Marine Threats 1: Land-based Pollution & Tropical Conservation Semester
Climate Change

Threats to Coral Reefs

Coral Reets of the World Classihied by Threat from Local Activities

Threats to Coral Reefs Signs of Stress: Coral Bleaching

FIGURE ES-1. REEFS AT RISK WORLDWIDE BY CATEGORY Local threats:
OF THREAT

* Overfishing

« Destructive fishing ) /
* Aquarium fish trade Y
« Water Pollution G

« Coastal Development
e Tourism
« Sedimentation
« Eutrophication
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Global threats:

« Climate Change

Signs of Stress: Declining Coral C&Jer & Increased Algue' 5

Catherine Woodward 1



Marine Threats 1: Land-based Pollution & Tropical Conservation Semester
Climate Change

From despair to repair: Dramatic decline of
Canbbean corals can be reversed

Threats to Coral Reefs
#1 Overfishing & destructive fishing o o .
" g R il e o Restore grazer populations

Destructive fishing

Bottom Trawling
Blast-fishing — SE Asia
= high bycatch and collateral damage

Aquarium fish trade
= poorly regulated
= 60% to U.S.
* >90% mortality!
= Marine Aquariums Council

#2 Land-based Threats Eutrophication

Nutrient Pollution
« increases phytoplankton and algae growth
« algal blooms -> decomposition > ¥ O,

Erosion & Sedimentation
= deforestation
« loss of coastal vegetation
= dredging (water-based)

Seattle, WA

< up to 50 mg/cm?/day = 50X normal rates : - 2 :
Effects Land-based
« blocks light sources are
« clogs polyps responsible for
«increased disease 80% of marine
« coral bleaching pollution

= eutrophication

‘eeding Operations (CAFOs) Eutrophication - Dead Zones

release millions of tons of Commarcial Mirogan Farlizer Hunoff Vulnerbiity indax [ ississippd River — = - 1 "
[ o L ul

LOUEANA

manure containing pathogenic
organisms & veterinary drugs
into U.S. waters every year

f

2011: 6,765 square miles
12002 record: 5,500 square miles)

Hypoxia = Anoxia
Feedlots too!
made worse by

Non-point source warming water temps

pollution
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Eutrophication - Dead Zones Eutrophicatiez - $OLUTIONS
405 global Dead Zones (#1 Baltic Sea, #2 Gulf of MX) Limit Runoff )
Lethal effects: Anoxia, toxic H,S gas + Clean Water Act 1972
Sub-lethal effects: hypoxia, reduced gonad size, sex hormones, # eggs, disease + National Pollutant Discharge Elimination Sy

« requires permits, latest tech to treat ef?.._..-
« Waters of the U.S. - Obama 2015
« Settling ponds, No-till, cover crops, riparian b

Limit Inputs
Dead zones threaten « reduce fertilizer use / eliminiate subsidies
coral reefs + fallows, residue management, N-fixers

Eutrophication - SOLUTIONS Threats to Coral Reefs

Remove Nutrients
Protect & restore estuaries, littoral ecosystems & sea grasses

Tourism
« 96 countries; for 23 >15% GDP

« coastal development

« boat anchors, trampling u
 sewage, sunscreen, trash 0

Ex.: Maldives of I:III tt:iunsm

snorkelers damaged 17% branched coral, 7% of all coral I5 based near
the sea
(Honey and

Krantz, 2007).

Alrport senstraction x Renort development The 27-year decline of coral cover on the .
Increased Increased resort H H Vnerq;
from dredging and infilling operation, sewage disposal, Great Barner Reef and Its causes sg;s'"s a""long
habitat destruction Glenn De‘ath™”, Katharina E. Fabricius®, Hugh Sweatman®, and Marji Puotinen” Ssorsy
* *Australian Institute of Marine Science, Townsville, GLD 4810, Australia; and "School of Earth and Environmental Sciences, Univensity of Wallongons,
e Wollongong, NSW 2522, Austiahe
(e T Marinas e by Pl . Pl Rutgrs, T St Universy f e ey, New Brunsic, Wi, spproved Sestember , 2012 eceied o e
Nutrient enrichment g Pollution from oils and Artificial beaches ~
from illegal sewage paint residues, pollution Increased sedimentation The word's coral reets 2 o reduce ';N'“!' g e grounding ol i e had minor adhere
disposal, Litter f ety (from sand alor from effects on the GBR (o date. Fiing, athough inteise pear the
0 P““]I o accidental beach insmb“ii‘ty‘”)" coast and urhan centers, is hanned in 33% of the GBR and is reg-
illegal g porsl dynsmics of mnl cover, »dsm-f-sn- main drivers of coral  ulated elsewhere (11). Nonetheless, the GBR has been subject 10
solid waste disposal mortality, fthe Great  scvere disturbances, including COTS outbreaks, mass coral bleach
Seafoo Barrier Resf. dataon  ing and declining gro es of coral due ca c
oanﬂlmp!lon reef condition (2.258 surveys of 214 reefs over 1985-2012). we show [\.||\|\4.m[\n\\ m h.\l]l.l' runoff, tropical m\mp and cos du
Over- Exploﬂnllon amajor dedine incoral cover from 28.0% 10 13.8% (0.53% y~.aloss  cases (2, 3
150.7% of initial coral caver. Tropical cyclones, coral predation by
Motor boating and yachting of high-priced resource e e b EOTS) e e ey
Nutrient enrichment from sewage species (snapper, grouper, 48%, 82%, and |0%Mm:rrspel(ﬁu=es\inalzdbwr:;ammingm
disposal. Pollution from fuelling spiny lubster, conch) 3.38% y~" mortality rate. Importantly, the relatively pristine north-
e periods,
Demand for s e s of e 3T ;:,L per A
285% y |m. o f this efo
mdiﬂlﬁ LT marine ﬂlﬂﬂm"d In the Lisoncn of COTS, cora coeer westd incraase a ugsi. Y s el o e Theetats
Pl mln; e u| f fish stocks o d or vulnerabl w )10 mmnn the main causes of coral mortality by com-
hysical damage. reciimt stoc -~ Encangered or i nerahle bining field estimates of coral cover with observed and modeled
up sediment species such as shells, v-aﬂw«mw\muwm,mu prevent further coral decine u-d s canaci
Kicking up pecis onirol e < et environmental data: and () fo assess the Capacity of reefs o re
black eoral, turtles prave the out! the Great Barrier Reef. Such strategies can, ind to estimate future
however, only be successful if dimatic conditions are stabilized, as 1o those
losses due to bleaching and cyclones will otherwise increase.. "n‘m d
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The Oceans & Climate

“PLANETARY HOMEOSTASIS"
Negative feedback loop involving “cloud seeding” by DMS

phytoplankton
metabolite and
breakdown product

+ Cloud condensation
nuclei

+ Regulates climate

DMS is the most abundant
biological sulfur compound
emitted to the atmosphere.

CLAW Hypothesis update

The Oceans & Climate

Oceans are CO, sink
absorb 30%-50% of CO, emissions

long-term sequestration in
sediments (“biological CO2
pump”)

Photosynthesis fixes CO,

Calcification fixes HCO4

Deep ocean C storage

usjadsony pawnny ax) vy

The Oceans as CO2 Sink

7.2 billion tons/yr emitted s oot R £ ‘ ‘

|

16210 o+ 55:05 - 33202 -
naion bathen bamon

20208 = Approsimately
billon 2 bilion

declining pH

‘ S -

“A THC collapse is now widely discussed as one of a number of “low probability -

Thermohaline Circulation Collapse

Global ocean turnover driven by
density differences

Tranport to depths

OZ
. CO,

Global heat transfer

Turnover every ~1,000y

high impact” risks associated with global warming.”
- Stefan Rahmstorf, Potsdam Institute for Climate Impact Research

Climate Change Impacts on Oceans

Increased Mean Sea Surface Temperature

S50 Mt
e
L. aterel At €

Coral bleaching

Climate Change Impacts on Oceans

Anarraly
fraquency

- ‘H'gh

.i.
| ML

Increased Mean Sea Surface Temperature
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The Telegraph

Tropical fish & ng north because of global warming

Tropical ish are heading towards the cooler waters of the North Pole,
aceording to fa new study on
fish.

0 0O @ O © O
y Range shifts

Ocean Acidification

Adding CO, i the H*ion ation in

CO, + H,0 <= H,CO, <= H* + HCO, <= 2H* + CO.Z

Reduces carbonate available for calcifying organisms (link)

Dissolves calcium carbonate shells

Ocean Acidification

LTI T L= =g ===

Science News T —————

Ocean Aciddication: kmpact On Key Organiams Of Oceanic Fauna May ==
Be Worse Than Predicted

Impacts on fish?
(Munday 2010)

WA lawsuit (Clean Water Act & ESA) - limit CO,

Sea Level Rise

- — - - - »
Sea Level Rise Necent SeoLevelfae »_
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Rising sea level due to:
+ melting ice
« thermal expansion
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Sea Level Rise Sea Level Rise
Regions Vulnerable to Sea Level Rise

Declining sea ice extent

Height Above i ) !
Sealevelm) o 1 23 5 8 12 20 35 60 80
B o
Climate Change Solutions? World's b ngin--.qi-m;:

22!
experiment 'violates' UN rules
Geoengineering

Ocean fertilization experiments (with Fe)

« Feis limiting in ocean water; increase phytoplankton production

« Greater uptake of CO, — offset climate change! ©

Problems: unknown long-term
impacts, risk of harmful algal
blooms, ocean acidification,
deepwater anoxia?

International moratorium recently

violated
2012 . i
A Climate Change $olutions?
Geoengineering the climate: an overview #1 Solution is to Reduce Emissions!
and update #2 Facilitating Adaptation

« Natural and induced acclimitization

By ). G. Susrmenn®
k> = ENVIRONMENT

2 main classes:
« direct CO2 removal
+ solar radiation mgmt

Key findings include the following.

ACCLIMATIZATION
7 z

Geoengineering is not a magic bullet and not an alternative to emissions
ictions.
Cutting global greenhouse gas

emissions must remain our hi

i) But this is proving to be difficult. and geoenginceri v be useful to
support it.
Geoengineeri

;

very likely to be technically possible.

(i) However, the major uncertainties and potential risks concerning
effectiveness, < social and environmental impact
Much more research is needed, as well as public engagement and a svstem of SLECTION AND

regulation (for both deployment and for possible la le field tests).

ADAPTATION

Farental Generation (P} Offspring (F1)
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Climate Change Solutions?

Facilitating Adaptation

+ Natural and induced acclimitization

+ “Assisted evolution”

* Reintroduction of adapted phenotypes

Intarmity of Intarvention

Syrribiont Commanies

Actions et wamn s i [T

B vk

—

Applications

Q seanch The New York Eimes

Large Sections of Australia’s Great Reef Are Now Dead, Scientists Find

o BAMIEN CAVE sk ST LS
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