hreats to the marine environment

Climate change

o\ ff'*Fré‘gmentation and habitat

Overcharnvesting
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earoon Dioxide.

PAETEENNOUSE gasS
J rLJ,( r_er | veen ocean, land and the atmosphere:
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5'Deep ocean largest reservoir:

- —40,000 Gt C cf. 2,000 Gt Con land, 1,000 Gt C in
upper ocean and 750Gt C in atmosphere



T —

A > -
§lbal"Carbon, Cycle s

Hrurr Sy the5|s
Soil G cz rbon — respiration
==Y éFy?mg carbon sinks

R AT

sHuman activity effects
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| - ,1950 s — fossil fuel
-—;., -~ emissions exceed land
.~ usechange
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Global Carbon Cycle

(in GIC)
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Fossil fuels and
cement production
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"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)
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——e ’Effects on biodiversity

® FEffects on important
ecosystems
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- Deep ocean circulation patterns

Wind patterns

Ocean stratification
Chemical composition
ENSO and NAO

Stratospheric ozone levels

Plankton
Fish
Seabirds
Mammals

Polar Regions
Deep Sea
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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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SNEturally alkaline — pH 8.2

J \/\/erg water — reduced concentration
JJ?S‘e ved gases

= ® Exc erbate temperature rise

‘

§7~0’However less saline water can hold more

e
—

-~ CO, — glacial melt
® Aragonite reduction




) ﬂhthospores — basis marine food chain
""5 2100 /5% cold water corals

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

® (0.5 change in average pH 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




e . A 3 '., ‘. !\\">‘ "\d ~ \ . ht : -'. . .
. - =% ‘“J # : ’» ~ :‘ '.-..ql. -..'O
IR 5 f%"”z & ""aﬂ LA SRS RS

Lastweek questlons.................

What has been the recent trend (last 20 yrs or so)?
What is the current status of this phenomenon?

How does an event occurring in the Pacific affect
global weather patterns?




Ozone Depletion: uv radiation

90% ozone found in stratosphere

10% troposphere

Filter mechanism

Secondary pollutant — low level ozone

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 .
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affects larval cod




1958-1981 1982-1999 2000-2002

Mean number of species per CPR sample

~.Lﬁ_

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



B]od]v'

r r.m_,rer of f“JJ‘.)JJ’J rer ,
JJr)ner' to other trophic

le '.-' =

J
J \/J r,JJ Ur C ep OCean organism

2 redlctlons largely
- JI nown

._’A___

(P

, e
v
-.!.

:‘/
-

=% ;;,_’ _ngmg wind patterns and
= ~ stratification — | primary
~ productivity —» { CO,

sequestration

® Deep sea affected by reduction
In carbon input



flefs ;_{O phytoplankton composition
_' n%bsorptlon varies per speues

‘0 :ElV radlatlon — affects photosynthesis, growth,
- reproduction and enzyme functioning

e HABs — harmful algal blooms
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= & cloud cover
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A- : “sea temp extend geographical
—=$ange species not currently here
~ — PSP associated dinoflagellate
- Gymnodium catenatum
(MCCIP, 2011)
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'o’

/in year —
lai 1 cod need
C ' 3 certain size

s _’ = = ~‘ water
| -.»-eeepepods bloom later
~ inthe summer -

- _young cod require

large food by then
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eGlobally — between 1 and 9
million species

eEconomic, and habitat relevance

eBleaching — 1°C large scale &
~ regular mortality

eAcidification

eDistributional change
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Y HENIROTEN ESSHOBUN 0T
predators

J Holew_lr,lp in distribution
s=evel ru, atlon unclear

2 Chs]ﬂ" ﬂn species composition
=>- Fcc @mlc |mpact

N

h’ .

3‘ ENSO — impact on fish

-

~ e Eggs and larvae sensitive to
- UV radiation

“» Difficult to differentiate from
over-harvesting/disease
Impacts
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Exotic species in northern North Sea - Red Mullet Mu/lus
surmuletus; anchovy Engrauliagae spp. (Beare et al.,
2003)

Atlantic bluefin tuna 7hAunnus thynnus returning to
south-west England (Carrell, 2012)

Southern species - snakelocks anemone Anemonia viridis
moving north; Topshell Gibbula umbilicalis

Seabed species — not such dramatic changes:
— Northern stone crab Lithodes maia moving north

— Common Tortoiseshell limpet 7ectura testudinalis
reduced recruitment rate




Species distributional changes

Abundance:

— Pacific oyster Crassostrea gigas — a non
native. Population increasing

— |Mussel productidn by SOO/B‘“ﬁ%‘C tin temp NI
and Scotland (Carrell, 2012)
Structural changes:

—Horse mussel Modiolus modiolus. Large bed
forming — complex habitat with diverse fauna
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= ;-0:"P_oor cod Jrisopterus minutus ,

—= —  Butterfly blenny Blenius
ocellaris responded positively |
tO Wa rmlng 903 92 3 1945 1965 1085 2005

® Southern species such as skate
and rays have declined steadily

Mean annual 88T (°C)

Year



- 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 Increases in wind
affecting upwelling
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Marine Turtles ...
e Slow growth rate

Changes to critical habitats
eLife history characteristics
*Skewing of sex ratio

- «Wave energy and
- storminess

eFood chain benefits -
jellyfish

eAlteration to timing of egg
laying



- Seabirds __2

_— -

e Bio-indicators -
distributional changes

eAltered reproductive success
eNesting timing
eLoss habitat

—]

—_ *Current alteration —
~ migration and foraging

*9% |number breeding birds
in UK 2000-2008 (MCCIP,
2011)



BIOUIVENSITY i Seabirds J"'
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Neezis ple cause effect
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% Shift in prey preference

: o Reproductlve SUCCESS —
~ (Cassin’s auklets

o Increased storm activity
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J r{r‘d_JCEJJN Il slugielzigles o

prey ff,;* L

EIET J\/ pendlture — seals
alaisealilions

J J',)éi" water species thriving

~*-Po aT’speues suffering
«~corfsequence of diminishing
~ice sheets

& (Cetaceans — changes in
distribution

"-'-

-—"’

® (Collisions and noise pollution!
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“e Bloom of
coccolithophores




While Arctic sea ice reaches a record
low, Antarctic sea ice reaches a hew
maximum!
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SEITILEH K Jowledge
2 JJvéu "|n Ocean muds
J 1ct|ons — uninformed guesses

a]uctlon in thermohaline circulation — ¢
= '@2

"o Warmer water - | primary productivity - {
organic matter
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2007) underestimated rate of sea
e did not include Greenland &
te |c Ice sheets

assumptlon that net loss Greenland
"f:-f"“-e ‘balanced by gain in Antarctic by 1snow

- ‘ ‘Satellite imagery shows that more is being
~ lost to sea than gained in Antarctic

(Ananthaswamy, 2012)




d a - straction
ure as
»+ arms

| '; -a further

: ; ;5._‘«;;{3? | to sea level by
= 2100 (Rahmstorf,
”2'012)

e Net contribution in
future!

#




Sea level rise

¢ 1mm pa in north-east Atlantic but 88cm higher
than present day by 2100 (McCarthy et al,,
2001)

e Call for more coastal defences reduce extent
~ of intertidal areas

i Rlsmg sea level & coastal defences = coastal
- squeeze - .. ARG

. ® Stepping;stone for spread of organlsms

~ - ®-If seq allowed to- breach — new habltats o
L 1agoons e T SRR et



Cozlsie 'Z‘Oﬂe_‘;:;

SWAGGElerated coastal erosion
J /J \1\ 1sh coastlines impacted currently.
2 ater intrusion into fresh groundwater

,,J . -machment of tidal waters into
= ,u:estuarles and river systems
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Cozlsiie 'Zone“_.,'

SNe0Nal reefs, mangroves and salt marshes
\ulrwr‘ ble

BftERGland, 40-100 hectares saltmarsh
= 10S! ~annually (Eccleston, 2008)

_, »\/ertical accretion rates and space or
- horizontal migration

t——

o Ecosystem resilience reduced where there
are also human influences

gt



eVital role in carbon =} |
and nutrient cycling -""Q

eBuffer . !...

eBiodiversity —
crustaceans fish
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- Buffer
eSediment
*Filtering

eHabitat —fish,
crabs, prawns, birds

eNutrient and - TR T
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oShifts in distribution
and decline

eStorminess

-- -Changes in rainfall

eSpecies compositional
change — herbivores




* Species diSi:T'ibutionaI -
movements e




+se the key points which ewdence
te change impacts in the marine
onment ..... A useful revision task.
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-;ﬁext time: Overfishing and flags of
convenience



