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Fish market, Essaouira, Morocco. Photo by Donar Reiskoffer, Wikim
Commons, CC A S-A 3.0;rits/icommors wikimedia.org/wiki/File:Essaouira Fish_M4KELIPG

Nighttime
Satellite Imagery

@ NASA

Types of Marine Resources

» Physical Resources
— Mineral deposits, petroleum &
natural gas (methane), etc

+ Biological Resources
— Animal and plant life collected

for our use
» Nonextractive Resources
— Transportation, recreation, Ol platforms, Huntington Beach CA. Photo by Aaron Logan,
waste disposal CC A 2.0, http: wikimedia.org/wiki/File:Lightmatter_oilrigs.jpg

Jack mackerel net. Photo by C. Ortiz Rojas, NOAA, Public
Cargo ship MV Lehmann Timber. US Navy photo, Domain, http://www.photolib.noaa.gov/htmis/fish2172.htm

http://www.navy.milfview_single.asp?id=61335

Announcements

Lab Finals this Week
in 3820 Geology

Lecture Final
Thur., December 14, 3:00p-6:00p Dodd 147

Extra Credit Video
Today! 3:00-3:50p,Young CS76

e * .

Lecture Final Review Session
Thursday, 3:00-3:50pm, Young CS24

Lights on squid fishing boats. H Hokkaido, Japan
ommons Attributio Alike 3.0 Unported.
ile:Hakodate_squid_fishing_2005-08.JPG

Wind Speed (knots = 0.5 m/sec)

WindSpd(Kts) & WindDir For Tue Dec 05 2017 7AM EST

@ (Tue Dec 05 2017 122) s
V Real-Time Mesoscale Analysis N
Graphic created-Dec 05 8:26AM EST K

Sustainability of Marine Resources

Renewable Resources

Replaceable on a
relatively short
timescale, if
harvested
responsibly

i.e., wind, seaweed

Nori seaweed nets, Japan. Made based on

Nonrenewable Resources Amaiton (Goor hened Prtosromns) sapan oy o
Present in the ocean in essentia"y Land, Infrastructure, Transport and Tourism
fixed amounts on a human timescale
i.e., oil deposits




Oceanic Biological Resources

» BIG PICTURE:
7.44 x 10° Humans as of December 2, 2017

(US Census Bureau projection model)

Many depend on
food and other
products of life in g

the ocean...

*+ 78 million more every year
—i.e., a 1.0% Growth Rate

One new Rose Bowl-full every 10 hours!

FAS

1

J Xt ‘:~ e
Rose Bowl imag

Oceanic & Aquatic Biological Resources
* ~20% or more of animal protein for 3.0 billion people
« atleast 15% of animal protein for 4.3 billion people
* 65%* of from oceans, 35% from fresh water

Global Commercial Harvest
. 158 Million metric tons in 2012
—  increasing ~3% per year (but wild harvest stagnant!)
. Direct Human Consumption: 86%
. Other uses (e.g., feed for livestock): 14%

- “Trash” fish: anchovies, herrings, sardines,
etc.

“Most statistics are from the 2014 World Fisheries Report of the Food and Agriculture Organization of the United Nations

Global Wild Catch

'WORLD CAPTURE FISHERIES AND AQUACULTURE PRODUCTION
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Figure from UN Food and Agriculture Organization World Review of Fisheries and Agriculture 2016,

http://lwww.fao.org/fishery/sofia/en

WORLD FISHERIES AND AQUACULTURE PRODUCTION AND UTILIZATION

10.5 11.3 11.1 11.6 11.7 11.9

79.7 77.9 82.6 79.7 81.0 81.5

90.2 89.1 93.7 91.3 92.7 93.4

343 36.9 38.6 42.0 448 47.1

21.4 22.1 23.2 24.4 25.5 26.7

Human consumption 123.8 128.1 130.8 136.9 141.5 146.3
Non-ood uses 220 200 247 209 214 209
Popukation [billions) 6.8 69 7.0 7.1 7.2 73
Pee copita food fish supply (kg) 18.1 185 186 19.3 197 201

Note: Excluding oquosc plores. Tosal may not makch due o rownding.
1 Daa in his saction for 2014 ore provisional estimates.

Figure from UN Food and Agriculture Organization World Review of Fisheries and Agriculture 2016,

http://lwww.fao.org/fishery/sofia/en

Fisheries Management

* Maximum Sustainable Capture

— Maximum wild harvest of an organism that will

not irreparably harm future generations

— Estimated Value ~100 Million metric tons

(fresh & salt water combined)

It is likely that we have reached or
over-reached the sustainable limit

Fisheries Management

» Overfishing

— When a fish stock has been harvested to the point
that there is not enough breeding stock left to
replenish the species

— FAO estimates ~1/4 of global fisheries are
presently unsustainable

— Common Fix: Reduce harvest until species
recovers, rough on regional fishing economies.

o Commercial Extinction

- Depletion of a species to the point that it is
no longer profitable to harvest




R—
http://www.seaaroundus.org/f
. lash/NorthAtlanticTrends. htm

Year

Figure by Rainer Froese, Kiel U./Sea Around Us,

http://www.seaaroundus.org/newsletter/Issue37.pdf

Solutions
Improved Fisheries Management
Sensible harvesting, characterization of
resources —
Aquaculture/mariculture
(Especially catffish,
tilapia, crayfish)

Salmon pens, British Columbia CA
Photo by BC Salmon Farmers Association,
reproduction allowed with attribution,
http://en.wikipedia.org/wiki/File:Salmon_farming.jpg

Aquaculture/mariculture

Accounts for ~40% of total world harvest for all uses, and as of 2014
more than 50% of fish harvested for direct human consumption.
our oceans, rivers and lakes are being domesticated!

RELATIVE CONTRIBUTION OF AQUACULTURE AND CAPTURE FISHERIES TO FISH
FOR HUMAN CONSUMPTION

1954 1964 1974 1984 1994 2004 2014

B Copture fisheries Figure from UN Food and Agriculture Organization World Review of
B Aguoculvre Fisheries and Agriculture 2016,

http://www.fao.org/fishery/sofia/en

GLOBAL TRENDS IN THE STATE OF WORLD MARINE FISH STOCKS SINCE 1974
100 o

90

1974 1979 1984 1989 1994 1999 2004 2009 2013

¥ At biologically unsustoinable levels B Within biologically sustoinable levels

Notes: Dork shading = within biologically sustainablo levels; ight shading = ot biologically unsustainable levels. The light line divides
the stocks within biologically sustainable levels into two subcotegories: full fished (above the line] and underfished (below the line).

Figure from UN Food and Agriculture Organization World Review of Fisheries and Agriculture 2016,
http://www.fao.org/fishery/sofia/en

Aquaculture...

'WORLD CAPTURE FISHERIES AND AQUACULTURE PRODUCTION
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Figure from UN Food and Agriculture Organization World Review of Fisheries and Agriculture 2016,
http://www.fao.org/fishery/sofia/en

Mariculture
The growth segment
of modern fisheries.

Very important where
wild fisheries have
already collapsed
(e.g., Bangladesh)

Shrimp farming in
particular may
occur at expense
of mangrove
swamps & other
sensitive areas

Growth of shrimp farming, Honduras, 1987-
1999. Image by Jesse Allen, NASA Earth
Observatory, Public Domain,

http://earthobservatory.nasa.gov/IOTD/view.ph
p?id=6339




Salmon

Almost all fish sold as “Atlantic” or “Norwegian” Salmon is farm raised -- and fed|
synthetic astaxanthin pigment (a chemical cousin of vitamin A found naturally in
some zooplankton) to look like wild salmon.

The same pigment may be fed to chickens to make egg yolks orange.

Photos of wild (left) and farmed (right) by Neeta Lind, Flickr, Creative Commons A 2.0,
http://www.flickr.com/photos/neeta_lind/sets/72157601103903581/

Fish-market, Chijin-District, Kaohsiung.City, Taiwan. Photo by Changlc, Wikimedia Commons, Public Domain,
htp://commons.wikimedia-org/wiki/File:Seafood_chijin.jpg

Arctic Sea Ice Extent

. S ~ Graph generated
7 \ with NSIDC
£ interactive
charting
hitp:inside.org/a
reticseaicenews/c
harctic-
interaci -sea-
ice-graph/

Inset from

images/N_daily_exteni_hires png o
OK for educational use

Salmon Mariculture

+ Mostly Atlantic salmon species, farmed in pens in wave-protected coves,
but inevitably porous to the environment
Feed includes fish meal/ fish oil, ~ 2.5 kg / 1 kg Salmon

» Salmon farming still requires ocean extraction of feed

« Development of vegetarian feed ongoing

SHARE OF FISHMEAL USED AS FEED IN AQUACULTURE PRODUCTION OF SALMON
AND SHRIMP Figure from UN Food

'3 and Agriculture
0

% » ,—\_,.n_\_\A S
- e

A
195 2000 2005 2000 2015 220 25 195 200 205 2010 215 220 2025
sawe

Organization World
Review of Fisheries
and Agriculture 2016,

http:/fwww.fao.org/fish
ery/sofia/en

e

SOURCE OECD end FAD.

High population density and genetic uniformity can foster disease and
parasites

Farmed salmon escape pens.. Spread disease , breed with wild populations?

One solution: inland tank farms

Global Climate Change

Movie of minimum N. Pole sea ice extent from 1979 — 2016.

Sept. 16, 2012 — Lowest area ever recorded (3 million km?).
fc i-bi Zaid=4573

Movie by Starr et al., NASA, Public Domain, h

Arctic Sea Ice Area

1985 1990 1995 20008 2005 2010 2015

Www.nasa.gov

Definition of “Climate”

e  Climate:The accumulation of daily and
seasonal weather events over a long
period of time

—  Microclimate: the cool shady spot under a big
elm tree

- Mesoclimate: the conditions in a region a few
square kilometers in size, i.e. the Los Angeles
Basin

—  Macroclimate: Climate of an area the
size of a country, continent, or ocean.




Definition of “Climate”

Climate:The accumulation of daily and seasonal weather
events over a long period of time

Global Climate: Climate extending over the entire Earth.

Questions about changing climate

o Why is the climate changing?

—  Is this temporary and/or cyclical?
— Is it caused by human activity?
—  What’s going to happen in the future?

*  As scientists we want to build a predictive
model of future climate.

e What’s the first thing to do?

Understanding Past Climates

. Past century or so: thermometer records

- care needed to track calibration, drift, global sampling
. For climate before ~1900 this is difficult

- Methods that work in one area (ice caps) may not work
elsewhere (tropical ocean).

- High resolution records (tree rings) don’t often extend
back very far.

. Requires multidisciplinary approaches
. Timescales of interest and locations both important
. All methods depend on “proxies” for temperature

- Impossible to directly measure past temperatures
except for very recent past in areas with people (w/
thermometers!).

Paleo-climate Evidence

Geologic features

Ancient clues in old
continental rocks

Landforms show effects of

past glacial activity

Ocean Sediment Cores Ymemil(‘al by sniy sz e Commons A S-A 3.0.
[ ht. ile:Yosemite_Valley.

~200 Million Year Record e

Deep Ice Cores

Contain info going back
~800,000 years

Others: Coral cores, lake
sediment cores (pollens),
tree rings, etc... National Tce COVe Tab storage freezer, by

Domain,

(CL_Freezerjpg

Paleoclimate: Oceanic Proxies
Foraminifera CaCOj shells are used to study %
past sea surface temperature
Most O atoms have 8 p + 8 n = 1°0
. 1/500 oxygen atoms has 2 extra
neutrons: 130 isotope

. H,'80 evaporates slightly less
easily than H, 10O

. Ice caps form from snow - 7 —— N drina
precipitated from water vapor - and pachyderma

Micrograph by Hannes Grobe, Alfred Wegener
Institut, Creative Commons A 3.0 Unported,
wikimedia i/Fil

are 180-poor.

. Remaining ocean water becomes 1
180-rich

** 180 concentration of ancient seawater is
preserved in CaCOyj shells

boquadrina-pachyderma_hg.jpg

H,'30 evaporates slightly less easily than H,'®O.

Ice caps have little H,'30, the leftover water in the ocean has extra H,'#0|

lllustration: Robert Simmon, NASA GSFC, Public Domain,

ip: atory.nasa, leocli y_Ox) oxygen_balance php

Graph: Jouzel, J., R. D. Koster, R. J. Suozzo, G. L. Russell. 1994. Stable water isotope behavior during the last glacial
maximum: A general circulation model analysis. Journal of Geophysical Research, 99: 25791-25802




Paleoclimate Oceanic Measurements
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Millions of Years Ago
Foraminifer shells up to one million years old from ocean sediment cores
show clear 100,000 year cycles during “ice ages”
- Glacial Periods ~ 90,000 years long
- ‘We are presently in an interglacial period
- The last glacial maximum (LGM) was 18,000 ya

Figure by Dragon’s Flight/Jo, Wikimedia Commons, Creative Commons A Noncommercial S-A 2.5,

wikimedia orelwikilFile Five Myr Climaie Chay,

“Recent” Climate Measurements

This curve is
put together
from different
types of
PROXY from
many
different
LOCATIONS
on the planet.
T Itis
constantly
being refined
and extended

Data from thermometers (red) and from tree rings, back in time.
corals, ice coras and historical records (blue).

NORTHERN HEMISPHERE
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Departures in temperature (°C)
from the 1961 to 1990 average
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Figure from 2001 Intergovernmental Panel on Climate Change, 3 Assessment Report, Public Domain,
http:/iwww.grida.nolclimatelipce_tar/wgl/pdffWGI_TAR-FRONT.PDF
Data assembly and analysis from Mann et al. (1998) Nature v. 392, p. 779-787.

Recent Climate Measurements
Previous slide (also at right):

Blue line: corals, tree ring,
ice core data

Red line: thermometer data
Black line: smoothed data
Grey: uncertainty e

1000 0 E x

1o @0

Year (AD)

Left: hockey stick, photo from ProHockeyEquipment.com; top right: same as previous slide; bottom right: figure by Hanno,
based on Jones & Mann (2004) and Jones et al. (2005), Public Domain,

wikimedi wiki/File:Global Jkapng

Present State of the Climate

Global Land-Ocean Temperature Index

. About 1 °C global I
average temperature 8
increase over
the last 100 years.

—=— Annual Mean
~—— S-year Running Mean

. Largest increase g
in the last 1000 yrs %
. Global temperatures

haven’t varied by
more than 2°C in the
last 10,000 years

Tempe

1880 1900 1920 1940 1960 1980 2000
Graph & data from NASA Goddard Institute for Space Studies, Public
Domain. hitp://data.giss.nasa.govigistemplgraphs_v3/

1°is a large shift on the timescale of civilization
. 20t-21% century temperature variation difficult to explain with
natural climate variability.
- Very likely most of the temperature increase is due to

%]
=)

human activity (anthropogenic climate change).

Why is the Climate Warming?

*  Most likely cause: enhanced
atomospheric greenhouse effects.

e GREENHOUSE EFFECT?

Sun

A greenh stays warm b itis P
to incoming sunlight.

But glass traps infrared (heat) radiation, preventing
the energy absorbed from the sun from escaping.

Photo by National Rural Knowledge Exchange, Flickr, Creative
Commons A 2.0,
http:/iwww flickr.com/photos/8228133@N04/1091783222

Greenhouse Earth

Our atmosphere acts
like a greenhouse!

Instead of glass or
plastic, heat radiation is
absorbed and scattered
by gasses like CO, and
H,0O-vapor

00

Frédéric Bellaiche/NASA, GNU PL/Public Domain,
http://commons wikimedia.orgiwiki/File:Jar.svg &

hitp: wikimedia.orghwil <Earth_Wester
n_Hemisphere_white_background.jpg
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by E. Schauble, UCLA, http://www: ucla.edu/~: ibrations htm




