


r; OCEAN RESOURCES - Key Concepts

"5 A. Marine Resources Divided Into Several Categories
e 1) Biological
v Fish, Crustaceans, Mollusks and Mammals; Plants; Drugs
2) Physical
v Mineral Deposits; Oil and Gas; Fresh Water
3) Energetic
v Wind; Waves and Currents; Thermal gradient; Tides
4) Nonextractive
4 Transportation; Recreation; Real Estate

B. Extraction of Most Ocean Resources Comes at a Steep Cost

1) Pollution 2) Habitat Destruction, 3) Extinction, and 4) Loss of Resource
v Negative costs not calculated into market price of resource
v/ Entire marine ecosystems are being threatened

C. Extraction of Most Ocean Resources Not Sustainable
1) Rates of Extraction Exceed Replenishment
v/ Driven by short-term supply and demand: Lack of long-term management
2) “Madhouse Economics” of Marine Fisheries Best Example
v/ Government subsidies; Legal loopholes; High-tech efficiency.

D. Laws of the Sea Govern Ocean Resources Control and Trade
1) National and International Laws and Agreements — Lack of Enforcement




25 BIOLOGICAL RESOURCES = The “Fisheries”
{ 1) Eishes : ; -'

4 Herring, sardines, anchovies
v" Cods, hakes, and haddocks
v Tunas, bonitas, billfishes

v/ Salmons, trouts, smelts

v’ Flounders, halibut

2) Crustaceans
v Shrimps, crabs, lobsters, krill

¥ 3) Mollusks

v" Clams, oysters, mussels, scallops, squids, octopus

- 4) Echinoderms
' v’ Sea urchin, sea cucumber

8/, 3) Marine Mammals
_' i v Whales, dolphins, seals
¥/l 5) Plants

v Seaweed, kelp, sea grasses




Has Created a Global Seafood Market

Since the late 1960’s the entire world now has ready
access to fresh seafood from every corner of the ocean.




Ever wonder where all that seafood comes from?

3'3 Ever wonder if there’s a never-ending supply of sushi?

h




2.
3.




Top Predators
Benthic Predators
Crustaceans
Bivalves

Others

What's the catch?

Uninfluenced 1%

Other calcihers 1%
(limpets, sea urchins, and whelks,

Oysters & Mussels 3%~

b

Top predatars
26%

Scallops 10% _ Includes: barracuda,
marlin, salmon, sharx,
sguid, swordfish, tuna

| ohsters 9%

Calcifiers'
predators 24%

Shrimp 10% { Includes: cod, haddock,

¥

halibut, mackere! octo-
pus, snapper, sole,
striped bass, flounder




The Top-10 Global Marine Fisheries

Anchoveta '10.7 million metric tons
Alaska pollock A
World’s 10

Blue whitin 2.4 = : ¥
e X piggest fisheries
Skipjack tuna 2. Small fish, which feed big

Chub mackere! [IIIEGE3 fish, marine mammals and

seabirds, have become
Atlantic herring [IIEIEGE] targets of commercial

fishing, threatening the food
Chilean jack mackerel [IIEE:] sUBplies of bigger fish.
Japanese anchovy IE] Seven of the 10 biggest

fisheries are the prey species.
Largehead hairtail 1.6

Yellowfintuna 1.4 I Prey fish Other fish

ource: United Nations Food and Agriculture Organization, 2006; Oceana
Todd Trumbull / The Chronicle




Historic World Marine Catch by Region

Fgure A1.3 - World marine catch (million tonnes) by major marine fisheries areas
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O F acific, Mo rthwest
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O F acific, Scuthwest

@ F acific, Mortheast
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O M editerransean and Black Sea
T | Olndian Ocean, Wesiem

—| mIndian Ocean, Eastem
O Atlantic, Western Central
o @Atiantic, Southwest
O Atiantic, Morthwest
O Atlantic, Maortheast
B Atlantic, Eastern Central

OFalarregions

Source FAG

1. Pacific Northwest most productive
2. Pacific Southeast second most productive
3. Atlantic Northeast third most productive




Map Key:

1. GLOBAL

2. Asia and the Pacific

3. Europe

4. Latin America and the Caribbean
5. North America

6. Africa

7. West Asia

Catch in millions of tons
source: http://www.unep.org/geo/yearbook/108.htm 6may04




World Marine Fish Catch

Catch per capita
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Marine Capture Fisheries and
Increasing Aquaculture

Wiurld capture: Fisheries and aqoacolture productizn Figure A1.1 - Véorid production ;millian tonnes) from caplure AEneries and aguacw turg

Hire L RO TR )T 6 S A e s
At

v |

1) Capture fishing of wild ocean fish shellfish has topped out.

2) Increased marine aquaculture is occurring worldwide as a means to
. | supplement the maxed-out wild catch production.
Ry -

L1’ 3) Marine aquaculture includes farming and ranching methods.
A4 4) Marine aquaculture has several environmental drawbacks.

* Need for large amounts of wild catch bait feed stocks

» Farmed fish live in small penned waters that have high concentrations of
waste materials




| Major Points

w2 v 50% Fully exploited
‘v 20% Mod exploited
>, V15% Overfished

v 6% Depleted

Figure 13.3 Nominal Catch of Atlantic
Cod, 1950-93

(rrillicn rretnc ons)

4.0 5
351
3.0 7
251 |
aodad
1.54
1.0+

015
Q
1950 1955 1280 1965 1570 1975 {530 1285 {000 1865

Marine Fisheries

Fx, 2% R%

B underexplaited

O moderately
exploited

O fully exploited

O overfished

W depleted

Orecavering

Atlantic Cod: Example of

Fish Depletion




Global Marine Fisheries — Exploitation by Region

Key
v' Red = Overexploited

e # v Yellow = Fully Exploited

- v'Green = Under to Moderately Exploited

Figure AZ 2 - Percentage of stocks exploited beyond MSY levels {O+D+R), at MSY levels (F), and
below MS3Y lewvels (U+M) by FAQ statistical areas in 2004

Southeast Atlantic (47) ]
Southeast Facific (87)
Southam Cceans (48, 58 & 88)
Mormheast Atantic (27)

Tuna and Tuna-like Spacies Total
M editerranean and Black Sea (37)
South \West Atlantic (41

Vuestern Central Atlantic (39
MNortheast Pacific (87)

Eastern Central Aflantic (24)
\Western Indian Ocean (59

Eastem Indian Ocean (57)
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Morthwest Pacific (81
Veestern Central Facific (79
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2010 overfished stocks

Pacific

. Canary rockfish
. Cowcod
Petrale sole

. Chinook salmon

California Central Valley:
Sacramento (fall)

~ Coho salmon
Washington Coast: Queets |

. Coho salmon
Washington Coast:

Western Strait of Juan de Fuca *
. Yelloweye rockfish




1) Depletion of large, mature fish
2) Increased fishing for smaller bait fishes
3) Increasing consumer demand

4) Fishing techniques - Too good, too big, bad
techniques

5) Pollution
6) Climate changes
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Fishing Down the Trophic Levels
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The catch from the recovered net (64% moratonium species). This
mix of species is consistent with a “take-it-all” fishing strategy_

Measuring the recovered net using a gauge. Juvenile fish
cannot escape throug h the amall {ilegal) mesh.

- - =

Shrimp trawl catch. The 95% of the catch
in this photo.that was rfot shrimp diedon
deck and was shoved overboard.




F1zed neting

21%

Trawlling

47%,

/A

v Purse Seining Drif neiting T
AR 4% urse seiniag
B v Pole Hooking

T

Fig 10. Catch compesition by fishing fleets 1n 1392

b v Longline Hooking

7 Y
3
f'
1

A v’ Trapping




Trawling
Fixed Netting
Drift Netting

Purse Seining

Pole Hooking

Longline Hooking
Trapping

Others
Dredges

Purse
seine nets

Gillnets

Longlines

Trawl nets




Types of Ocean Fishing Techniques

TraWIing © 2001 Brwoka/Cote - Thomeon Lesming

Fixed Netting
Drift Netting

Longline Hooking

Trapping
Others

o
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'=PoIeILine Hooking




'FI | Bottom Trawling
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https://www.youtube.com/
I, watch?v=R8-2gI9fFSE
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Cut [ ssses
Ban all gillnets
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;_ > FLAGS OF CONVENIENCE OCEAN FISHING

H.ﬁES OF CONVENIENCE

[

‘ {,;,f,, A thriving legal loophele allows companies to register ships abroad to make use of slack regulations

£ 'ur i O
¢ s - Top flag of convenience @ Top 20 countries of residence of ﬁ ‘
it ; (FOC) cauntries in 2005 owners or operators of fishing

= {number of fishing vessels vessels flagged to a top FOC country

14 more than 24m long) (number of owners and regulators)
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- SEAFOOD & YOUR HEALTH o iy o
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Climate Change Effects on Ocean Fisheries

POTENTIAL IMPACTS OF CLIMATE CHANGE ON THE ECONOMICS OF FISHERIES

Based on information from published literoture

REGIONS

Arctic

CATCH

I e Catch potential: ncrease

L@ Inwasion of warmer water spacies

PRICES

cosT
Fishing . Adaptation

h

shift in
distribution
of species

Temperate

: = Catch potential: no chenge

. #® Changes in specics composition resulting :

fram baoth species gains and losses

Mot yet knawn

| Mo wet known

Tropics

& Catch potential: desresse
- & Species lasies

Blat yet knawn

*

Ocean acidification

Gkl

: & Catch potential: decrezse

*

Expansion of oxyzen
minimum zones

. = Catch potential; decresse

+*

Reducrion in body size

i ® MNe change

Ne ehange

Increased variabilicy

= Mo change

Increased extreme weather |

* Actual catch: decrease

Variakle '

*




Case Study: The Bluefin Tuna
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#. Case Study: The Bluefin Tuna
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__ ENDANGERED RATE - WHAT'S HAPPENING?
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- End of the Line =
Fishing Documentary

OF THELINE

Narrated by Ted Danson

OCEANMOW




- Troubled Waters -
Fishing Documentary

Honkytonk Films pressnts

An inlerachve dacumentary |:n- lsaballe Syduastre

&34 000 kilas of wasts are dumped ints our ocsans svary secand
Whaot con wa da obout it#

[START NOW

:IF; » Choese your |-.|r_-|'|.|.'!l'|r~ :."“LF-"':C'




- The Las¢ Fish =
Fishing Documentary

Overfishing

Where are all the fish?
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- Deep Trouble =
Fishing Documentary




- Fishing War's =
Fishing Documentary




Seafood List http://www.edf.org/page.cfm?taglD=1540

.1_:_1_-
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Sushi List http://www.edf.org/page.cfm?tagiD=1540

) Print out a Seafood Watch booklet
B8 2) List three of your favorite types of seafood.
L= 3) Locate your favorite seafood in the booklet
£ . 4) Note the column choices of your favorite seafood:
BEST CHOICES / GOOD ALTERNATIVES / AVOID
I L 5) Write down only those choices that are found in the first
i}  two columns.
Wikt 6) If you had any “BAD” choices, substitute with alternative
Al BEST/GOOQOD choices
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Medical Textiles

Chemicals Paints and pigments
Perfumes Pharmaceuticals
Farming




Marine Life Resources




PHYSICAL MARINE. RESOURCES

1) Hydrocarbon Deposits

v Petroleum
v’ Natural Gas
v’ Methane Hydrates

2) Mineral Deposits
v' Sand and Gravel
v Magnesium
v Salts

4 Manganese Nodules
4 Phosphorite
v Metallic Sulfides and Muds

v' Fresh Water
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PETROLEUM and GAS RESOURCES

\1. Petroleum and natural gas found under continental shelf

4 Roughly 35% of world’s petroleum production comes from seabed
v Roughly 26% of world’s natural gas production comes from seabed
v About 1/3 of all known world reserves of oil and gas are marine

4 Deep seafloor contains little to no oil or natural gas

. Formation of petroleum and gas deposits requirements
: v/ Massive accumulation and burial of tiny marine organisms
4 Low-oxygen depositional environment in closed marine basins

v Anaerobic bacteria action and deep burial temperature and
pressures convert complex organic tissue to simpler hydrocarbons

4 Development of structural traps due to folding and faulting

v Structural traps must have a reservoir rock and overlying cap rock
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FORMATION of PETROLEUM and GAS DEPOSITS

. -
fi L=
i

2

Need the right temperature
and pressure

Need proper rock types and
structure to trap the petroleum
and gas deposits

G ooi
apgdas
] 20 40 e 80 100 120 140 1e0 180
Structural Traps Ternperature (°C)

Aanticlinal trap Fault trap




¢ Offshore Drilling for Oil and Gas
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Fixed Platform
Compliant Tower
Sea Star

Floating Platform

{FP) :"-;' g
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Tower

e Baaﬂmr
1501 ﬂnu’h—g L ;
(1500 to 3000 Ft) (s tur oo r-
(500 to 3500 Ft] symm Tension sibseu
(FPS) Leg = System SPAR
['annmmu“ﬂn} Platform = (55) Platform
(TP {To TOODF1) {8P)
(1500 1o TOO0 Ft) [Emtllu 10000 Ft)

Tension Leg Platform

Subsea System
SPAR Platform
Floating Drill Ship




Hubbert Curve Projection

of Global Oil and Natural Gas Liguids Production o]
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Discoveries precede Production
Discoveries peaked in the 1960’s
Production is soon to peak

Timing of production peak (peak oil)
is controlled by several factors

WORLD OIL DISCOVERIES + PRODUCTION
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The Global PEAK OIL Scenario

OIL AND GAS LIQUIDS
2004 Scenario

i1
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> Topping out of oil production is called “peak oil”

» Each oil-producing regions has its own “peak oil”

» Production has already peaked in some regions and is soon to
peak in others

Has the USA oil production peaked yet?

Global “peak oil” is inevitable. Why?



Matural gas ligulds
B Nor-conventional cil
B Crude oil - additional EOR
| Crude oil - fields ver to be

found
Crude ail - fizslds yetto be
dewvalnper

W Crudc ail currently
producing ficlds

> Once global “peak oil” occurs, other energy sources MUST replace
ioil in order to satisfy world’s increasing energy demands.

/> Several viable substitutes for crude oil. What are they?

il

L4 Energy substitutes must have several attributes to make it viable.

What must a major energy source have to make it a viable
Y:/ global-scale replacement for crude 0il? Best contenders?

el




The Cost.of Qil and Gasoline

Oil and Gas Prices- 1981 to 2011
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The price of crude oil and gasoline shot up in the last 10 years.
Why?

%( Will the price ever go back down to $2 a gallon? Why or
X Wwhy not?
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v’ Sand and Gravel
\/I\/Iagnesium
v’ Salts

4 Manganese Nodules
4 Phosphorite
v Metallic Sulfides and Muds

v Fresh Water




stribution of Ocean Bottom Mineral Resources
e A

Bioganous coral, 5 k : Micrometeorite debris,
macroscopic debris or % valcanic and '
hydrogenous evaporites - & e ! wind-blown dust
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:- > Valuable, non-fuel, mineral marine resources are abundant, but
; 'jgwidely distributed in the ocean, and across the seafloor.

Tl - I
» They are generally harder to exploit than similar land resources.
§ Why are marine mineral resources tougher to exploit?




Shallow Marine Sediments




Very abundant source

High quality material

Easy to extract — low cost

Close to development sites >
Excellent for beach replenlshment _ _;‘._'-:._ -5 :




Sulfide-Rich Hydrothermal Vents

Oryanions. (HFO,". mu“im m:::?ﬂm Key Points
e OHL e Fo.3, =Rn. i 13 > Deep sea hydrothermal
h N oo vents release hot, mineral-
o ; . // ::_T“"’ rich waters that precipitate
metal sulfides on impact

...:—*,-;1 m* . with the cold seawater.

- 5 _'I 7 - I_
b | € Metaliiferous Sedimonts : _.-‘ _"_?" ﬁ‘t mﬂ T" ,‘f.q_ A

i O ron-Magnesam Crusis H* CF, Fa®™ Mo b"-w"‘!v

D, T L L e > Ihe metal sulfides form

oL SR e chimney-like structures that
" B contain highly-concentrated
precious metals, such as
copper, zinc, and cobalt

» The surrounding
sediments around
hydrothermal vents also
contain high concentrations
of metal sulfides
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\ Manganese Nodules and the Abyssal Floor
i) Key Points

» Abyssal sediments are
predominately clays and oozes

»Manganese nodules grow:
extremely slowly on the surface
of the sediments as an inorganic
chemical precipitate

» Manganese nodules are rich
In iron and manganese, plus
nickel, and copper

»> Estimated that they cover
30% to 50% of deep sea floor

> Takes millions of years to
form a nodule




Mining the Deep Sea Floor

5 T -
MEES:Multi Beam Echo Sounder i, GPrE(D-GPS) i':".h Key POIntS

. NES:Marmow Beam Souncer
PLF:Precision Depth Recorder

L HSEP:narron beam Sub Bottom Profiler > Extreme engineering iS

b BAIS:Benthic Multi-coring System

0 A Shixa) required to collect and lift the

,2‘:, ||:‘:]I,!.rE|Lgr.1xflu'r!| ;‘r'r:rpr . .
S FC Fincer stled Deck 4oa Cormea widely scattered minerals from

(8 ¥ rCliee fall Grob :

FPG Finder-mousted Fows: Grao . i the deep seafloor to the surface

Lik:Uredge Buckat

» Hydrothermal sulfides,
manganese nodules, and
manganese crusts are the three
most sought-after minerals

Hydrothermal activities

Spreading center

) i

‘Subduction Certer Water depth of
; BOO-2400
Water depth of Water depth of ¥ maters
1500-3.000 meters i 4,000 -6,000 metars -

A )y it Cabalt-rich
Hydrothermal i aes Manganese Y manganese
deposits e o nodules v crust




¢ Desalinization — Seawater to Fresh Water
21 Key Points T

» Removal of salts from e
seawater to produce potable
fresh water

» Inexhaustible water

Remicnal Blanding and

.. .‘r_rﬂrr"s..a' 1 A sl | |
source for coastal cities L r— v e

» Need large amounts of
money and energy to build
and operate large-scale
production

» Most common method e i

Process Diagram

used in large-scale L T B Lt

desalinization operations is _ N\
by reverse osmosis Typical Desalination System —

Tampa Bay, Florida
»> Only large-scale plants

operate in arid coastal
regions, like the Mid-East




Key Points

» Removal of salts from e
seawater to produce potable ===
fresh water

» Inexhaustible water
source for coastal cities

» Need large amounts of
money and energy to build

and operate large-scale
production

» Most common method
used in large-scale
desalinization operations is
by reverse osmosis

»> Only large-scale plants
operate in arid coastal
regions, like the Mid-East




4> Desalinization in
= North County

¢ > Current construction of largest
# desalinization plant in Western
Hemisphere here in Carlsbad, CA

&t > Reverse osmosis of 100 million
. . gallons of seawater per to produce 50
@ million gallons of fresh water per day

- » Cost of project around 1 billion dollars e

How water will low
thirough e Posaidon

. » Cost will be double that of typical destlination pant
: water sources = $2000 per acre-foot

1' {f » Environmental challenges exist with
71

i desalinization: \What might those be?

A=




Sea Salt Production
Key Points

@ ~ Evaporation of

=¥ shallow seawater ponds
# to form various sea
» salts

» Production of sodium
2 chloride, calcium and
& magnesium sulfates,

B¢ plus several other salts

_ » Salts for food and
b - industrial processes

Ko caused by different San Francisco Bay Area
' bacteria and algae Salt Ponds

[
¢
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» lides cause daily
back-and-forth ocean
currents in narrow
straights, river mouths,
and bays

> Inexhaustible energy Tidal Bore Turbines

» Need large tidal range
and current motion

» Tidal dams have sets
of reversible turbines
connected to electrical

generators

= o el ersie s Severn River, France

harvested mostly by tidal
dams — France, example




f will 3 luming a power-generaling
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» Many potential places -

where tidal currents are
sufficiently strong close
to shore

> Propellers or paddles
connected to turbine

Blades rotelo

electrical generators y dp S e

) aren

» Many technical issues
still exist that prevent
commercial-scale
systems

» What those be?




Ocean Water Column Thermal Gradient

Key Points
> Potential energy from
| temperature difference

& between warm surface

¢ waters and cold deep
- waters = OTEC (Ocean
thermal energy conversion

- » Pumping of cold water

3% to surface and interfacing
¥ With warm waters to turn a
¢ turbine generator

> Other applications
¢ include 1) condensation of
cold water to make fresh

‘ water and 2) fertilization of

¥ surface waters

¢ > Several commercial-

¢= scale systems exist
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Ocean Water Column Thermal Gradient

Key Points
£ ) > Potential energy from
~ i temperature difference

feeizjmidicnn i f

“waters = OTEC (Ocean NN
thermal energy conversion |

2 .. > Pumping of cold water

G W aters
bischarge’

> Other applications
2include 1) condensation of
- cold water to make fresh

| surface waters

% > Several commercial-
fs scale systems exist




i » Kinetic wind energy over ocean
;.? surface converted to electricity

§ > Wind turns platform-mounted
¥ turbine blades that turns an

electrical generator
Deep Water Wind Turbine

i _ > Inexhaustible energy EREipmant




Oregon State University Q.
ConceptualWave Park !

N Key Points -y
I ) P 1 ': mﬂ;?ﬂﬂ}c};;h,
] / + . argherin T L

= > Kinetic wave energy in ocean P
=3 surface waters converted to =
¢ useable energy like electricity

* > \Wave motion moves an object

Permanent Magnet

up-and-down or side-to-side to Linear Generator BUGYAM|
& run an electrical generator or
-4 pump system

‘Pacific Marine Energy Center swommere.

HE:Q-:IIF’IHE-1 wviaacl

=

| Office space &
of  Vielters centar

b different designs are currently in
:f’development and testing

i environmental challenges exist
i tj with wave energy too — what

I

@A¢= might those be?
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i i Offshore Wave Energy k=
‘ 2 Key Points e

i » Kinetic wave energy in ocean

r’~r" ! surface waters converted to useable
i energy like electricity

Spring

S Matio of yearly soengy =
= : gar

* > \Wave motion moves an object up-
. and-down or side-to-side to run an
* electrical generator or pump system

AZ-r6d it

s '_ » No commercial-scale systems [ =om,
' exist at present time, but many U
i . different designs are currently in
P development and testing

¥ > A number of technical and
$ % environmental challenges exist

4 with wave energy too — what Wave Energy |
| P (S mlght those be? Reco\;ery




2\ PHYSICAL and ENERGY RESOURCES of OCEAN

¥ I.-\.I‘,"
] i N
e,

Enerqgy Resources

/¢ 1) Hydrocarbon Deposits
e v/ Tidal bores on rivers

v" Natural Gas v/ Offshore tidal currents
v’ Methane Hydrates

2) Mineral Deposits v" Ocean thermal energy conversion

v" Sand and Gravel v' Desalinization

v’ Magnesium v Surface water fertilization

4 Manganese Nodules
\/Phosphorite v’ Offshore islands and platforms

v" Metallic Sulfides \/Electricity conversion

v’ Fresh Water v" Offshore / Shoreline
v Sea Salts




r; OCEAN RESOURCES - Key Concepts

"5 A. Marine Resources Divided Into Several Categories
e 1) Biological
v Fish, Crustaceans, Mollusks and Mammals; Plants; Drugs
2) Physical
v Mineral Deposits; Oil and Gas; Fresh Water
3) Energetic
v Wind; Waves and Currents; Thermal gradient; Tides
4) Nonextractive
4 Transportation; Recreation; Real Estate

B. Extraction of Most Ocean Resources Comes at a Steep Cost

1) Pollution 2) Habitat Destruction, 3) Extinction, and 4) Loss of Resource
v Negative costs not calculated into market price of resource
v/ Entire marine ecosystems are being threatened

C. Extraction of Most Ocean Resources Not Sustainable
1) Rates of Extraction Exceed Replenishment
v/ Driven by short-term supply and demand: Lack of long-term management
2) “Madhouse Economics” of Marine Fisheries Best Example
v/ Government subsidies; Legal loopholes; High-tech efficiency.

D. Laws of the Sea Govern Ocean Resources Control and Trade
1) National and International Laws and Agreements — Lack of Enforcement
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