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Life determines ocean chemistry and responds to it.

It IS not possible to understand the composition of seawater
(or marine sediments) without understanding life processes.
Organic matter in the ocean Is produced by photosynthesis
(and chemosynthesis to a lesser extend) and destructed by
respiration. Much of this material is covered in biological
oceanography but there Is also a chemical oceanography
perspective. The topic is important for three key reasons:

1. One cannot understand the chemistry of the oceans
without considering biological influences.

2. To understand the limits on biological production in the
oceans, we need to understand the underlying chemical
constraints [macro (e.g.N,P) and micro (e.g. Fe,Zn) nutrients].
3. The balance between ocean productivity and respiration is
called export production. It is referred as the biological pump
and it is the flux of biologically produced organic carbon
from the surface ocean to the deep ocean. This biological
pump is a primary control on atmospheric CO..



1,750,000
World species

Distribution of species on Earth. Of the
1,750,000 known species on Earth, 86% inhabit land
environments and 14% inhabit the ocean. Of the 250,000
known marine species, 98% inhabit the benthic environment
and live in or on the ocean floor, while only 2% inhabit the

pelagic environment and live within the water column as
zither plankton or nektor
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Dominant Forms of Marine Phytoplankton

TYPE AND
CHARACTERISTICS

LOCATION

COLOR AND
APPEARANCE

METHOD OF
REPRODUCTION

Diatoms:
silica and pectin
“pillbox™ cell wall,
sculptured designs;
of major importance
for coastal ocean
productivity; has floating
and attached forms

Dinoflagellates:
next to diatoms in
productivity; many
heterotrophic, injest
particulate food; some
have cellulose “armor”;
very small open-ocean
species are naked

Coccolithophores:
covered with calcareous
plates, embedded in
gelatinous sheath;
important source of food
for filter-feeding
animals

Silicoflagellates:
very small, have
silica skeleton; some
heterotrophic forms

Blue-Green Algae:
small, relatively simple
cell structure; cell
wall of chitin

Everywhere in surface
ocean, especially in colder
waters, upwelling areas,
even in polar ice; some
heterotrophic below
photic zone; some form
“resting spore”” under
adverse conditions

In all seas, and below
photic zone; some
parasitic; warm-water
species very diverse;
some have resting stage
for protection; sometimes
abundant in coastal
areas as ‘‘red tide”

(see Chap. 12)

Mainly in open seas,
tropical and semitropical;
sometimes proliferates
near coasts; some
heterotrophic forms at
depths to 3000 meters

Widespread in colder seas
worldwide, especially in
upwelling areas

Mainly inshore, warmer
surface waters, tropics

Size: 0.09=0.2 mm
Yellow-green or brownish;
single cells or chains

of cells; radial or

bilateral symmetry; many
have spines or other
flotation devices

Size: 0.005-0.1 mm
Usually brownish,
one-celled; have 2
whiplike flagellae for
locomotion; many are
luminescent

Size: 0.005-0.05 mm
Many flagellated; often
round or oval single
cells; when present in
great numbers they give
the water a milky
appearance

Size: about 0.05 mm
Single-celled, 1 or 2
flagellae; starlike or
meshlike skeleton

Size: filaments to 0.1 mm
or more

Blue-green or red rafts
of mottled filaments;

can cause a colored
“bloom” in the water

Division, splitting of
nuclear material; average
reduction of one cell-wall
thickness at each division
(Fig. 13-1); when limiting

size is reached cell contents

escape, form new cell

Simple, longitudinal, or
oblique divisions; daughter
cells achieve size of parent
before dividing

Some individuals form
cysts, from which spores
arise to develop into new
individuals

Simple cell division

Simple division of each
cell into two




Microscopic algae. (a) Peanut-shaped diatom Diploneis (length = 50 microns, or
).002 inch). (b) Coccolithophore Emiliania huxleyi. showing disk-shaped calcium carbonate
CaCO;) plates—called coccoliths—that cover the organism (bar scale = 1 micron. or 0.00004
nch). (¢) Dinoflagellate Protoperidinium divergnes (length = 70 microns, or \
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Photosynthesis (top), respiration (middle), and representative reactions viewed

chemically (bottom).
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North polar

Comparison of productivity in
tropical, temperate, and polar oceans
(Northern Hemisphere). Scasonal variations
in phytoplankton biomass, where the total area
under each curve represents annual
photosynthetic productivity.
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The Redfield - Ketchum - Richards or "RKR" Equation

The data for the elemental composition of plankton were assembled to construct an equation to
represent average photosynthesis and respiration. The elemental ratio in plankton is called the Redfield
Ratio, after Alfred Redfield of Woods Hole. The mean elemental ratio of marine organic particles is
thought to be highly conserved (Falkowski et al, 1998) and 1s given as:
P:N:C=1:16:106
The RKR equation written for the average ocean photosynthesis and aerobic (O;) respiration 1s written a:
106 CO; + 16 HNO; + H;PO4 + 122 H,O + trace elements (e.g. Fe) and vitamins
light (hv) ¥
(C106H2630110N16 P) + 138 O;
or
(CH20)10s (NH3)16 (H3POs) + 138 O3

The actual chemical species assimilated during this reaction are:
HCOs NO; . NO,, NH, /NH; PO,

This 1s an organic oxidation-reduction reaction — during photosynthesis, C and N are reduced and O 1s
oxidized. During respiration. the reverse occurs. There are no changes in the oxidation state of P.

Photosynthesis is endothermic. This means is requires energy from an outside source. In this case the
energy source is the sun. Essentially plants convert the photo energy from the sun into high-energy C-C
bonds. This 1s a non-equilibrium reaction whose slow kinetics are enzymatically facilitated.




Element Availability versus Plankton Demand:

1. Both N and P are in short supply (limiting) relative to plankton needs.

2. Inorganic C is present in seawater in ten times excess of that needed for photosynthetic
use of all available N and P.

3. O;-saturated seawater contains only a slight excess of oxygen versus the amount
required to respire all the organic matter that can be photosynthesized from the available

N and P.

4. Biogenic tests (“hard body parts™) also have global average compositions.
5. Si11s llmiting for diatom production.

Bioactive | mg atom*® | Availability | Use Availability
Element m” Ratio (to P) | Ratio~ Use
P 2.3 1 1 1
N 34.5 15 16 0.94
C 2340 1017 106 9.6
0;* 367 160 138 1.16

*for average (deep) seawater, S = 35 ppt and O, saturated.

“RKR plankton values.

* oxygen requirement for total respiration of RKR plankton.



NET PRIMARY PRODUCTION - NPP

The total (marine plus terrestrial) global annual net primary production (NPP) has recently been
estimated to be 104.9 Gt of C per vear (Field et al., 1998), with similar contributions from the
terrestrial (56.4 Gt, 53.8%) and oceanic (48.5 Gt, 46.2 o) regimes. NPP 1s defined as the amount of
photosynthetically fixed carbon available to the first heterotrophic level in an ecosystem. It can be
expressed as the difference between autotrophic photosynthesis and respiration. This estimate was

Even though the total amounts are about equal. the amounts pel area are greater on land than in the
ocean. Average NPP on non-ice covered land is 426 ¢ C m™ yr'' while in the ocean it is 140 g C m™ yr’’
The lower NPP per unit area of the ocean largely results from competition for light between
phytoplankton and their strongly absorbing medium, seawater. Only about 7% of the incident radiation
as photosynthetically active radiation (PAR) is absorbed by the phytoplankton, with the remainder
absorbed by water and dissolved organic matter. In contrast, terrestrial plants absorb about 31% of the
PAR incident on land. Even though primary producers in the ocean are responsible for nearly half the
total NPP, they represent only 0.2% of the global producer biomass. Thus, the turnover time of plant
organic carbon in the ocean (average 2 to 6 days) 1s about a thousand times faster than on land.




Chemosynthesis Hydrogen Sulfide + Water + Carbondioxide + OXygen =1 Sugar + Sulfuric acid

Representative Chemosynthesis

reaction, viewed — CgH1206

chemically

R T
a hydrothermal vent
community. Schematic view of a
hydrothermal vent area, showing

. lava pillows and a black smoker
that spews hot (350°C, or 662°F),
sulfide-rich water from a
chimney. Organisms

(counterclockwise from Alvin)
include the grenadier fish (or
B rattail fish), octacoras, a sea
i anemone, white brachyuran
crabs, large clams
(Calypotogena), and tube worms
(Riftia).
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ZOOPLANKTON

S M\
Zooplankton: (a) Fish egg (1 mm, or
0.04 in.). (b) Fish larva (5 cm.or 2
in.). (¢) Radiolaria (0.5 mm, or
0.02 in.). (d)Foraminifer (1 mm. or
0.04 in.). (e) Jellyfish (30 cm. or 12
in.). (f) Arrowworms (3cm.or 1.2
—= in.). (g) and (h) Copepods (5 mm. or

N 0.2 1n.). (i) Salp (10 cm, or 4 in.).
~~ (j) Doliolum (10 cm. or 4 in.).
(k) Siphonophore (30 cm. or 12 in.).
(1) Worm larva (1 mm. or 0.04 in.).
(m) Fish larva (S cm or 2 in )
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Copepods (kope = oar, pod = a foot) are micr
scopic shrimp-like animals of the subphylum Crustace
which also includes shrimps. crabs, and lobsters. Li
other crustaceans, copepods have a hard exoskelet

(exo = outside) and a segmented body with jointed le
(Figure 14-5). Copepods probably represent the majo
ity of the ocean’s zooplankton biomass and are an i
portant link in many marine food webs. They ha

special adaptations for filtering their tiny floating fo
from seawater.

Line drawings of various copepods (shown many times their actual size)
from Wilhelm Giesbrecht’s 1892 book on the flora and fauna of the Gulf of Naples. (a) The adult

female Sapphirina auronitens carries a pair of lobe-like egg sacks. (b) Copulating pair of Oncaea
conifera. (¢) Calocalanus pavo showing elaborate feathery appendages that are characteristic of

warm-water species. (d) Copilia vitrea uses its appendages to cling to large particles in the water
column or to larger zooplankton.




Foraminifers.
Photomicrograph of various
species of foraminifers, the
largest of which is 1 millimeter
(0.04 inch) long. These pelagic
foraminifers were collected from
the Ontong Java Plateau in the
western Pacific Ocean.

Foraminifers (foramen = an opening) are micro-
scopic to (barely) macroscopic single-celled animals
While the most abundant types of foraminifers are
planktonic, the most diverse (in terms of number ol
species) are benthic. Foraminifers produce a hard tesi
made of calcium carbonate that is seg
mented or chambered with a prominent opening in oné
end. The tests of both radiolarians and foraminifers ar¢
common components of deep-sea sediment.



Radiolarians.
Scanning electron micrographs
of various radiolarians.
(a) Euphysetta elegans (magnifie
280 times). (b) Anthocyrtidium
ophirense (magnified 230 times).
(¢) Larcospira quadrangula
(magnified 190 times).
(d) Heliodiscus asteriscus
(magnified 200 times).

(a) Euphysetta elegans, x280

Radiolarians (radio = a spoke or ray) are single=
celled, microscopic organisms that build their hard
(d) Heliodiscus asteriscus, x200 shells (tests) out of silica (Figure 14-3). Their tests have
intricate ornamentation including long projections. Al-
though the spikes and spines appear to be a defense
mechanism against predators, they increase the test’
surface area so the organism won't sink through thq‘
water column. ‘

(c) Larcospira quadrangula, x190
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Xpnuoatodotnon

* To mopov ekmaldeuTLKO UALKO EXeL avamtuxBel oto mAaiolo Tou
eKTIALOEVUTLIKOU €pyou Tou dtddokovTta.

* To £pyo «Avoiktd Akadnpaika Madnipata oto Maveniotipo ABnvwv»

EXeL Xpnuatodotioel povo tnv avadlapopdwaon Tou eKTTOLOEUTIKOU
UALKOU.

* To €pyo uhomoleital oto mAaiolo tou Emixelpnotakou MpoypAppatog
«Ekmaidsvon kot Ala Biou Madnon» kat cuyxpnuatodoteital ano tnv

Evpwraikn Evwon (Eupwmaiko Kowvwviko Tapeio) kol amo €Bvikoug
TTOPOUC.

ENIXEIPHEIAKO MPOrPAMMA
iy EKMAIAEYZH KAI AIA BIOY MAGHZH EZ"A

* *
* *
* *

J
2 ' . d
ERLEVOVON TTNY UOVWVId TNE YVWON,
it EE
YNOYPTEIO MAIAEIAXL KAl OPHEKEYMATAQON IATKO KOINQNIKO TAMEIO

EvpwnaikiiEvwon E!AIKH YMHPEZIIA AIAXEIPIZIHE
Evpwmaiké Koivwviké Tapeio . A
Me tn cuyxpnpatodotnon g EAAGSag kat tng Evpwmaikig Evwong
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>NUElwpa lotoplkovu Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0.

‘Exouv tponynOel oL kKatwOL ekbOOELC:

‘Exboon SaBeoun edbw http://eclass.uoa.gr/courses/CHEM162/
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>NUElwpo Avadopag

Copyright EBvikov kat Kamodiotplakov Mavernotiuov ABnvwy, MuxanA
2KOUAAOC, EppavounA Aaocevakng 2015. MuxanA 2koUAAoG, EppovounA

Aoocevaknc. «Xnuikn Qkeavoypadia. Evotnta 1: Oaldocoia {wn (A" pEpocg)».

‘Exboon: 1.0. ABriva 2015. AwaBeoipo amo tn diktuakn dtevBuvon:
http://opencourses.uoa.gr/courses/NOC83/
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>NUelwpa Adelodotnonc

To apov LALKO SlatiBetal e toug 0poug tneg adestac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopowa Atavopn 4.0 [1] A petayevéotepn, AleBvic
‘Ekboon. E&atpolvtal ta autoTeAn £€pya Tpitwy m.X. pwtoypadiec, dStaypappata
K.A.TT., TOL OTIOLOL EUTTEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall Pe Toug
OPOUC XPrONG TOUC OTO «Xnuelwpa Xpnonc Epywv Tpitwv».

[@ocel

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopikn opiletal n xpnon:

* 1ou bev meplAapPavel AUECO 1} EUUECO OLKOVOULKO 0dEAOC ard TNV XpRon Tou €pyou, yLa
To SlovopEa Tou €pyou kot adelodoxo

* 1ou 6ev meplAapPaveLl olkovoLKr) cuvaAlayn we polnoBeon yla tn xpnon n npooBacn
OTO £pyO

* Tou bev nmpoomopilel oto SLavopEa Tou £pyou Kal adelodOX0 EUUETO OLKOVOULKO ODEAOC
(rt.x. Stadpnpuioelg) amo tnv npoBoAn tou Epyou o€ SLadIKTUAKO TOTO

O dwkatouxoc¢ pmopel va mapexel otov adelodoxo Eexwplotn adela va XpnoLUOTIOLEL TO £€pYyO yLa
TIopLKA xpron, epocov autod tou {ntnbeL.

P
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Alatpnon ZNUELWHATWVY

Ornoladnmnote avamapoywyn N SLooKeun Tou UALKOU Ba TtpeETmeL
va cupmeplAapBavet:

" 10 2nueilwpoa Avadopadc

" 10 2Znueilwpo Adelodotnong

= N 6nAwon Alathpnong ZNUELWUATWY

= 10 2Znueilwpa Xpriong Epywv Tpitwv (epooov umtdpyel)

noll e touc ouvodEVOUEVOUC UTIEPOUVOEGOUC.

¢ Oohacola Lwn (A" uépog)
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>nueilwpo Xpnonc Epywv Tplitwv (1/5)

To Epyo aUTO KAVEL Xprjon Twv aKOAouBwv £pywv:
Ewkoveg/Zxnuata/Awaypappato/Pwtoypodieg
Ewkova 1: Pearson Prentice Hall, 2008, Inc. Copyrighted.
Ewkova 2: The epipelagic zone diagram. Copyrighted.
Ewkovec 3-4: Microscopic algae. Copyrighted.

Ewkova 5: Copyrighted.

Ewkova 6: Copyrighted.

Ewkova 7: Electromagnetic spectrum of sunlight. Copyrighted.
http://www.marinebiology.org/images/electrospectruminwater.jpg

Ewkova 8: MetaBoAn Tou puBuou dwtoocuvBeonc pe to Baboc os mapaKkTLa vePA.
Copyrighted.
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>nueiwpo Xpnonc Epywv Tplitwv (2/5)

Ewkova 9: Chlorophyll. Copyrighted.
http://www.sciencebuddies.org/Files/2176/3/Chem img012.gif

Ewkova 10: Copyrighted. http://www.alanrevista.org/ediciones/2004-
2/images/19/imagel.gif

Ewkova 11: 2tadla pwrtoouvBeonc. Copyrighted.
http://angelmontiell.weebly.com/uploads/1/6/8/0/16802592/547913 orig.jpg

Ewkova 12: Comparison of productivity in tropical , temperate and polar oceans.
Copyrighted.
https://classconnection.s3.amazonaws.com/512/flashcards/1523512/png/phytopl
anktonbloom-13E7D09683E6A637943.png

Ewkovecg 13-14: Mean chlorophyll concentrations in spring and autumn, 2004.
Copyrighted.

S Oolacota wn (A" pépog) 39



http://www.sciencebuddies.org/Files/2176/3/Chem_img012.gif
http://www.alanrevista.org/ediciones/2004-2/images/19/image1.gif
http://angelmontiel1.weebly.com/uploads/1/6/8/0/16802592/547913_orig.jpg
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>nueiwpa Xpnonc Epywv Tpitwv (3/5)

Ewtkova 15: Mnviaieg Sopudoplkec ewkoveg chl-a otnv AvatoAwkr) Meooyelo.
Copyrighted.

Ewkova 16: Copyrighted. http://www.undersea.cn/image/bios/hotspringbactl.jpg

Ewkova 17: A hydrothermal vent community. Copyrighted.
http://player.myshared.ru/365075/data/images/img24.ipg

Ewkova 18: Katavoun pe to Baboc tng nuepnolac pwtoouvOETIKAC Kall
XNUELOOLVOETIKAC apaywyng otn Mauvpn ©dAacoa. Copyrighted.

Ewkova 19: Black sea diagram. Copyrighted.
http://38ccda.medialib.glogster.com/media/1d02c02a026b330c63bc04aldc83216
1938ddc472dd576fdfa3a55dba68656dc/black-sea-diagram-sml.jpg

Ewkova 20: Zooplankton. Copyrighted.
http://refsurf.ru/files/21/images 4/image016.jpg
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>nueiwpa Xpnonc Epywv Tpitwv (4/5)

Ewkova 21: Creatures found in the very pelagic zone. Copyrighted.
https://ddppchicago.files.wordpress.com/2011/02/zooplank2.jpg?w=665

Ewikova 22: Foraminifers. Copyrighted.

Ewkova 23: Radiolarians. Copyrighted.
https://o.quizlet.com/njapgUyEAKkmMmVGPM1bvbXnQ.png

Ewkova 24: Copyrighted.
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>nueiwpa Xpnonc Epywv Tpitwv (5/5)

To Epyo aUTO KAVEL Xprjon Twv aKOAouBwv £pywv:

Nivakeg

Mivakag 1: Ta&vounon opyovIoHWY KoL XapaKkTnpLotikad touc. Copyrighted.
Mivakag 2: Katdtaén nAayktovikwyv opyaviopwv. Copyrighted.

Mivakag 3: Dominant forms of marine phytoplankton. Copyrighted.
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