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The marine environment

-




The importance of oceans

" 80% of international trade is
carried by the sea

By the year 2020, 75% of
world’s population live
within 60 km from the sea
shore

Degrees of Latitude

100 150 200 250

Millions of km? . The world fish catch

Diagram showing the distribution of land and water with lattude. The shaded : amounts to about 20% of
portion is land and the area to the left of that is ocean. Note the large -
percentage of land in the Northern hemisphere as compared with the southern total human consumption of

hemisphere. animal proteins

The offshore production of
oil and gas accounted for
about 30% of world’s total
and is increasing

Coastal marine
environments and wetlands
may provide as much as
439% of the estimated value
of the world’s ecosystem
services, and yet over 65%
of such areas have been
already undergone severe
environmental degradation




The |mportance of oceans
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1. We do not kn v the |
e Increasing impact from o . .
e Overexploitation of marine resources
e New pollution sources

p Y SystemaLc underestimation of marine ecosystems and their
*  eEonomical functions g
K Europe?‘iaas 89, 000 km of coastlme with a very high coast to
surface ratio -
e  European and Italian .economy are increasingly dependent
upon resources from the sea

3. Increasing tourism impact:
e 75,000,000,international tourists (EU)
e 60,000, 000 domestic tourists every.year (EU)

4. Increasing economical and societal role:
e >600,000 persons in Europe work in the fields of aquaculture,
fisheries, and related industries
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The importance of oceans

1. Hydrocarbons and other contamlnants
~ New forms of chemical pollution (micropollutants and
e ~secondary metabolites)

. Habltatdestructlon
3. Eutrophlcatlon

4. Pathogenic forms and sanltary problems

5. Overfishing .

6. Introduction of alien.species

/. Climate changes and potential consequences on
marine biodiversity "




Ecosystems goods and services

Resting

Planktonic stages
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Benthic Herbivores Benthic have resting tumbackto  and gases
species and species stages in the reach the
spent part  predators have adults  benthos. plankton. bottom and
of their life from the orjuveniles  Organic Benthic can turn
as adult, water column feeding on matter species feed back as
juvenile or feedon T L on particles  |iving
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plankton juveniles of  dead ) turn in the through
nekton L . water upwelling
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The |mportance of oceans

1. Scientific and socio-economic basis for
_~— sustainable development based on seas and

"the‘ir resou rces

A,

Jnderstandmg ahd predlctmg impac

pollution and climate changes

s due to

numan exploitation .of natural resources,

3. New frontiers in research-and technologies
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The benthic domain
‘ Ne;i;cic pr:\;irice Oceanic province

From the highest to the lowest tide level

Permanently submerged, until 200 m
Continental shelf
200-2000 m, 4° C
Continental slope
2000-6000 m, 2-3° C

Plains Aphotic

and associated factors (light

penetration, temperature, natural
disturbance) is one of main driver  Trenches

of vertical distribution of benthic

organismes. v
Higher diversity in shallow waters, where light allows primary production. Deep

waters depend on secondary production. Harsh conditions (low temperature,
pressure, absence of light) limit diversity in deeper waters. However, hot spots due to
chemosynthesis. Infaunal diversity can be very high




Zonation on sea

Supralittoral (supratidal zone) Rock louse (L’Q?“

Sublittoral

(subtidal zone) <--—-- Littoral (intertidal zone) ~-——-->

Periwinkle (thtonn

Lowest low tide

Spray zone

Highest high tide Limpet (Acmaea)
Buckshot barna
(Chthama!us).

High tide zone

Lowest high tide

‘Middle tide zone

High Tide

Low Tide



The pelagic domain
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Sediments
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Average SST range from about — 2 ° C a the poles t035° Cin tropical areas.
Seasonal variations in superficial water are typical of temperate areas and
depend also on geomorphology and other characteristics of the basin




Temperature
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Temperature

Sea surface temperature climatology (1999-2010), °C Winter
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The Mediterranean Sea has
a dual nature as far as

temperature. It is close to a
subtropical sea, in the
southeast basin, and a
temperate sea in the

0° 10°E 20°E 30°E

western

basin. The seasonal
variability in temperature,
light availability and
dissolved nutrient
concentrations are similar
to temperate seas, but the
average values are closer to
subtropical seas.
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Temperature
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Temperature of deep waters is constant and around 12° C




Thermocline

A) TEMPERATURA (°C)
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- ‘Therma »,.- S aw a(layerwherea
sharp variation of water temperature
occurs (0.1° C or more every m
depth).

-

PROFONDITA (km)

N

TEMPERATURA (°C)

Thermocline pattern changes with
latitude. At low latiitude, in tropical
areas, the thermocline is stable all year
round, at about 500 m depth (a, c).

In temperate seas and low latitudes, the
thermocline is less sharp and deeper in
the cold season, whereas in the warm
season it becomes sharper and
shallower. In the Mediterranean Sea, for
example, it is at about 400 m depth in
winter and at 15-40 m in summer.
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At high latitudes, the thermocline could
be inverted or there could be two
thermoclines, due to different layers (d).




Sallnlty

Y
\ \\\ \\Raun or snow

sodium (Na*),
potassium (K*),
magnesium (Mg**),

Tatal st
M8 g

Sodium chloride, magnesium chloride,
magnesium, calcium and potassium sulfate,
calcium carbonate




Salinity: global average

SALINITA SUPERFICIALE
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Salinity: N Atlantic

tlantlc sea-surface sallnlty Autumn

J

31 33.5 38.5

Note in dark blue areas (below 31) salinity values can-equate to anything between 0-31psu




The Mediterranean Sea
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Densita (g/cm?)

1.023 1.024 1.025 1.026 1.027 1.028

salinity.

Warm waters are less dense than
cold waters.

Increased salinity increases sea
water density

The contribution of temperature to

density is stronger than that one
of salinity

Generally, superficial waters are
less dense than deep waters.
Density increases with depth until
the pycnocline and then becomes
more stable and virtually constant
at increasing depth.

Profondita (km)




pH

H' lon
Concentration
relative topH 7

10,000,000x
1,000,000x
100,000x
10,000x
1,000x

100x

10x

pH neutral 1

1/10x

1/100x
1/1,000x
1/10,000x
1/100,000x
1/1,000,000x

1/10,000,000x

pH
Value

0

1

2

Acidic

Basic

Examples of
solutions -
b S . > SNE s
battery acid OH OOH
stomach acid >
g0 %0
(020,02
CPCEY
A a0 ~¢00 |
lemon juice !...: YT ¥
P AL AR
COL R
cola ..‘.’.....3’..3 g
4
..'..0
tomato juice
black coffee
saliva s J ..\N
o o e
= == @ ® o0 t
distilled water I P .. 00 ®
°e%
seawater (8.1)

borax

milk of magnesia

ammonia f .. ?. A
soapy water % .;g %g
8%

oven cleaner

surface pH, total scale, in situ T & P [—]

705 8 8.05 8.1 8.15 8.2

drain cleaner

Average pH = 8.1

Mostly depend on CO, diffusion in seawater. Changes in pH could

strongly affect marine organisms




Organic matter

al.,1972). So, everything non-li
composition and origin.

sDOM oPOM  oFitoplancton m Zooplancton 0 Pesci

0.002

DOM (dissolved organic matter)
POM (particulated organic matter)




Absent on Earth 4 bllllons y' 1
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Main enwronmental features
T

In the photic zones oxygen is produce 1 i plan ;1hat consume
carbon dioxide and nutrients. 'O decreases wit th due to decline of
photosynthetic activity and OX|dat|on of organic mat e'rb ‘whereas CO, and nutrients

increase due to respiration and increased solubility (high P and low T) Min of O,
and max of CO, and nutrients is achieved at about 1000 m. Below this threshold,
nutrients remain stable, O, slightly increases due to oxygenation from the surface
through currents, and co sllghtly decreases due to reduced respiration rates
(rarefaction of organlsmsf

" 0 Conce_n)tration ; 0 Conceilg:ltion . 0 Conceﬂgﬂﬁon
L ' CO, L Nutrients
0,
2 2 2
Depth Depth Depth
(km) (km) (km)
3 3 3
4 4 4
5 5 5




ASSORBIMENTO SELETTIVO DELLA LUCE NEL MARE *
SELECTIVE LIGHT ABSORPTION IN SEA WATER .' '

\I PERPEND /Q LIGHT
REH&;;OL.:?;:;:@ ‘ : ' HHHH Lo 52%
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Light intensitff decrease with depth: (in
open waters) photic zone (0-200 m),

disphotic (200-1000 m), aphotic zone
(below 1000 m).

Primary photosynthetic production occurs
only in the photic zone.




Sound

A

VELOCITA DEL SUONO (m/sec)
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Typlcally, sound speed in
the sea water is around
1500 ms-1

Sound speed increase
with temperature,

pressure (depth) and also
salinity

Sound is crucial for
marine organisms, more
than one could imagine,
since it is involved in
their communication,
predation, mating and
many other aspects of
their life




Deep sea circulation
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Deep water formation

OCEAN WATER FLOW

Brine Exclusion During Sea Ice Formation
Warm water

flows toward pole -
Cooling >
b |
\ ‘ \ Heating

Cold, salty

Transition layer i Yinks

(thermocline)

EQUATOR

Cold polar winds cause Ice formation further increase
evaporative coolingof seawater,” salinity through brine exclusion
and increase of salinity

" “
Increased salinity and cooling of waters lead to dense water masses that

sink, moving towards the deep ocean, representing the cold engine of
the ocean circulation




Main surface currents
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Surface currents are driven by winds,

continental shapes, Earth rotation
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Vertical circulation

Vertical circulz g of marine

5 /

ecosystems It ~ ' ace ‘waters

with cold and. nutr| nt-rich wa ers from mfd to transport
oxygen towards the bottom

Longshore wind

Winds and?"Earth’s rotation generate
watér movements from the surface to

the bottom and vice versa along the

coast, but also in open waters




Sun First quarter

Tides are caused by the attraction of the

moon and the sun. The strength of moon @F sun
attraction is"two times stronger than the .7~
sun. When thé-two are aligned, tides are
higher. Neap-tides occurs ‘when the moon }
and the sun form an angle of.90° (we have
the lower high tide and the-higher low tide).
On average, tides have a cycle of 12 hours,
so that there are two high tides within 24 h.

.4 .
The width of tides depends on several
factors: morphology of coast, type of tide,
winds, closed seas.

They range between few tens of cm (e.g. Mediterranean Sea) until several
m (e.g., 20 m in the Bay of Fundy, Canada)



Biogeographic areas in oceans and seas

160°W 140°W 120°W 100°W 80°W
I T T TR R TR (I R A

40°E  60°E 80°E 100°E 120°E 140°E 160°E  180°
O i o T T S S S

.\hd-rropic'avl..\‘onh;utfu Ocean

South-east Pacific

Tropical W Atlantic and Tropical W Atlantic’ 11
Tropical E Pacific” Tropical E Pacific ' 12
Coastal Indian Ocean. W Tropical Indo-Pacific (East Indies) & coastal 13
Pacific, Arabian Gulf to Indian Ocean’ 2
New Caledonia, S Pacific  Red Sea* 14
mopical islands, and N, W Tasman Sea to SW Pacific ’ 15
o and E Australia * Tropical Australia and Coral Sea * 16
@7 1160°W  140°W  120°W 100°W BO'W & GOPW & 40°W  20°W Qo | pldAdlemtic | M Soud Tropical Pacific 17
« Pacific and Indian Offshore and NW North Atlansic* 18
O(e':ns undl_ldmg Offshore Indian Ocean’ 10
Realm :;:'::;;I: : @ Open Atlantic, Indian, and  Offshore W Pacific* 20
Inner Balfic Sea 1 areas Pacific oceans* Offshore S Atlantic® 21
Black Sea - Offshore mud-E Pacific ’ 22
NE Atlantic’ ; Tropical E Atlantic® 23

. < - - ) -
NE and NW NE Atlannic m Arctic Europe® 4 S South Americs’ .::h:;nm ::
Atlantic and Mediterranean” X 2 32
- Meaditerranean < . S Anstralia® 26
Mediterranean, P 3 SAfrica, S Awstralin, and o 0o s 27
Arctic and North  Arctic and N Pacific? 5 L = New Zealand® 2 ” 5

Paafic North Pacific 7 ) _ Zealand R
) North West Pacific 29

N Atlannc boreal and sub-Arctic from Canada to Greenland Sea’ S =

uthsrn Oicsan an




The Mediterranean Sea

Currents and

circulation

.  morphology

historical
factors

Surface circulation in the Medlterrgnean Sea
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Biogeography of the basin
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