hreats to the marine environment

Climate change

o\ ff'*Fré‘gmentation and habitat

Overcharnvesting

Poliution



‘M

a on Cycle and
Cli ate Change in the
arme Environme '

Jr
.J'g 3

%ﬁ"

SR,
. = 7




Carbon Dioxide

® Greenhouse gas

Flux between ocean, land and the atmosphere:
— Land — living biota; decaying organic material
— Ocean — dissolved CO,; small creatures

MO NGETE Gl 2,000)GHEIeHRNEREM, 000 Gt C in
uooar gcezln arid 750GE C in ztrriogeg .
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Global Carbon Cycle
(in GtC)

60 < Atmosphere
<& 750
o 1.6
A% 90
6‘“\‘# > -5
R 20
() Fossil fuels and
: cement production
Vegetation 610 !
Soils and detritus 1580
2190 92
Surface ocean
1020
Marine biota
3
..... ——— 19.
(<} Z ()
Dissolved 6 _ |Intermediate and
organic carbon| deep ocean
<700 38,100

Surface sediment
150

(NOAA, 2003)




Crlelple]fgle Cean ﬂ5' nysicaliand,..

giemical Chal

= L=5°C increase Il
yrs
S lliansic ed INto
y\/_Jﬂ' er seas
anéés not uniform

— Somé cooling may be
:;f"—; __.eXperlenced

- — Salinity variation

:;e'

\‘



"Climate change may strongly modify biogenic
habitats such as those formed by foundation
species and assemblages including mangroves,
coral reefs and kelp forests”(Hobday et al.,
2006:12)




Physical and Chemical Deep ocean circulation patterns

. Wind patterns
Effects of Climate Change P

Chemical composition

A “Physical Effects of Ozone Ik
. demetion and enhanced e Stratospheric ozone levels

UV radiation ”
/. _ : ® Plankton
® Effects on biodiversity *  Fish
® Seabirds

Mammals

e Effécts on important
ecosystems

Polar Regions
® Deep Sea



Glacial er — reduces
salinity,

Ja;ur/ ﬁuced

Fed Jc.L ‘strength of

J‘}—‘ e‘hahne circulation

‘ mlts'transport heat
,.,,.areund ‘ocean

"' s Warmer waters in
~ Tropics — less dissolved
CO, — positive feedback




(Simms et a/. , 2004)
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Average number of cyclones: low moderate high

(1980-2000)

North
Atlantic

North East Pacific

South Indian Ocean

‘Low’ refers to less than one cyclone every three years per 0.002 dd?, ‘moderate’
between one every three years (o one every year per 0.002 dd® and ‘high' to one
to three cyclones per year per 0.002 dd?. The unit ‘0.002 square decimal degree
(dd?)' is equivalent to 25 km? on the equator, diminishing as latitude gets
higher.

* average based on eight years only. Sources; PREVIEW Global Cyclone Asymmetric Windspeed Profile, UNEP/GR|D-EQropé{f




Number of events

Trends in number

per year
o of reported events
All disasters
400 -
Much of the increase in the number of
hazardous events reported is probably due
350 - to significant improvements in information
access and also to population growth, but
Alldisastars irelide:. the nquer qf flggds and cyclones being
300 drought, reported is still rising compared to
earthquake, extreme earthquakes. How, we must ask, is global
temperatures, warming affecting the frequency of natural
250 - famine, flood, insect heoardan
infestation, slides, %
volcanic eruption,
wave / surge, wild
200 - fires, wind storm. 200 -
Earthquakes
versus climatic disasters
150 - 150 -
Floods
100 - 100 -
50 - quakes 50 | >0 .
0 T T B R O L b [ A | I 1 l
1900 1920 1940 1960 1980 2000 1980 1985 1990 1995 2000
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-~ * Coce ohthophores basis marine food chain (NASA, 2008)
_"""5 2100, 75% cold water corals

- o Changes could develop in decades not centuries (Orr et
al., 2005)

® (0.5 change in average pH by 2100 (c.f 0.1 over 200yrs)
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eGlobally — between 1 and 9
million species

eEconomic, and habitat relevance
eBleaching — 1-2°C warming

eAcidification

eDistributional change
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_Cold wate} corj‘l‘s_)- i
-
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eSeamounts and
continental rise

eHotspots of biodiversity

- eSlow growing

*75% affected by 2100
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eiidnging Oceans: ENSO/

ENIRGISouthern Oscillation —
rururJlly O urrlng fluctuation
Of = .ero_,,)rr iC pressure in
rur*mr" w h weakens Trade
WmJ i

= )..c._. cycle frequency and
&= dUration appear to have

- J.-—

;‘,\ ~ Increased recently

~ & North Atlantic Oscillation —
positive and negative phases

® Currently positive phase —
stronger winter storms
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3D View of the El Nino Phenomenon



Ozone Depletion: uv radiation

90% ozone found in stratosphere

10% troposphere

Filter mechanism

Stratospheric O; — lowest levels since measurements began
CFC's

Ozone hole may have peaked




@zone Depletion: uy -

SRANyEam o UV radiation:
czif) rr:J\ up torone and
aiialipkilometres through
r).11:‘—);%\“- before all the
rur iftlfrays are

= = completely absorbed.

f‘DISSO|V€d oXygen —
’degree of shielding

® 1987 Montreal Protocol
on Substances that
Deplete the Ozone Layer

o Long-term effects 15.0&“‘{;0”#1'80 © 740 270 300 330 360 390 420 450 .




Impacts of Climate Chapge
=
® Physical and Chemical " DeeD O g hatiens
Effects of Climate Changesii it
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o Physical Effects'oROzone” « O
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UV radiation N Tl

> Effects on biodiversity :i'::m“
Seabirds
Mammals

» !
Stratospheric.ezonetlevels

e Effects on important
ecosystems

o\ Polar Regions
* Deep Sea
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. Plankton
e

0 (“h Jfg to phytoplankton compOSItlon

> | yﬁabsorptlon varies per species

——

» =ez fféct on food chain — Californian zooplankton

e ._.g__.,‘-—

"'UV radiation — affects photosynthesis, growth,

-
-

- _reproduction and enzyme functioning




Blue = greatest loss

Black = no data

Phytoplankton changes

8

Summer Phytoplankton Levels
(NASA 2002)



1958-1981 1982-1999 2000-2002

Mean number of species per CPR sample

0.1

~ & Poleward movement of warm water species of plankton,
fish-and intertidal organisms in last 50 yrs

® Continuous Plankton Recorder (CPR) survey

e Copepods (crustacean) moved northwards by 10°
Latitude (~ 1000km) in 40 yrs (up to 1999) — trend
continues



Calanus abundance

10

0
1960 1965 1970 1975 1980 1985 1990 1995 2000

Years

Fig. 4. The abundance of Calanus populations in the
North Sea from 1960 to 2003. The percentage ratio of
Calanus finmarchicus (blue) and Calanus helgolandicus
(red) are shown in relation to total Calanus abundance in
each annual bar.
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Biodiversity:: Fish

® | Plankton — less foodifor
predators

® Polewards shiftin
distrbution — level
migration unclear

® (Change In species
COMposition

¢ Fconomic impact
 ENSO="mpact on:fish

e E@gds and larvae sensitive
to UV. radiation
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Response to climate change: Fisheries

® Jrawls between 1913 and
200

o' (@orrelation between, climate-
linkedi temperature shifts-and
SPEcies composition and
abundance

s Poor cod' /risoprerus minutusy
Butterfly. blenny. G/enius
ocellarisresponded positively |
to"Warming

®  Sputhern speciesssuch.as skate Year
and raysthave declined steadily
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- African HIE G R ES

R

2.6 billion people — 40%
world’s population — fish
make up a fifth of their
protein intake

oIn Pacific El Nino conditions
= could became near
| permanent

= eBadly managed — Nigeria,
Senegal, Vietham, Angola

Atlantic Cod Gadus morhua
(Pearce, 2009)



e
Marine Turtles ..

e Slow growth rate

eLife history characteristics

Changes to critical habitats
- eSkewing of sex ratio

eWave energy and
i storminess

eAlteration to timing of egg
laying









Seabirds

e Distributional changes

eAltered reproductive success

eNesting timing
- eLoss habitat

eCurrent alteration —
migration and foraging
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BIOUIVErsity: Seabirds -

SESICiVation = Alaskan
Jne.]rw,l_ rs.
NGtasim ’le cause effect
Elationship — Leach'’s
= JJ petrel

=%5 Hift in prey preference
= f_-i'Reproductlve SUCCESS —

- (Cassin’s auklets

® [ncreased storm activity
e Mobility
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o Energy expenditure — seals
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Impacts of Climate Change

- .
) ) o B ~an cit ~tio atternc
e PRVSIGAINaNG Nehemical Deej) geezlr) creulztion patisrns
e - Wirlel ezjttarns
deis of Clinpzite Crizlric)e Dceare i
Crigrriiczl corngositior)
ENSO arid NAO

- e

Ehie

Priysical Effects of Ozor)e
clgplation znd annanesd S g igise oseie Sl
UY radiztion T -
e PIankton

fiegis o) b]odh/fe -

W8 Seabifds

w Mamwi[ '- -




EEOSY/S

oS gideltic
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temperature changes

==r= PDecrease in coverage
~_and thickness Arctic sea-
ice

® Bloom of
coccolithophores
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DECUMERLEC

® AlCLIC SEal IGE

1975-19596

> Antarctic % f
per]Od 5 [

> Lland pres W on T 2% since 199(
> Show! coVeraM0% since 1966 in northern, .
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e not replicated over same
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qubal Sea Level Rise
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Vital role in carbon =
and nutrient cycling -"-‘s )

eBuffer ;" 4

eBiodiversity



- Buffer
eSediment
*Filtering
eHabitat

eNutrient and

>

carbon cycling




oShifts in distribution
and decline

eStorminess

-- -Changes in rainfall

eSpecies compositional
change — herbivores




» Species dlstrlbutlonal
movements — Acorn
barnacle £ : caria
bifurcata >
















