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The marine environment
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The importance of oceans

e
pr s rth is covered
00 bill on km2 in volume
. 80% of international trade is
carried by the sea

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

Degrees of Latitude

50 100 150 200 250

Millions of km? 4 The world fish catch

Diagram s howing the distribution of land and water with latkude. 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

1. We do not know t
e Increasing impac -
e Overexploitation of marine resources
e New pollution sources

2% SystemaLc underestimation of marine ecosystems and their
*  economical functions -
o Europe?‘i:as 89, 000 km of coastline with a very high coast to
surface ratio
e Europe and italian economy increasingly dependent upon
resources from the-sea

3. Increasing turism impact:
e 75,000,000,international tourists
e 60,000, 000 domestic tourists every.year

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




Carbon storage

Pelagicor
planktonic
species lay
eggs, or
have larval
or juvenile
stages in
benthos
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Planktonic
species
have resting
stagesin
benthos
Organic
matter
(fecal
pellets,
dead
organisms,
etc.) fallon
the bottom

North Adantic

Ocean
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Resting
stages
disciose and
turn back to
the
plankton.
Benthic
species feed
on particles
and could
turn in the
water
column via
life cycles

Nutrients
and gases
reach the
bottom and
can turn
back as
iving
matter or
through
upwelling




Regulation

Functions

Ecosystem processes and components

Goods and services (examples)

o

Regulation Functions

Gas regulation

Climate regulation

Maintenance of essential ecological processes and
life support systems

Role of ecosystems in bio-geochemical cycles
(e.g. CO,/O, balance, ozone layer, etc.)

Influence of land cover and biol. mediated
processes (e.g. DMS-production) on climate

1.1 UVb-protection by O; (preventing disease).
1.2 Maintenance of (good) air quality.

Maintenance of a favorable climate (temp.,
precipitation, etc) for, for example, human
habitation, health, cultivation

3 Disturbance Influence of ecosystem structure on dampening 3.1 Storm protection (e.g. by coral reefs).
prevention env. disturbances 3.2 Flood prevention (e.g. by wetlands and
forests)
6 Soil retention Role of vegetation root matrix and soil biota in 6.1 Maintenance of arable land.
soil retention 6.2 Prevention of damage from
erosion/siltation
7  Soil formation Weathering of rock, accumulation of organic 7.1 Maintenance of productivity on arable

matter

land.




Habitat provision

Habitat Functions Providing habitat (suitable living space) for wild Maintenance of biological & genetic diversity
plant and animal species (and thus the basis for most other functions)

12 Refugium function Suitable living space for wild plants and animals Maintenance of commercially harvested specie
13 Nursery function n habitat 13.1 Hunting, gathering of fish, game, fruits,
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Habitat and production functions
14.1 Building & Manufacturing (e.g. lumber,

14 Food Conversion of solar energy into edible plants and

animals skins).
14.2 Fuel and energy (e.g. fuel wood. organic

matter).
14.3 Fodder and fertilizer (e.g. krill, leaves,

litter).
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Cultural and spiritual

Functions

Ecosystem processes and components

Goods and services (examples)

19

20

21

22

Aesthetic information
Recreation

Cultural and artistic
information

Spiritual and historic
information

Science and education

Attractive landscape features

Variety in landscapes with (potential) recreational
uses
Variety in natural features with cultural and

artistic value

Variety in natural features with spiritual and
historic value

Variety in nature with scientific and educational
value

Enjoyment of scenery (scenic roads. housing,
etc.)

Travel to natural ecosystems for eco-tourism,
outdoor sports, etc.

Use of nature as motive in books, film, painting,
folklore, national symbols, architect., advertising,
etc.

Use of nature for religious or historic purposes
(i.e. heritage value of natural ecosystems and
features)

Use of natural systems for school excursions,
etc. Use of nature for scientific research

ERNEST
HEMINGWAY

(V. Van Gogh 1888, E. Hemingway 1952,
Iron Maiden 1984, J. Cameron 1989)




The |mportance of oceans

1. Scientific and socio-economic bases for
~— sustainable development of Mediterranean
and European seas and thelr resources
Jnderstandmg ahd predlctlng impacts due to
numan exploitation .of natural resources,
pollution and climate changes

3. New frontiers in research-and technologies




The |mportance of oceans

1. Hydrocarbons and other contaminants
New forms of chemical pollution (micropollutants and

—

o ~secondary metabolites)

o Habltatdestructlon x

3. Eutrophication

4. Pathogenic forms and sanltary problems

5. Overfishing ,

6. Introduction of alien.species

/. Climate changes and potential consequences on
marine biodiversity

-




ELEVAZIONE (m)

PROFONDITA (m)

>80% of the seafloor (and
therefore of the Earth’s
surface) and 98% of volume
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The benthic domain

Neritic province 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
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The pelagic domain

pelagic
oceanic ————————

epipelagic
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Production
Rarefaction

Plankton and s % of surface in the
Nekton . different zones .
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Average SST range from about — 2 ° C a the poles t028° 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 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

Sea bottom temperature climatology (1999-2010), °C
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Temperature of deep waters is constant and around 12° C




Thermocline
A) TEMPERATURA ("C) 4 — ﬁ o ,f’

hermoc .“.'--s S a‘l/ r layer where a
sharp vari atté'n—of water temperature
occurs (0.1 ° C or more each m

depth).

—

PROFQNDITA (km)

o

N

TEMPERATURA (*C)

lw 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
TEMPERATURA (O 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).
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Marine heat waves

Land-sea surface temperature anomaly (°C)
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Sallnlty

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

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




Salinity: global average




Salinity: N Atlantic

European
Commission
I

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




The Mediterranean Sea

1999-2010), PSU
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S depenaing on

Densita (g/cm?)

: n - T CA L " .
1.023 1.024 1.025 1.026 1.027 1.028 P -
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

Genereally, 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.
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pH

Concentration
relative to pH 7

10,000,000x

1.000.000x

100.000x

10,000

1/10x

1/100x

1/1,000x

1/10,000x

1/100,000x

1/1,000,000x

1/10,000,000x

H' lon

pH
Value

0

1

Examples of
solutions

210 uo yd

8.1

8O

Q

8.05

Average pH = 8.1

Mostly depend on CO, diffusion in seawater (where it is 15% of dissolved

gases).Changes in pH could strongly affect marine organisms




molluscs, crustaceans, coralline algae, etc ). Qarag was highest in the
surface mixed layer. ngher hydrostatic pressure, lower water
temperature, and more CO, buildup from biological activity in the
absence of air-sea gas exchange helped maintain lower Q,,,, in the deep
ocean.

Longitude
T0°W 60°W Sonw 40°W

Aragonite
saturated;
shells are healthy

:

o Horizo®

Depth (m)

Qarag<1
Aragonite
undersaturated:
shells show signs of
weakening




results in increasing levels in sea water. T
ocean pH, which is generally slightly basic.

OCEAN ACIDIFICATION

How WILL CHANGES IN OCEAN
CHEMISTRY AFFECT MARINE LIFE?

T OFRCO;

e« »

carbon water carbonate
dioxide ion

CO; absorbed from the atmosphere

-

2 bicarbonate
ions

consumption of carbonate ions impedes calcification




Oxygen

- F t
Absent on Earth 4 billions y ,
On Earth constant concentration (21%

02 022 024 026 028 03 032 034 036 038 04
Sea—surface oxygen [mol O, m 7]




Main enwronmental features

In the photic zones oxyg S luce ] 1d plants ft;h':a"t consume
carbon dioxide and nutrients. 0 lecreases with depth due tc ~. line of
photosynthetic activity and OX|dat|on o organlc mat €r~ , 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

(o trati 0 Concentration Concentration
. 0 once_n)a on . _l; , 0 w2
! ! CO, L Nutrients
07
2 2 2
Depth Depth Depth
(km) (km) (km)
3 3 3
4 4 4
5 5 5




Light

Visible light penetration

Light penetrabon in open 00&an

Light penetraton in coastsl waters

Visible light penetrates
Info the ocean, but
once past the sea
surface, light Is rapidly
weakened by
scattering and
absorption (coastal
water). The more
particles that are in the
water, the more the
light Is scattered. This
means that light fravels
farther in clear water
(open ocean).
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GIORNALIERO
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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

VELOCITA DEL SUONO (m/sec)

1700 =

1680 —

1660 =

1640 —

1620 -

1600 -

1580 =

1560 =

1540 ~

1520 —

1500 =

1480 =

1460 —

ACQUA DI MARE

S = 35%o0 T=30

T=20°

T=10°

T=0°

0

I I I 1 I I I I
100 200 300 400 500 600 700 800 900 1000
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L€ more

‘quickly in atér than in

the air (340 ms-).
Typically, 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
theircommunication,
predation, mating and

§ many other aspects of

| their life




Deep sea circulation

-~

DeepWater orma » ‘ "','"'l'f:' 5
‘ ' Thermohaline circulation
)

(few cm s)

In the Atlantic ocean
higher mixing between
the surface and the deep
waters with respect to
the Pacific Ocean, where
deep water formation
lacks. This lead to lower
oxigenation and
exchange

Salinity and temper:
Deep water formatic




Deep water formation

OCEAN WATER FLOW

Brine Exclusion During Sea Ice Formation
Warm water

flows toward pole
Cooling \

iti Cold, salty
Transition layer . 53
(thermocline) water sinks

EQUATOR ¥

Cold polar winds cause Ice formation further increase

evaporative coolingof seawatef,” 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




Vertical circulation
>

Vertical circul: g of marine
ecosystems. It allows re Jor surface waters
with cold and nutrient-rich waters from the bottom, and to transport
oxygen towards the bottom

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




ENSO (El Nino Southern Oscillation)

LS

Normal conditions: wind trades blow strong, the Humboldt
current is strong, upwelling occurs on the S America coasts (Chile
and Ecuador), high pressure is on S-central Pacific and low
pressure (wet, wagm) on the-Australian and Indonesian coasts.
Superficial waters in the east Pacific are'cold. When Tis 0.5° C
or more below the seasonal average, we have la Nina.




ENSO (El Nino Southern Oscillation)

e

N &

EI Nino: cycllc but |rregular every 2.7 years (5 on'average) with
max during winter (december) It is an increase in superflc:lal
water temperature in the central-SE Pacific of at least 0.5° C
above the average T for at least.5 months. Wind trades are weak,
the Humboldt current is wealk, upwelling on the S America coasts
(Chile and Ecuador) is strongly reduced or absent, high pressure
Is on the Australian and Indonesian coasts*and low pressure (wet,
warm) on the S-central Pacific coasts. Superficial waters in the
east Pacific are warm.




SOLE PRIMO
= QUARTO

Tides a caused by the attraction of the

moon and the sun. The strength of moon o SOLE
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.

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

ULTIMO
QUARTO

They range between few decades of cm (e.g. Mediterranean Sea) until

several m (e.g., Bay of Fundy, Canada)
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Organic matter

Most of organic cark
carbon from each trophic
al.,1972). So, everythlng no

composition and origin.

S O ’o’rtqanlc

espective of its size,

m DOM o POM

o Fitoplancton

m Zooplancton 0 Pesci

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

0.002




Terrestr pply
* (Small pl n remains

(4 ‘mts &:

\Fecal peIIets

4.+  rargeanimal remains *

S ' )y (fiSh and mammal carcasses)
Y | i

% Algal'and plant debris

(kelp, seagrass, etc.)




Classifi catlon of organic matter

\1' ‘, h,
... l ~

1. Type: Living' ~ (Organisms)
Detritus  (fecal pellets, excretions, etc.) 90%

2. Size: DOM (<0.45 pm = detritus+virus+bacteria)
+  __ POM.(>0.45 um = detritus+bacteria+
e _phytoplankton+microzooplankton)

3. Sources: in situ production
exogenous

4. Trophism: Bioavailable
Recéalcitrant ™




Type

Most of living organic

comes from plankto onic
bacteria, protists, phytoplan fon, micro-
zooplankton and meiofauna

Larger components are negligible in terms

of ameunt and numbers
. s

Microzooplankton are'a group of -~ \\\\\

heterotrophic and mixotrophic planktome
organisms between 20 and 200 um in size.
Important contributors to the-group are
phagotrophic protists such as flagellates,
dinoflagellates, ciliates, radiolarians,
foraminiferans, etc., and Metazoansssuch”
as copepod nauplii, rotiferans and
meroplanktonic larvae, among others.

Q |




Trophism
POM is comp

weight from very few until >100.000 d, andlncfudes for instance,

a. virus
b. carbohydrates (glucose, 50-60%)
__e. arematic compound (e g., phenol, lignin, lipids)

f amipo-acids
g. DNAandRNAA &k

b

DOM poolis largely produced by phytoplankton and
decomposition or bacterial and virus action

DOC/POC ratio 10-20:1 in the water column
DOC < 5% del TOC in sediments

Labile organic matter is easily and rapidily available to.be remineralized by organisms,
whereas recalcitrant organic matter is formed during decomposmon and other processes
(agglomeration), and is difficult to be degraded by bacteria unless during long periods.
Example: CRAM (carboxyl-rich alicyclic molecules) amino-sugars, amino acids, terpenoids,
lignin)




Zonation on land
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In oceans and seas
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Zonation on land
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The Mediterranean Sea
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Biogeography of the basin
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Zonation on land
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Zonation on sea
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