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Eutrophication -  Defintion & detection
Category I

Causative factors of 
nutrient enrichment

Atmosphere

I

Runoff and direct discharges
•Increased winter OIN and DIP
concentrations

•Changes In N:P:Si ratio

Inputs from adjacent seas
•Elevated DIP concentrations 
due to release of nutnents 
from sediments due to oxygen

(I' 'Photosynthetic 
' \ pigment 

! Chlorophyll-a 
(Chia) /

L . xygenated sediment ^

Category II
:t effects of nutrient 

ennchment

N.-fixation

Phytoplankton
•Increased production and 
biomass 

•Changes m species 
composition

•Increased bloom frequency

•Decreased transparency 
and light availability 

•Increased sedimentation i 
organic matter

S u b m e r g e d  a q u a t i c  
vegetation
•Changes in species 
composition

•R eduction depth distribution 
due  to shad ing  

• Growth of E piphytes and  
nu isance  i

•M ass death  due  to i 
of hydrogen sulfidey
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Category III
Indirect effects of nutrient enrichment

Zooplankton
•Changes in species 
composition 

•Increased biomass

Bacteria
•Increased biomass 
due to Increased 
organic matter

Benthos
•Changes In species 
composition 

•Increased biomass 
above the hatocline 

•Mass death due to O, 
depletion and/or 
release of H.S

Fish
• «Changes in species 

composition

•Less fish below the 
haloclme

•Mass death due lo O, 
depletion, release of 
H,S or algae toxins

t
Oxygen
•Increased O. 
consumption due to 
increased biomass

•O, depletion 
•Formation and release 
of H;S

'VI

Category IV
Other possible 

effects of nutnei

•Algae toxins

OSPAR, 2009

Anoxic & sulfured 
sediment

em  structure
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Characterising optical properties of coastal waters.
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ISECA satellite ground truth
Initial Validation 
data:
Initial in situ data set 
-500 pts. Due to the 
dynamic nature of 
coastal waters, match­
up time between in 
situ sampling and 
satellite over pass <1 
hr. With this criteria 
35 stations obtained.

Updated 
Validation data:
Further data 
obtained from the 
coasts of Portugal & 
Mediterranean 
(BOUSSOLE) to 
increase match-ups
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ISECA satellite Chia ground truth.
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Assessment of in situ versus MERIS Chia; Match-up time <1 hr.

Standard Chia (AP2)

Bias = 0.46 
Log RMS = 0.47 
r2 = 0.31; N = 85.
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Bias = 0.25 
Log RMS = 0.27 
r2 = 0.87; N = 85.
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OC5 Chia (Gohin et al)
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In Situ Chia (m gm ^)

85 Chia match-ups 2003-2010 using in situ data from North Sea (filled circles), Western English 
Channel (open squares), Portuguese Coast (open stars), Mediterranean Sea Fr (filled stars).

MERIS OC5 Chia more accurate than standard AP2 & OC3.



PML Remote Sensing Group

C ull CuÉM <1.2- a

30 March -  05 April 2013:
SW U K L 4 WEC
OC3 1-4; OC5 <1 mgnr3
SE UK plume
OC3 10; OC5 <2 mgnr3
Brittany Coast
OC3 1; OC5 0.5 mgnr3
Belgium Coast
OC3 10; OC5 <2 mgnr3

27 April -  03 May 2013:
SW U K L 4 WEC
OC3 >4; OC5 1 mgnr3
SE UK plume
OC3 >10; OC5 2-4 mgnr3
Brittany Coast
OC3 1-2; OC5 1 mgnr3
Belgium Coast
OC3 >10; OC5 5-10 mgnr3

5 to 10 fold difference 
between OC3 and OC5 in 
spring.



Definition -
Chia P90 is used to detect 
abnormal levels of Cha in an 
ecosystem & is the level at 
which 90% of observations 
are lower than this value.

Application -
It is used to identify the 
Eutrophication & water 
quality status by OSPAR and 
under the EU Water 
Framework Directive. A 
threshold is defined (15 in 
coastal and 10 mgnr3 
in offshore waters) 

and compared to the actual 
P90 value to determine 
eutrophication risk and non­
risk areas.



ISECA EO tools: detection of Phaeocystis blooms.

^P haeocystis  
globosa 

bloom 
detection.

Bloom indicator 03 -  09 May 2003.

GREEN -  No problem; RED -  further investigation.
The indicator product goes red if that specific day goes above the P90 Chia.



ISECA EO tools: detection of Karenia mikimotoi
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High Chia detected in indicator product

Bloom indicator 29 August -  04 Sept 2009.



Algal blooms in the Western English Channel: Karenia mikimotoi

Abundance of Karenia at WEC
M onth
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• High Abundance of Karenia : in 2005 &
2009 > 1000 cells mL_1

• Caused substantial oxygen depletion at depth in 
2009.

• Resulting in fish kills along the Cornwall coast. 

Barnes, Tilstone et al. PROOCE (submitted).
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Fishing stops a fte r  a lg ae  deaths
niRlr* SEE ALSO

► D ead  fish  d isco v ered  
on  b e a c h
14 Aug 09 I Cornwall 

» T h o u sa n d s  of d e a d  
fish  w a s h e d  up 
13 Aug 09 I Cornwall 

RELATED INTERNET LINKS
► C ornw all Council
► E n v iro n m en t A gency

► N ationa l M arine A quarium
► R ed Tide A lgae

► P lym outh  M arine L ab o ra to ry
► Shellfish A ssocia tion

Four shellfish ing  a rea s  a re  being  closed a fte r  th e  d e a th s  of 
th o u sa n d s  o f fish a lon g  th e  c o a s t o f C ornw a ll.

T h e  F o o d  S ta n d a r d s  A g e n c y  (F S A ) sa id  th e  te m p o ra ry  c lo s u re  w a s  a 
s e n s ib le  p r e c a u t io n  a f te r  a n  a lgal bloom  c a u s e d  fish  d e a th s  in S t  
A uste ll B ay.

S hellfish ing  is b e in g  s to p p e d  in th e  S t  A u ste ll b a y , Fai, F o w e y , a n d  
H elford w a te r w a y  a r e a s ,  t h e  FSA  sa id .

An a lgal b loom , k n o w n  a s  R ed T id e , is b e lie v e d  to  b e h in d  th e  f irs t  
d is c o v e ry  o f  d e a d  fish  in S t  A u ste ll B ay o n  T h u rs d a y  a f te r  w a te r  
sa m p le s  w e re  a n a ly s e d  b y  s c ie n t i s t s  from  th e  P ly m o u th  M arine



Examples MERIS FR (COASTCOLOUR) OC5 Chia.

ISECA - Enhanced 
capability of detecting 

Chia at high spatial



Conclusions.
ISECA Objectives:
• The scope of ISECA was to advance and disseminate scientific 

knowledge related to eutrophication in 2Seas selected area.
• The main objective of ISECA was to develop a technologically 

advanced and flexible information system for the detection of 
eutrophication in coastal waters.

To this end ISECA has:
• Used a combination of existing and new in-situ measurements 

and EO products to facilitate assessment of eutrophication in
2Seas area.

• Improved and validated at a regional scale of Earth 
Observation (EO) products.

U N IV E R S IT Y ^  VitoMarine
Laboratory GREENW ICH


