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Toplc 25 An’rhropogemc Changes Oceons

B Test #9: due Todoy
Y% | HW #9: due tomorrow
Tes’r #10 Dec 9 = fmol exom

bmﬁ by Frldoyl

4"pm last d'iAscusaon session
5 pm last Zoom office hour
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course evalu fi
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Earth’s ©ceans

g 7O 8% of Earth’s surfcce
= « hold 95% of Earth’s water
» 60% of population live along coasts

« food source

(200 Mio people depend on fishing)
» cheap shipping routes

oil fields/resources

'v “ HeoTleboloii o Ieve risé'
» take up COQ—Vslows glob_ql warming but acidifi o‘rion

sea Ievel rise!
melfing land ice & thermal expansion
affecting 4.6 B people
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The Warming Ocecns and Sea LevelRise

Recen’rso’re emeosu men’rs

SATELLITE DATA: 1993-PRESENT RATE OF CHANGE 5

Data source: Satellite sea level observations. /P 3 4
Credit: NASA's Goddard Space Fiight Center .

millimeters per year

Recent Sea Level Rise
23 Annual Tide Gauge Records
= Three Year Average
= Satellite Altimetry

Sea Level Change (cm)

Sea Height Variation (mm)

1995 2000 2005 2010 2015 2020
YEAR

® Tide gauge: 20 cm in 120 years
Satellite: 10 cm in past 30 years
->rise accelerating

o Predictions of 1 m by 2100 too optimistic
o prob. More like 2.5 m

2°‘°Y9 oen 2wl source: IPCC report
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The WOrmmg Ocecms and'Sea Level Rlse

- > ifsea Ievel rise (1 m b 2100)

-> costal erosion = - See Topic 22

-> |loss of habitable space

Atlantic Ocean

Louisiana, = : i
e 5 % Jacksonville
Alabama - Pensacola < Tailahassee o

= Gainsyille 5
Georgia -~ . VEazi b oons
«% Beach

Florida - Gulfof Mexico . .
A

Cape
A Canaveral

Nétherlcnds

Petersburg R,

- Bangladesh ¥ ronoa
~ Maldives , ‘(M :
g QTO” ﬂGT;OhS ,. 7 Fp La:(:)er:da\e ]

Miami

& USA: Florida

Key West

¢ 2023 Tuvalu, Fiji, Niue, Solomon, Tonga, Vanuatu:
Port Vila Coll for a Jus’r Tronsﬁnon to a Fossil Fuel Free Pacific
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Th 77 Oceans — Food, Hrines

warm/freshwater on top -> stable layering -> no upwelling -> no food
(e.g. Peru during El Nino as example of things to come)

g Colifc‘)mio:n
* weakening Cali current -> no upwelling -> no food
* humcanes odvonce’no h (2023 TS Hilary f|rs’r smce 1858)
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e Warming Oceans — Coral'Reefs

! > coral bleaching if T rises 1-2°C coral reefs:
corals face multiple threats - "the rain forest of the ocean”
(high biodiversity!)
2003: 25% gone compared to 19 ”f‘

affected by
sedimentation
pollution/pathogens
physical damage
freshwater runoff

= predators
exploitation

= global warming

= gcidification
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California’s Kelp Forest

giant brown algae
j’ (klngdom pro’rls’ro)

Cali state fish

Oregon

Eureka /

e important habitat
e resource (iodine, alkali)
& ¢ used for things from soap to glass
? « Olginate thickens ice cream, jelly,
toothpaste

100 MILES
Mexico
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ceo Acidificaﬂon

Sea change Bexeilelinl
Since the Industrial Revolution began, the ocean’s chemistry has been changing ata pace 100 = raguc nnk

times faster than in the previous 650,000 years. Food chains could collapse if rising levels of carbon dioxide

deplete the oceans of calcifying plankton, including small

Historic levels s Predicted levels snails called pteropods.

Dissolved carbon dioxide Pteropod facts Mazimum shell diameter:
Micrograms/kg 2 e » Critical part of food chain in

o polar and near-polar sess =
= Favorite food of herring, e 0.138"=3.5 mm
850 pollock, cod, salmon and -

baleen whales Stwimming

Ocean pH 1000

®
»

o

3

* Large masses of pteropods
700 reflect a healthy
environment

® Research has shown that,
550 (1850 e their calcium carbonate

[398.1 shells dissolve when placed
in water acidified by
carbon dioxide

N
@< opweaon

L Caleium carbonate shell

1850 1900 1950 2000 2050 2100 1850 1900 1950 2000 2050 2100

Note: 100 micrograms represents a 10,000th of one gram for each thousand grams of seawater.

e cannot produce protecting

carbonate shell -> dies ¢2
interruption of base of food chain
- > mass extinction2?e

e ocean chemistry changes 100 times faster
than in last 650,000 yrs
« acidity increased by 30% in 150 years
(pH from 8.16 to 8.05)
» projected decrease to pH 7.85 by 2100
(150%)

lean rain’ - pH 5:6
normo/ rc:m -pH 5.5-5.0

C
alkaline €= acidic i
SIO15 2024: Topic 25 Anthropogenic Chonges Ocecms
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Ofherlypes of Assau

i »dredging ; - : »sewage

 gelfellallgle] / 2 . ¥ B »waste disposal
»development 2, . = >unregulated disposal

- ” from cruise ships

San Diego -

34

* made from petroleum

* plastic not bio-degradable

* plastic difficult to recycle

* only small fraction is recycled (3.5%)

* it takes sunlight a long time to break down plastic
* plastic now finds ifs way to remotes oceans

» ocean fish and birds mistake plastic for food
'l”l,“!;;v N T o

Z

* a plastic bottle takes 450 years to degrad

\““\g\ plastic bag 45 years

GREAT PACIFIC GARBAGE PATCH

AS oo




The Great Pacific \, Patch’'=Pacific Vorfex

. 7

i N

Hawai'i
The Trash Vortex The journey of trash | 6months 2 years

« discovered in 1997 by Cpt. Charles Moore (Algalita)
* North Pacific Ocean Gyre

» af least 2x Texas

* "so bad it meye- is economical to remove”
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Couniries Deoating = 12/2/24

Agreement
on plastlc Busan, S. Kore:

pOHUﬁon - diplomats meet to come up with treaty

21 IER) 1y dl | — discuss: reduction in plastic pollution
TR e - maybe reduction in production?

Diplomats at a United - oil-producing countries strictly against this
Rerrhmerrwrmed = - ‘rafher invest in recycling”
agreement on the world’s * =
first treaty to tackle plastic -
pollution Sunday. They sai
they would reconvene i
future months to try again.
At what was supposed &
to be the final round of
talks, nations struggled to s
bridge wide differences that = > A i
remaned ve i e does this remind
including whether the treaty
should include limits on plas- % YOU Of .
tics production itse! : something?

== like the Kyoto
Protocol22?2

4: Topic 25 - Anthropogenic Changes: Oceans
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Over 200,000 Laysan Albatross Chicks/year Die
Loaded w/ plos’[jc

a 1

40

“with current limited (food) resources, current InCrease in £
world population unsustainable”

970 ' illln pepe

nic Changes: Oceans

12/2/24
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~Atlantic Cod:A Regquiem for e Grand Banks
= Capturerovatlannc Cod 1950-2005

A A 4\
~ \/\ lortheast
- stock
\/\/\/\/ /
= o Northwest stock
Source: Wikipedia; Hans-Petter Field

Capture in mill. tonnes

b Oa ’rﬁnv A O- ” 0'%950 1960 1970 1980 17990 2000
Yea
-> sensitive fo global warming Zoaeoemes
- — co‘ros‘rropmc collapse;
1498 Cabot: no-cafch moraforium
“codfish ran so thick they were easily caught

§ 0)% dongll!?g a wicker basket over the side of T S oxi 2
the vessel

6-7ft long; 200 pounds : | Pacific Sal

=
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AN Increosmg F|sh|ng Industry —A Heol’rhy Oceon2

Source: FAO/Wuk\peduo

The “Heol’rhy” Oceon

= Aquaculture production
m Wild capture

0
1950 1960 1970 1980

1950: 20 Mio tons worldwide
1997: 122 Mio tons

- 11 of 15 of most important fishing areas fully or overexploited
- 70% of major fish species affected

- landings of cod, tuna, haddock dropped by 95% since 1970
- many > 920% exploited: tuna, cod, marlin, swordfish, halibut

- aquaculture masks effects of overfishing




Oceons as Food Sou ce— Ccreless FIShing Proc’rlces

Source Wor\d Wokh \nsmme == = purse seine
5 nets Skiffsets net

Purse seiner

- p0|son|ng W|’rh sod|um cyonlde (S.E. Asia)

- dynamite (Mediterranean; abandoned?)

- gillnets/drift nets
(trap/drown large mammails)

- frawling (all shelves at least once in 2 years)
150 x area of clearcutting global forest

from: “Essential of Oceanography” by Trujillo

=& Ty i =z Frank A Bailey
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Oceans as Food Source — By Caich
’M)W?«ts T TR TR R e e

Source: World Watch Institute

* 20 Mio tons (~20%) thrown away as by -catch :" s -
— L,’d‘ P »\‘I'w 2> ‘:-5\. ) g Dall's Porp0|se (NOAA)

Lf"' 27 - fish too small “
z - not marketable
R

»

B~ - lack of permit

- '? this number does not include |
*  killed mammals and birds

| o % - use fine nefts
8 - 5 kg unwanted species
for every 1 kg shrimp
. AR Y

2 Shnrhp By-Catch (NOAA) ¢
P\um
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Oceans as Food Source — By Catch Victims
s =3

-
source: vvlhpemo‘D - @

R AT A T T T e A M

- Loggerheod Turtle "R SSES
At

KT

59,3 VRN

-
- up to 450 kg

\ - lifespan up fo 67 years

' -maturity: 17-33 years

. -Loggerhead and Leatherback
migrate across oceans

(need mTemcmonoI profec‘nonl)

. ‘7“’—"

Turﬂe exc\udel dewce

Gulf of Collfornlo By-Catch Victims

The totoaba is prized for its large bladder.

" lllegally fished
- for Chinese meds
- Gulf of California

- Mexico banned harvest in 1975 , '

= CRITICALLY ENDANGERED

L reid i e

e A\ - [ Mg

N Voqvuﬁq“,‘,;

- - world’s smallest dolphin

- Gulf of California

-2017: less than 30 left
-CRITICALLY ENDANGERED

- catch-to-protect FAILED! (201

4 - 6/2024: 6-8 left, no babies

10



Sharks

; T 28 £
Whale Shark Georgia Aquarium (Zac Wolf, wikipedia)

>true fish
»whale shark largest fish
»>has lived on Earth for 450 Mio yrs

54

»shark fin soup booming industry
» 100 Mio sharks caught each year -> 8000 tons of fins

»many shark species decline by 80%+ in only 15 years
»now banned in Atlantic and Mediterranean

ing of 54 shark species should be regulated

Nov 2022 - CITES - fish
4: Topic 25 - Anthropogenic Changes: Oceans
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The ceons as a Fod Surce

CERTIFIED id-catch fisha r
SUSTAINABLE & : - _Wl|d catch fishing and fish farming
SEAFOOD = M Aquaculture

w 160 production

140+ .
Wild-catch

120+ :
1004 production

80
60
40

WWW.msc.org

Million metric ton

MSC founded 19
in London

aquaculture (farming in the water)

% 2005: accounts for about 30% of fish catch, and growing
2016: up to 44% and growing, stress on wild populations
- good example: catfish (majority in U.S.); tilapia
- bad example: salmon (feeds on small wild fish)/spread of pests/diseases
- color-coded fish cards help consumers decide; UPDATED EVERY YEAR!!
- industry DELIBERATELY mislabeling fish for larger profits
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Tilopio quocul’rure

Source: wikipedi

[l Other countries
: Brazil
id e i —-— = i B Taiwan
= . = M Thailand
3@ most important - B Philippines
aguaculture fish after . B Indonesia

Egypt
carp and salmon = 1 .c%iy:a

i * rapid growth
| » high protein

* easy fo raise/omnivore
originally from Africa

2017
: : 1.3 M t Indonesia
exponential growth 1.2 Mt China no updates

E 1 2
China, Indonesia top producers [ 1O M FEQypT oy since fhen?
¢ 0.3 M t Brozil i

SIO15 2024: Topic 25 - Anthropogenic Changes: Oceans g
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lilapia’Agquaculture - FAO

Global wild and farmed tilapia productio increased riéarly 100 times from 69 710 tonnes in 1950 to

6 882 202 tonnes in 2018 with the main contribution coming from tilapia aquaculture.

Status and trend of world tilapia production, 1950-2018

2018, 6882202
7000 000

6000000

5000 000 2010, 4267806

4 000 000

tonnes

3000 000 2000, 1870000

2000 000 1990, 875911

60, 8: 1970, 290 41! 1980, 450 580
1000000 195% 69710 1960, 142832 970, 290415

o 0%

S T s B B T R S B L S B P - - - B - T, A ™Y
RCRCARC LI U LT e dC N A A AR AR R I dC R A (G LI L i T
Capture (World) Aquaculture (World) e Total (World)

Data source: FAO 2020. FAO Global Fishery and Aquaculture Production Statistics (FishStatJ; March 2020; www.fao.org/fi

& 1.6 M 1 China

1.3 M t Indonesia
1.2 M t Egypt

0:3 Mt Bangladesh
0.3 M 1 Brazil

e ke o

s e
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Marine Reserves
« shown effective to rebuild depleted fish populations
* have to be large enough
* may not work in open ocean
* have to include coastal land to avoid pollution

Pacifi c
Ocean

San Diego
Marine Life

:La Jolla

Scripps Institution ~ UCSD
ofOceanogra';?hy La Jolla

Village Dr.

La Jolla
Shores
Coastal
Watershed

: Ecological — Boundary

=

Soledad
Natural

(52)

% SOURCES: ESRI; TeleAtlas; California Water Board
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S = S

”
E52

= Area of special
biological
significance

a [

\i @ Sacramento
©,San Francisco

&

AN

&
. CALIF.

Los Angeles

X [ =] QJ

Pacific T
Ocean o

San Dieqog

MATT PERRY / Union-Tribune
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Pro’rc’rd in’rhe Reserve: The Giant eQBoss

TASTY!
E critically endangered;

*up to 2.5m, 255 kg; lives in kelp forest;
sreproduction slow; no young have been caught
once common in 1800s, faced local extinction in

1980s

e B =8
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' Diego to rescue marine wildlife!
Nov 2019: de-entangled a humpback

To notify SeaWorld about a possible stranded
§ animal please call (800) 541-SEAL (7325)

8 it'sbad to keep Shamu in

a small pen
... and there are
Nno more Shamu shows...

image: voiceofsandiego.org

14
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Common snapping turtle, at least 15 years old. Crawled into a plastic bottle ring as young, her shell then constriced by the ring. Spinal - |
cord partly unprotected. Photo: ©Dino Ferri. Web site: http://www.auduboninstitute.org/zoo/index.htm
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