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PHYSICAL
prox-y

N
: I'praksa/ 4)
Noun
! 1. The autharity torepresent someaone else, esp. in voting.
! 2. A person authnrlized to act on behalf of another.
— Synonyms
! Z deputy - representative - agent - substitute
BNV, |
i 5 8 More info - ::::“a-';..:i:-*' - £ erriam-VWebster - The
- B |
| > |
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PHYSICAL

N

OPTICAL prox-y

I'praksa/ 4)
‘ Noun |
A MEASUREMENT Of ONE PHYSICAL
QUANTITY (OPTICS) THAT 1S USED
AS AN INDICATOR of THE VALUE
of ANOTHER (BIOGEOCHEMICAL
PROPERTY)

# SAMPLES
(RESOLUTION)

v
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Why?

) Optics B in Situ Or remOte 100 years ) Decadal Oscillations/
sensed gives us higher e T%Lﬁi.—ﬁhwsm
resolution dataset Ensd

Enomena

1 year
Seasonal MLD

* Traditional methods Epdonlai 3 e

1 month

. . Zooplankton
(discrete) often expensive|: Gz N
and time consuming T plrkon o
- — 1> Reziggiziton

* Sampling the parameters '™~ —>
on the scales of
importance

* Validation for remote - | .
sensing and hi-res R EEREERE
biogeochemical models
(e.g. Haéntjens et al, 2017)

Inertial/Internal
and Internal
Solitary Waves

Surface

Ifternal Tid
Fides aes

Molecular
Processes

Chang, G. and T. Dickey (2008).
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Why?

Optical instruments are getting smaller, more robust and
diverse

They can be deployed over extended perlods of time and
in hard to reach areas




How?

CoLLIN R., 2015:

ANYTHING THAT CAUSES VARIABILITY IN THE SAMPLE IS AN
OPPORTUNITY TO EXTRACT ADDITIONAL INFORMATION
FROM THAT SAMPLE.




Few examples of real entities and associated optical
proxies (in situ)

* Quantity
— Chlorophyll -> Chlorophyll fluorescence, a(676)
— Particulate organic carbon —c,, by,
— Phytoplankton carbon — b, Chl
— Suspended particulate matter -c, by,

— Particulate Inorganic Carbon — acid labile by, (Balch — week 4), cross - polarized
attenuation (Bishop’s Carbon Exporer)

— Dissolved organic carbon — CDOM absorption, fluorescence (next week more)
— Nitrate, sulfates — UV absorption
— Primary productivity — Fv/Fm , diel variability

e Quality (particulate composition)
— Particulate composition — by, /c, b,,/b,

— Particle size - c,, b, slopes and “fluctuation”, multiple angle scattering,
multiple angle c,

— Phytoplankton composition — Chl, a (A), Chl/C, multiple channel fluorescence

— DOC type — CDOM fluorescence and slope
Check out - Boss et al (2014) and Babin, Roesler and Cullen (2068)



Few examples of real entities and
associated optical proxies (in situ)

* Change in these quantities will tell us
something about fluxes

— Fluxes— movement of a quantity from one pool to
another

e Space - e.g. carbon export from mixed layer to deeper
ocean

* Time — productivity - e.g. primary production
* Type — e.g. phytoplankton to detritus, POC to DOC



CHLOROPHYLL BIOMASS (ABSORPTION)
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CHLOROPHYLL BIOMASS (ABSORPTION)

0.3 o Gulf of Maine
o ® (Cultures
10 & Prorocentrum micans
—~ 0.2 TE. — Bricaud el al, 1995
e E 107" ®
vg @
[i+]
o 0.1 o "
10
200 450 500 550 600 650 700 750 10 : ' “ '
—2 —1 ] Al 3
Wavelength (nm) 10 10 10 12 10° 10
Chl {mg/m®)
Roesler and Bernard, 2013
10
;
. é Chase et al, 2017 (in review)
s
5
0.01 Chl - HPLC n =402
Chl —a, n= 96,929
0.001
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CHLOROPHYLL BIOMASS (FLUORESCENCE)

(CHLOROPHYLL IS NOT ACHLOROPHYLL IS NOT ACHLOROPHYLL)

-
n

Southern Ocean

South Indian Ocean

Arctic Ocean

leeland Basin

Subarctic Atlantic Ocean
Arabian Sea gyre

Arabian Sea upwelling

Eastern Mediterranean
Westerm Mediterranean
Subtropical South Pacific Ocean

=
[

R
[ ]
L ]
E 3
X
o\
2
\ @

Chl fram ECO FI (mg/im®)
Chl from ECO FI (mg/m~)
o % @ B Qg 00 o8

i L D- | L L 1
0 1 2 3 4 0.01 0.1 1 10
Chl from HPLC [rng.fm?'}l Chl from HPLC {mg.frnHJ

Roesler et al, 2017
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CHLOROPHYLL BIOMASS (FLUORESCENCE)

(CHLOROPHYLL IS NOT ACHLOROPHYLL IS NOT ACHLOROPHYLL)

1) Physiology - light, nutrients, life stages 2) Species composition

05 180 ~ [
C = &} |[__]Green Lineage
04 160 o ° ‘I_med Lirll-valeu;parEI
'U) . NPQ 140 é' - | Elue Green Lineaoe
2 3 _
- 03¢ . ° ® 120 E 4 r =
? b o. . 100 E I % —_I__
§ 02 r‘;” oY ¥, 80 'i‘ﬁ 2 1 =
Ml s‘;g:""’l k! 60 2
e BB R AP o P
L | My SIS,
F @ ¥
: 100 0 S
Photosynthetic avaliable radiation Q\p’;‘ & R I:F“&' -a*'ﬁ@f“'} ¥
(umol photon m 2 s7%) ?9\“‘4‘ E‘.E,gi- M v

Roesler et al, 2017
Cetini¢ et al., 2015
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Chlorophyll biomass

(CHLOROPHYLL IS NOT ACHLOROPHYLL IS NOT ACHLOROPHYLL)

12 7
A |

1 of _ 6
~ 08 1 ¢ ... .-.. :’ 5
<. LA = 4

L 06 ¢ o Wus 3
S ¢ O g3
04 283 L 2

o Y o..‘ e 0 E
02 I o.' d. O 1>

° °*

0 0

Chl (ug L'1) Chl (ug L'1)

————>

Non — linear function of PAR, temperature, depth and time (details in D’Asaro (2011))

* Not a simple correction, depended on multiple factors
* should be interpolated within the time/space of your experiment, not extrapolated

 Seealso Xing et al. 2016;
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Particulate Organic Carbon & Suspended Particulate Material
proxy

Backscattering and

attenuation are associated

with particle concentration

/ size. 300

1 p B4 D

However !l o 200 a o g ma o
. C 0@ ';%:
Backscattering is also 100 On Yo o ® POCLeg4
highly dependent on (ug) . . . . A POCLeg 5
morphology and type of 0.000 0.200 0.400 0.600 0.800 1.000
the particle
Cp (m)

Carbon density in all

oceanic partides Gardner et al 1993
/phytoplankton is not the

same.
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Particulate Organic Carbon

0.8

V0, NABOS, n=321 o -
Z L]
300 |~ %084 Particulate
—— —— Stramski et al., 2008
g P07 7 Bachetal, 2000 backscattering (b, )
O?E ——— Stramski et al., 1999 bp
o 200
E
O 150
O -
a | S Ty PR @BR e 0 0 —m—
100 i
50
B
0 2 L L 1 ]
0 1 2 3 4 5 6 7 8
bpp (700) (x10-3 m-")
350 -
©  NABOS, n=296 °
300 - %=0.83
————— Gardner et al., 2006, NABE
Beam G 250 — — Bishopetal, 2008,1999 s
€ Marra et al., 1995 ® 4 50
H 200 |- -
attenuation (c, ) g S T
o
Q 150 6} —
—0
g
100
50
. ez 0o s 1 | |
Cetini¢ et al., 2012, JGR - - o~ o5 — P~ — -
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POC/c, slope comparison (mg C m™)

700

Gardner et al., 2006, Fig. 2,
NABQOS, whole dataset

NABOQS8, diatoms

NABOQ8, recycling community
Marra et al., 1995

Stramski et al., 2008,

with upwelling data

Stramski et al., 2008,
upwelling data excluded

Bishop et al., 2004
(simulated Sea Tech)

Bishop et al., 2004
(using C-Rover)
Qubelkheir et al., 2005,
diatoms

Qubelkheir et al., 2005,
Mediteranean

Behrenfeld and Boss, 2006
Linear fit to

. . . . . Gardner et al., 2006
0 02 04 06 08 1 12 _ _95% conf. int.

Maximum cp, (660) (m™1)

600} ‘ ~

200¢ ¢

‘ovaz%qu > OO0 @ ¥

100

Increase in cp & Chl
Smaller to larger cells
Oligotrophic to Eutrophic system
Pico/nano plankton to micro plankton Cetini¢ et al., 2012, JGR
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Suspended Particulate Matter

¢ (LISST) (m™)

P

A log, c =0.83(+0.02)log [SPM]+0.08(:0.03)

10" 10° 10
[SPM] (gm?)

c'.p(C'. Star) (m 1)

b, (FNU)

B log, c =0.81¢:0.01)log [SPM]-0.14(-0.02)
2 10 p 0
107 & ®
r=0.9670.010), n_ =206, rrx—S
RMSE=6.1m' , MPE=23%, .
1 W ¥
10 o
10"
10"
vrovvos Babin et al. 2003
''''' McKee and Cunningham 2006
10 ’ 1 () ' 1 ) 2
10 10 10 10
10°

[r=0.9926-0.002), n, =333, =19
10° FRMSE=10.7 FNU , MPE=12%

10" 10° 10" 10
[SPM] (g m ™)

Particle
apparent density

Particle composition

Nuekermans et al. 2012
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Hill et al. 2011

10’
Maximum SPM (g m™)

10

Suspended Particulate Matter

PdosmoRtVTAPASOR S T AR OCDORREGADRLSDO

This Study

Baker and Lavelle, 1984
Baker and Lavelle, 1984
Bishop, 1999

Bishop, 1999

Bishop, 1999

Boss et al., 2009b
Gardner et al_, 2001
Gardner et al_, 2001
Gardner et al., 2001
Guillen et al,, 2000

Hall et al., 2000

Harris and O'Brien, 1998
Holdaway et al., 1999
Inthorn et al., 2008
Inthorn et al., 2006
Inthorn et al., 2006
Jago and Bull, 2000
Jago and Bull, 2000
Jago and Bull, 2000
Jago and Bull, 2000
Karageorgis et al., 2008
McCave 1983
Peterson, 1977
Peterson, 1877
Peterson, 1977

Pierson and Weyhenmeyer, 1994
Puig et al., 2000
Sherwood et al., 1994
Wells and Kim, 1991
Wells and Kim, 1991
Wells and Kim, 1991
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Why are we seeing opposite trends?
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/
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>
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Phytoplankton

carbon
70 - T . . =
* Cell sorting technique in o =EOE 2 M,
combination with optics 0L  Reneo . |

e Traditionally —
calculation from of

)

imaging/flow cytometry =

based biovolumes and £ 1

cell/C values = |
:

{ -

05 1 1.5 2 1.5 3 1S5 4
1

x10°

Graff et al., 2015

b 470 nm (m 1]
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Dissolved Organic Carbon

CDOM = DOC in the coastal ocean

Acpom(355) (m1)

60

® @
o L0 ,_;,“* &
7 © E e ®
0.5 @ o
o
*-fg ™
=] @
. L . 0.0 = ®
80 100 120 140 160 [N
DOC (uM)
@
®
®
Ci’ October 1999
&(ﬁ MAB+DB
| | “} || || | | || | |

50 100 150 200 250 300 350 400
DOC (uM)

Vecchio and Blough, 2004

CDOM =

025

0.2

°
o

a,(325) (m-)

01

0.05

DOC in the open ocean
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4,000

3,000

B
E
El

2,000
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I s s i |

DOC concentration (pmol kg')

Nelson and Siegel 2013



As Rufus well knows, there's opportunity
in chaos.

OPPORTUNITY IN CHAOS
QUALITY (COMPOSITION)
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Particulate composition — by/c,, by,/b,

0.05

0.045

0.04

0.035

0.03

Sl

P
0.02

0.015

0.01

0.005

0.025-

A

i,=1.02

Case Il, bottom water

/

Ic

5 3 3.5 -
diffsA!tial Junge slope, ¢

1
45

Case |, below 100 m

Case |, Chl maxima

Case ll, co

/

astal waters in complex enviroment

Twardowski et al, 2001
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Particle size — slope based

S T 1 L) T T T Ll T T
45 ]
g 4 :
L
g
- E=p+3
3‘333.5- j ]
n=l¥2 Y. :
3k E=p13-0.5exp(-6) .
e SN
(7] n-1.02
L Y A 16 2

Attenuation spectral stope ()

Boss et al, 2001

0.8
0.7¢
0.6F
0.5¢
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Attenuation Spectral Slope, y

0.3F

0.2

+  OASIS 2007

< OASIS 2000
7=—0.0088 D,,, + 0.8

R™=0.78 NRMSD = 12%

SEDIMENT "
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D [um]

g
!

Backscattering Spectral Slope, v,

+  DASIS 2007
" OASIS 2009

avg [
T T T T

y=—0014D, +0.93 |
R? =0.832 NRMSD = 10%
Monte Carlo +o

Slade & Boss, 2015

29



Application - Particle composition in a
hydrothermal plume

CStar (CTD, down)
CStar (CTD, up)
O ac9 (CTD)
A LISST (ROV)

-4700

~4750+
o
©
4800+
B
p S
o _ L
§ 4850 5

-4900

~4%80 AT A A A A [ L}
1 1 I 1 1 I | | ) )
10™" 10" 107 2 4 6 8 0.5 15 25
c,(650) (m™h PSD slope, & LSSc,(650) (V m)

Estapa et al, 2015



Particle size — fluctuation based

257 7

Application
1t > et i Diatoms i
R phytoplankton g ot : \
/ size prox | \ o\ small
0.5 ' : : ' proxy woaf phytoplankton
0.5 1 _1.5 2 25 <, - - e
109,y D57 (HM) O
Briggs et al, 2013 particle Eq
size proxy n§= T
> ; .
. Q-n
Briggs, PhD
thesis
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Chl F (V)

Phvtoplankton Community composition
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Phytoplakton community composition

I I

= Original spectrum

— Un-smoothed spectrum
Gaussian & NAP functions
= Sum of Gaussian & NAP functions ||

Table 2

Correlations between HPLC pigment concentrations and g, (4;) at ten different pigment absorption wavelengths. Correlation
values are Spearman's rank correlation coefficient (non-parametric; denoted p). A and B are coefficients determined using
Eq. (4) (Section 2.4).

Wavelength (nm) Pigment(s) P A B €median (%)
435 TChla 0.868 0.031 0578 35
617 TChla 0.834 0.003 0.758 36
675 TChla 0.899 0.014 0.798 30
454 0.03(TChl b) + 0.07(Chl ¢) 0.845 0.028 0414 57
469 TChl b 0.783 0.066 0533 52
661 TChl b 0.747 0.018 0.668 40
585 Chlc 0.846 0.014 0.582 53
1 639 Chlc 0.894 0.012 0.641 41
492 PPC 0.606 0.046 0.650 51
523 PSC 0.855 0.013 0.588 49

0 -
410425 450 475 500 525 550 575 600 625 650 675 700 720
Wavelength (nm)

Wavelength (nm)

Phycoerithrin 0.9
proxy distribution " 0.8
67
-
- {06 2
0 105 2
18 W f 10.4 an
, : 03 =
45 S | ¥ & 0.2
0.1

Chase et gk 2013




CDOM slope ~ DOC molecular mass

Ecological succession among

3
2.5+ A
2 4
i 1.5 1
9 Chesapeake Bay
4('_0, 1 Bridge Tunnel
— 0.5 +
()] Great Dismal Swamp
Q 0 . l ,
2 LMW CDOM : HMW CDOM
3
Q s B
O 2 Town Point _
~ 1.5 1
T Chesapeake
0.5 1 Bay Bridge
0 Great Bridge Tunnel

LMW DOC : HMW DOC

Helms et al., 2008

=

Axis 2 (27.10 %)

1.6

iron-oxidizing bacteria

unexplored relationship between

FeOB and organic carbon

Spectral Slope

M {Tomn
T n Fe

Rain

Stalks * padiculates

-1.6 . L

Sheaths
Fe2+

eptothrix spp.

Leptothrix
O ochracea

Q
Sideroxydans

0 Gallionella

zn

-1.6 -0.8 0

Axis 1 (60.06 %)

0.8

Fleming et al. 2014
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As Rufus well knows, there's opportunity
in chaos.

OPPORTUNITY IN CHAOS
FLUXES
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2 4
bpp (x 10° m™)

“noise” == aggregates

Briggs et al, 2011, DSR
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Depth (m)

“noise” == aggregates
Or o — 5 O = 1 T —— 400
100 | 100 | 200
200 0 200
200 ¢ - 200 ¢ : ‘
0'1 g = d f 1:2
400 } S 2 400 1
0.08 x § 0.8
Q
600 | 0.06 £ 600 | 0.6
0.04 0.4
800 } 0.02 800 | 0.2
0 : : 0
100 120 140 160 180
Yearday Yearday

chl fluorescence (mV)

Briggs et al, 2011, DSR



DISSAGREGATION Briggs et al, in prep.

0 .8 ” L Or Peak Chl flux (mg/m?/d)
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“’ @) IE
o 400 - 8?@‘0 0.6 @
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o G < " 2 =0.785
: Lo 1000 - -
1 0 20 40
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l‘ l‘ ; \>
— 400 N | o £ 4uvl
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£ 600 ' B 0573 600 Aggregate
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800 il | -1 3 800¢
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1000 : - -1.5 1000 38
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Optical sediment trap

0.01¢

=
=
-
t

=

July 2013
August 2013
Sept 2013
Oct 2013

March 2014 o

Attenuancne flux (m2 m 2 cl_1}

30
0.01} Pt
0.005¢
Including jumps
0 - 1 1 1 1 1 ]
0 5 10 15 20 25 30

Carbon flux (mg-C m2d ™)

Estapa et al 2013,
Estapa et al, 2017
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Optical sediment trap

G Chlorophyll Fluorescence

Flux proxy (m_1 d")
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Estapa et al., 2013



PRODUCTIVITY/GROWTH

At = day length (11 h)

o a0l
=
O
(@)
£ 35}
S
)
O 30f 0to 10 m
01/00 01/01 01/02

Omand et al, in prep,
(but see Claustre et al 1999, Dall’'Olmo et al 2011)
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PRODUCTIVITY/GROWTH

At = day length (11 h)

@ 40
c A
O
2 a5l APOC
O
Q 30t 0to 10 m
01/00 01/01 01/02
Omand et al, in prep,
0 50 -
L e e e s = s e e T il e O
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PRODUCTIVITY/GROWTH

22 ;
At = day length (11 h) ] $
@ 40 AN Fi1 8 2
i Z106F ’
£ 3 §
O ;%1.5 /
g) 35 APOC %1_4 i Fit using a 2_—parameter hyperbolic
_— 5 function (Baly, 1935)
& % 12
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O 30F = ) — g T
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Few examples of real entities and associated optical
proxies (in situ)
* Quantity

Chlorophyll - Chlorophyll fluorescence, a(676)
Particulate organic carbon —c,, by,
Phytoplankton carbon — b, Chl

Suspended particulate matter -c,, by,

Particulate Inorganic Carbon — acid labile by, (Balch — week 4), cross - polarized
attenuation

Dissolved organic carbon — CDOM absorption, fluorescence
Nitrate, sulfates — UV absorption
Primary productivity — Fv/Fm

* Quality (particulate composition)

Particulate composition — b, /c, b, /b,

Particle size - c,, b,, slopes and “fluctuation”, multiple angle scattering,
multiple angle c,

Phytoplankton composition — Chl, a (A), Chl/C, multiple channel fluorescence
DOC type — CDOM fluorescence and slope



Few examples of real entities and
associated optical proxies (in situ)

* Change in these quantities will tell us
something about fluxes

— Fluxes— movement of a quantity from one pool to
another

e Space - e.g. carbon export from mixed layer to deeper
ocean

* Time — productivity - e.g. primary production
* Type — e.g. phytoplankton to detritus, POC to DOC



PROXIES WORK UNTIL THEY DON’T (MJP)

1. Validate — make sure your proxies are based
on strong and meaningful relationship with
biogeochemical parameters

2. Interpolate rather than extrapolate — know
the limits of your method, spatial, temporal
and logical

3. Same as Rufus the dog, seize the variability
and chaos (but remember 1 and 2)



