Ultrafiltration high molecular weight DOM (HMWDOM)
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Spectral and chemical analyses of HMWDOC
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50-70% of HMWDOC

Acid hydrolysis followed by
Monosaccharide analyses
13
CNMR yields 7 major neutral sugars
that represent 5-10% of surface water DOM
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NMR and carbohydrate analyses of deep sea HMWDOC
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Bomb 14C

Cosmogenic 14C production
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Factors controlling *Cin . .
atmospheric and oceanic 14C half-life is 5730 years
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DOC cycling via DO14C

Williams, Oeschger, and Kinney; Nature v224 (1969)

Matural Radiocarbon Activity of the
Dissolved Organic Carbon in the

Morth-east Pacific Ocean

TEE “age” of the dissolved organic matter i the desp sea
relative to its origin in the euphotie zone has been a
matter of conjecture for some timel-?. Photosynthetic
fixation of carbop dioxide into plant carbon by phiyto-
Pl.l:lnkl:.nn Aancl ‘UIJHHI'.IIJI.'.II... biccheisical uaidstion or soluakdl-
ation of organic carbon takes place primacly in the
upper 0-300 m of the sea. A small, a8 y#& unknown,
fraction of this orgenie carbon 18 transferred into the deep
water by phywical proeesses soch aa turbulent mixing
and sinking of surface water at high latitudes. Tnaddition.
particulate organie carbon which sinks frem the surface
may be converted nto dessolved organie matier at depih.
In order to determine how *old™ this dissslved organic
earbon iz, its matural radiocarbon activity has been
memsured for two deep-water samples taken off southor
Californis.

The dissolved organic carbon woe convorted to enrbon
dioxids {and subsoquently to methane for radiocorbon
counting) by photo-oxidation with high snergy ultraviolet
radiationt (Fig. 1), Beawater was collected with o 100 1.
stainless gieal gampler and stored in 200 1. pre-leached ateel
drumg lined with polythens (no increase in organic carbon
was detected during the siorage perind before analysis).
Pre-filuration to remove particalate organic matber was
noti necessary beomuss ite concentration was less than
G pgfl. The soownter was acidified to pH 2 with hvdro-
chloric acid, sparged free of inorganic carbon (9997 per
cent) with oxygen gas end irradisted in 60 1. batehes for
20 h. Luln%a. 1,200 W meroury-are lamp (Hanovia Engel-
hardt ‘188 A"). The carbon dioxide ao formed was
sparged from tho seawster with oxygen gis and teapped
in strontium hydroxide ss strontivum carbonata. Come
plete oxidation wis ascertained by eomparison of the
earbon dioxida in the irradinted seawater (detected by &
Beciman model 16 infrared anslyeer) with the amount of
carbom dinxide resulting from the wet combustion of the
organio corbon in the seawater before oxidation*®. Thae
strontium carbonate wes colleated by filieation, washed

with water in & nitrogen atmosphere and then dried
i voeto,

UV photooxidation
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Depth A14C(%o) Age

1880m -351 %o -3470+330 ybp

1920m -341 %o -3350+300 ybp
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Radiocarbon in the Atlantic and Pacific Oceans
Peter M. Williams and Ellen Druffel: Nature 1987, JGR 1992
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Pacitic Ocean DIC

DIC 14C in surface waters
of the Atlantic and Pacific
has the same isotopic value.

DOC is always older than DIC
(by 4 kyrs in surface water)

Deep ocean values of DOC
are equal to a radiocarbon
age of 4000-5000 yrs

Either there is a source of
“old” DOC, or DOC persists
for several ocean mixing
cycles



* Very difficult to directly measure the flux of
carbon from primary producers into the
microbial loop.

— The microbial loop is mostly run on labile
(recently produced organic matter) - - very low
concentrations (nM) turning over rapidly
against a high background pool (uM).

— Unclear exactly which types of organic
compounds support bacterial growth.



Bacterial Production

*Bacterial production (BP) is the rate that bacterial
biomass is produced. It is the net movement of
organic matter from a nonliving pool (DOM) to a
living pool (bacterial biomass).

Mathematically Heterotrophic
bacteria
P=uB
u = specific growth rate (time-1)
B = bacterial biomass (mg C L-1)
P= bacterial production (mg C L-1d-1)

*Note that up = P/B Dissolved

organic

*Thus, P has units of mg C L-1d-1
matter

Bacterial production provides one
measurement of carbon flow into the
microbial loop



Production
(A biomass/time)
(mg CL1dY)

e 3H-thymidine
e 3H or 4C-leucine

Note: these are NOT direct measures of biomass production (i.e. carbon)



Bacterial Production —
Advantages and Disadvantages of selected methods

Thymidine nucleoside of thymine; 0
DNA precursor (see Fuhrman and HC KNH
Azam 1980). Measures DNA | )\ .
production rates. vo__ ~, Thymidine
Pros: specific to heterotrophic T o
bacteria N—7v/
—Cons: difficult to measure OH  H
intracellular dilution, undergoes Thymidine
catabolism

Leucine- amino acid; incorporated
into protein (see Kirchman et al.

1992). Measures Protein production COOH
rates. HN"—C—H

—Pros: more sensitive than CH, Leucine
thymidine (intracellular CH

protein>>DNA) e Nen

—Cons: some cyanobacteria can ks i

utilize; difficult to measure isotope
dilution.



Measuring Bacterial Production
{\ Concentrate plankton
or nucleic acids

3H-thymidine or
SW +
isotope

Incubate at in situ
temperature,
Whole SW typically in the dark
(if interested in
heterotrophic

production) Extract DNA and
W protein.
isotope Count radioactivity

and convert to rate
of production
(ng CL1d1)




Vertical Profiles of Bacterial Production
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Phytoplankton and bacterial biomass, production

and growth in various ocean ecosystems

Location Bact. Phyto. BactB: BactP 1° Pro 1° Pro: BactP: | 1° Pro:
Biomass | Biomass | PhytoB (mg C (mgC PhytoB BactB BactP
mgC | mgc m2d1) | m2d? (d?) (d?)
m-2) m-2)
SarSQaSSO 659 573 1.2 70 465 0.8 0.1 0.15
ea
North 500 4500 0.1 275 1083 0.2 0.6 0.25
Atlantic
Bloom
Sul\tl)artc;]tic 571 447 1.2 56 629 1.4 0.1 | 0.09
or
Pacific
Station 750 447 1.7 106 486 1.1 0.1 | 0.22
ALOHA
Afgbian 124 1248 0.6 257 1165 0.9 0.4 0.22
ea
Average 641 1443 1.0 153 766 0.9 0.3 0.19
Stg(‘/d((j‘)” 105 | 1741 | 06 105 334 04 | 02 | 007
16 121 65 69 44 48 79 35




Bact

erial biomass, growth and

production in the oceans
Bacterial bitomass is typically 50-100% of

phytopl

ankton biomass. In oligotrophic

ecosystems, bacterial biomass can exceed

phytopl

ankton biomass.

Bacterial production typically ranges ~10-

30% of

orimary production.

Bacterial growth rates range 0.1 to 0.5 d-1

(equiva
days).

ent to doubling times of ~1to 7

Top down pressures control biomass,

bottom

up factors control growth.



Quantifying fluxes of carbon/nutrients
through bacteria also requires knowledge of
bacterial respiration

CO,, NH,*,PO,*

DOM

Bacterial
. © , Blomass Regeneration

of nutrients

Available to

BP ~10-30% PPD
@tmphi@ food web




