicate positive (green), neutral (yellow), or negative (red)
conditions for salmon entering the occan cach year. In the two columns to
the far right, colored dots indicate the outlooks for adult returns based on
ocean conditions in 2018 (coho salmon) and 2017 (Chinook salmon).
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Summary

ABio-optical observations provide insight: planktonic
diversity to ecosystem functioning

Aldeal observations are high resolution (space, time, tax
that scale up

Aldeal platforms allow for concurrent physical, chemical,
and rate measurements

A Support ecosystem science AND the development of
multi-scale, synoptic indicators to inform Ecosystbased
management

Thank you!

maria.kavanaugh@oregonstate.edu




Accessory pigments can perform both

C h I.a, P E : P C ﬂ u O resce n Ce)hotosynthesis and photoprotective duties.

rel. units .
100-  chia | phycocyanin _Cyanobacterla are
' phycoerythrin 'y important
/ ’ . .t .
g0l . nooiat i phytoplankton in

some ecosystems: |
nitrogen fixation,
primary

production
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Measurement acceptance angle of £4CGhla ex=470nm
em=695nm, phycoerythrin ex= 520nrem 595nm, and
phycocyanin ex =630nem=680nm.All raw counts are converted
into corresponding units using the scale factor derived during
calibration (ugChlL for CHL and ppb for PE and PC).




The interaction of light and stuff in the water can
us a lot about the stuff

AAttenuation is the loss of light Backscatter

along a path. Related to ..
transmission. - Transmission
ALight is attenuated by stuff in the
water thatabsorbslight orscatters
it off the path :
P Absorption

ABackscatter is equivalent to

NEFf SOOIl yOS 60 dzii| .F ay Qi B lj dzA NB | |
surface).

AFluorescencds the emission of :
absorbed light (comes with energy SCAtterig
change).

Attenuation(c)= absorption (a) + scattering (b)



Particles will scatter light based on their
abundance, size, shape, and chemical makeup

AWe all have practical firdtand experience of the first two.
ARain (large drops in thunderstorm >1000) vs fog (small drops, 1@n)
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Ocean color satellites measusflectancest

multiple wavelengths to infer in water properties
b(4) __L.(4)
a(A)+b,(A) E,(2.0)

w
Inherent Optical Properties
a = absorption Affected by

Rrs()t,0+) C

IR

b = scattering — amount/quality
of stuff
a p ‘ Apparent Optical Properties Affected by
P / L, = water leaving radiance | angle, sea state,
2 S aCDoM L, = upwelling radiance __ quality/quantity
nap . . . g
| / E, = downwelling irradiance |  of light

R = remote sensing (rs) reflectance

Fluores§cence \bf

Optical oceanographers calculate IOPs from AOPs and visa versa using radiative transfer theory and algebra (invel



Algorithms continue to Improve to separate
various optically active constituents

QUESTION: What happens to data quality as the sensor moves  Sherry Palacios: NASA ARSET and BAERI
from land to water?



