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Biogeography: Who lives where?




| WHO LIVES WHERE?
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WHO LIVES WHERE?

SCIAMACHY DOAS-Fit of cyanobacteria absorption
15. October 2005 - 14. November 2005
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BIOGEOGRAPHY FROM SPACE:
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' N-\odé.i}ng ph)}tc;plarn-ktoh traifs,trade;of}s and biogegéra;hy

Biogeography: Who lives where?
*Why do they live there?

' *What traits are important?

Model dominant type biogeography
Movie credit: Oliver Jahn, MIT





Modeling phytoplankton traits,trade-offs and biogeography

*Biogeography: Who lives where?
*Why do they live there?

*What traits are important?

Model needs "trait"
information, but also
can help us explore

the importance of traits




Modeling phytoplankton traits,trade-offs and biogeography
*What traits are important? (Are all traits created equally?)

OUTLINE OF REST OF TALK:

Model “functional” biogeography

-Introduction to Prochlorococcus green/blue: picoplanicon;

red/yellow: large

-Introduction to model framework Movie credit: Oliver Jahn, MIT

-Series of experiments
exploring different traits
individually

-Some speculation




| WHO = PROCHLOROCOCCUS

|

Prochlorococcus

e cyanabacterium

 one of the most abundant (in terms of cells)
Photo credits:

* "model" organism = well studied Partensky Lab
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PROCHLOROCOCCUS LIVE WHERE?
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Johnson et al,
Science, 2007
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PROCHLOROCOCCUS LIVE WHERE?

—— -

AMT13: Prochlorococcus (log cell/ml)

« Johnson et al,
» Science, 2007
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PROCHLOROcCOCCUS LIVE WHERE?

AMT13: Prochlorococcus (log cell/ml)

BIOGEOGRAPHY:

foman Jeta Wiew
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Johnson et al,

Science, 2007
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biogeography
constructed by
statistically
from SST, PAR,
nutrients
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e Low latitudes
» Warm waters
e Low nitrate




PROCHLOROCOCCUS TRAITS:  SMALL

TRAITS
e small

Synechocchs Prochlorococcus

| 4

Photo credits:
Partensky Lab

Epifluoresence
microscopy:
Frank Jochem
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| PROCHLOROCOCCUS TRAITS:  PIGMENTS

TRAITS
e small
* unique pigments
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| PROCHLOROCOCCUS TRAITS:  NITROGEN AQUISITION

Nitrogen acquisition genes
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* small
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| PROCHLOROCOCCUS TRAITS:  WARM

temperature
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TRAITS

* small

* unique pigments
* N acquisition

e warm adapted




WHICH TRAITS LEAD TO PROCHLOROCOCCUS BIOGEOGRAPHY?

Use a numerical model as laboratory
to explore which/how many traits
important to explain biogeography

Prochlorococcus

—
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TRAITS

e small

* unique pigments
* N acquisition

« warm adapted

BIOGEOGRAPHY:

e Low latitudes
« Warm waters
e Low nitrate




WHICH TRAITS LEAD TO PROCHLOROCOCCUS BIOGEOGRAPHY? °

Model description:

*3D model circulation (ECCO-GODAE)
*Radiative transfer model, spectral light
Cycling of N,P,C,SiFe,O

‘DOM, POM

«Zooplankton grazers

*Phytoplankton types assigned "traits"” O\

generic phytoplankton,
traits added as needed
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HOW DOES SIZE IMPACT PROCHLOROCOCCUS BLOGEOGRAPHY?
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| HOW DOES SIZE IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY? gy

resources limited growth R resource (nutrient, N,FeP, Si)
= P phytoplankton biomass
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| HOW DOES SIZE IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY? gy

; .
resources limited growth R resource (nutrient, N,FeP, Si)
= P phytoplankton biomass

—P
Hm R+ K
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Litchman et al,
small leads to lower K, Ecol Let. , 2007

(see e.g. Aksnes and Egge, MEPS 1991)
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| HOW DOES SIZE IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY? gy

resources limited growth R resource (nutrient, N,FeP, Si)
| = P phytoplankton biomass
t
| /um P
R+ K
n
r-strategy (opportunist),
grow fast, but require high
nutrients
£ K-strategy (gleaner), grow
% . slowly, but grow better at
. 2 low nutrients
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resource
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| HOW DOES SIZE IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY? gy

rate change= growth-loss R resource (nutrient, N,Fep, Si)
dp R P phytoplankton biomass

— = P-MP M (Z,w, m) ina. sinki
dt M, R+ X loss (grazing, sinking,etc)

r-strategy (opportunist),
grow fast, but require high
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K-strategy (gleaner), grow
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| HOW DOES SIZE IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY? gy

;
rate Change: QI"OWTh-IOSS R resource (nutrient, N,Fe P, Si)
d R P phytoplankton biomass

; 0 It = Hn R+ K, P—-MP M(Z,w,m) |oss (grazing, sinking,etc)

A

'STEADY STATE:

Ky M
/um_M

u
phytoplankton with

f lowest R* favoured
Resource resource

Competition Theory
| (Tilman,1977)

growth rate
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| HOW DOES SIZE IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY? gy

;
rate change= growth-loss R resource (nutrient, N.Fe P, i)
d R P phytoplankton biomass

; 0 It = Hn R+ K, P—-MP M(Z,w,m) |oss (grazing, sinking,etc)

A

'STEADY STATE:

Him
Ky M

:um_M

_,um

If R* <R*, gleaner wins in
steady state conditions

u
phytoplankton with

' lowest R* favoured
Resource resource

Competition Theory
| (Tilman,1977)

growth rate
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‘ HOW DOES SIZE IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY? @y ‘
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HOW DOES SIZE IMPACT PROCHLOROcCOCCUS BIOGEOGRAPHY? °

/ Opportunist
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HOW DOES SIZE IMPACT PROCHLOROcCOCCUS BIOGEOGRAPHY? 0

<R*

stable environment important

IoglOm-z Range of mixed layer depth (m)
' ﬂ; - 500
400
300
200

100

4]

opportunists

(see e.g. Dutkiewicz et al, GBC, 2009)
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| HOW DOES SIZE IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY? @y |

2 —

. | / Opportunist
| Pro

7
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%)

R*<R*

growth rate (1/d)

PO, (mmol/m

Having lowest R* (consequence of their size)
is an advantage for Prochlorococcus in the
stable environments:

Here they draw down nutrients and

lopportunists  Outcompete others
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PROCHLOROCOCCUS TRAITS:  PIGMENTS
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| HOW DO PIGMENTS IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY?

Prochlorrococcus TRAITS

"mean” phytoplankton *small
* unique pigments

* N acquisition
« warm adapted
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‘ HOW DO PIGMENTS IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY? _}‘._‘

|
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500 600 700
wavelength (nm)
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HOW DO PIGMENTS IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY? °

Pro
other

S8 &

photosyn absorb (m%/mg Chl)

500 600
wavelength (nm) Iog10
mmolC m3

0 Prochlorococcus-analog

| udl

mean spectra

logl0
Prochlorococcus-analog mmolc m2
>

mean sp

I|Ii|- Stephanie Dutkiewicz
st et ot e http://ocean.mit.edu/~stephd




| HOW DO PIGMENTS IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY?

Igrochlorococcus-analo
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| HOW DO PIGMENTS IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY?
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| HOW DO PIGMENTS IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY?

Igrochlorococcus-analo
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| HOW DO PIGMENTS IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY? 6 ,

= 003

Prol

' other
0.015 E
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wavelength (nm)

S B

photosyn absorb (m®/mg C
(=]
o &

Absorbing best in blue light is advantageous
(or least disadvantagous) in the most
oligotrophic regions where organic matter is
low.

(see e.g. Sathyendranath+Platt, 2007;
Hickman et al, MEPS, 2010)
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| HOW DO SIZE AND PIGMENTS IMPACT BIOGEOGRAPHY?
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HOW DO SIZE AND PIGMENTS IMPACT BIOGEOGRAPHY?
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PROCHLOROCOCCUS TRAITS:  PIGMENTS
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PROCHLOROCOCCUS TRAITS:  PIGMENTS
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| HOW DO PIGMENTS IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY?

Hess et al, PR, 2001
& MITS313
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TRAITS
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| HOW DO SIZE AND PIGMENTS IMPACT BIOGEOGRAPHY?
%%54 (mm0|/,?]31) wsg\?elength (E);\Org)

—_
(%

growth rate (1/d)

ot
tn

photosyn absorb (m?/mg Chl)
[=] (=] (=]
o 2 o & g ©
[=] [=] - [=] %) (=]
(4] - o N (5] %]

o
(=]

I|Ii|- Stephanie Dutkiewicz
pesscsessinatite otenel http://ocean.mit.edu/~stephd




| HOW DO SIZE AND PIGMENTS IMPACT BIOGEOGRAPHY?
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HOW DO SIZE AND PIGMENTS IMPACT BIOGEOGRAPHY?
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HOW DO PIGMENTS IMPACT BIOGEOGRAPHY?
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HOW DO PIGMENTS IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY? °

§

Absorbing best in blue light
is advantageous (least
disadvantageous) in the most

oligotrophic regions where /\OTMI'J\

organic matter is low. ot

§

g

photosyn absorb (m%/mg Chl)
(=]
o &

Trade of f between absorbing

better, but inhibition leads to
separate biogeography of
clades.

Growth Rate (day”)
o [=]

0.005
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0
400

(see e.g. Hickman et al, MEPS, 2010
Sathyendranath+Platt, 2007)
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PROCHLOROCOCCUS TRAITS:  NITROGEN AQUISITION
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| PROCHLOROCOCCUS TRAITS:  NITROGEN AQUISITION

Nitrogen acquisition genes
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| HOW DO SIZE, PIGMENTS, N AQUISITION IMPACT BIOGEOGRAPHYE |
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HOW DO SIZE, PIGMENTS, N AQUISITION IMPACT BIOGEOGRAPHY°
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HOW DO SIZE, PIGMENTS, N AQUISITION IMPACT BIOGEOGRAPHY°
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HOW DO N ACQUISITION IMPACT BIOGEOGRAPHY?

&

@ Not being able to assimilation NO; (or NO,)
is not "advantage” unless it is a trade-off:

But it is least disadvantageous in the highly
oligotrophic stable environments

no NOZ/NO3

(see e.g. Bragg et al, PlosOne, 2010)
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HOW DOES TEMPERATURE IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY?
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| HOW DOES TEMPERATURE IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY? |
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| HOW DOES TEMPERATURE IMPACT PROCHLOROCOCCUS BLOGEOGRAPHY? |
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HOW DO TEMPERTAURE IMPACT BIOGEOGRAPHY?
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HOW DOES TEMPERATURE IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY?
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[ Increasing temperature optimum
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| HOW DOES TEMPERATURE IMPACT PROCHLOROCOCCUS BIOGEOGRAPHY? |
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Only warm water adapted clades survive
since no stable, low nutrient, cold regions.

(see e.g. Follows et al, Science, 2010) |
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Modeling phytoplankton traits,
trade-offs and biogeography

Biogeography: Where do Prochlorococcus live?

Why do they live there?

What traits are important for setting the biogeography?
(are all traits created equal?)




WHICH TRAITS LEAD TO DIAZOTROPH BIOGEOGRAPHY?
no NO5/NO; no NO,/NO;

D))

Size: Pigment: Size: N aquisition:  wWarm adapted:
lowest R*  bluest waters oy o5t R least problem  hiogeo area is
and grazing in biogeo area  warm
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| WHICH TRAITS IMPORANT?  SPECULATION

"First Order” trait: |
Size - best competitor for resources in stable environment

How to reduce size?

Loss of genes for least needed "traits”
- additional pigment
- NO3 assimilation
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WHICH TRAITS IMPORANT?

How many traits are needed to explain biogeography?
Which/How many are “first order” traits?
- different for different functional groups?
(e.g. diazotrophs: Dutkiewicz et al 2012)

Are some traits consequence of optimizing another trait?

Though “important”, which traits just follow from
first order?
- care need when correlating "traits”
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Modeling phytoplankton traits,
trade-offs and biogeography

Other "traits and trade-offs" being explored in this model
framework:

- Other pigments combinations
(see e.g. Hickman et al, MEPS 2010; Hickman poster)

- N2 fiXC(TiOH (see e.g. Dutkiewicz et al, GBC, 2012; Ward et al., L+O in press)

- Size and grazing pressure
(see e.g. Ward et al, L+O 2012; Ward et al, JP, in revision)

-Trade off for calcification (Fanny Monteiro)

- Zooplankton traits (Fi Prowe)
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