Gestao de Sistemas Aquaticos
http://gesaq.org

Instrumentos de gestao
Modelos simples de gestao, Integracéo

J. Gomes Ferreira
http://ecowin.org/

Ct

Universidade Nova de Lisboa

16 de Maio, 2011



http://ecowin.org/AE2010/

To

A

Screening models
Distilling information

Used for broad comparison and assessment
Relate pressure, state and response

May be ecosystem scale or other scales, e.g.
regional, fish farm

Are highly aggregated and easy to apply

Can be data-driven or use inputs from more complex
models

Are easily understood and interpreted by managers

Screening models synthesise information, and are quick and easy to apply



Screening models
Examples

OSPAR-COMPP  Eutrophication assessment EU, mainly NE Atlantic
ASSETS Eutrophication assessment US, Worldwide, EU
HEAT Eutrophication assessment EU mainly Baltic
DEPOMOD Local effects of finfish aquaculture  Scotland, elsewhere
MOM Local effects of salmon aquaculture  Norway, elsewhere
FARM Open water shellfish culture, IMTA  EU, US, China

POND Pond-scale culture EU, Asia

Useful for diagnosis, scoping, and comparisons
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Coastal eutrophication
Pressure-State-Response

Drivers
/o Agriculture 7 loss of fertilizer, etc
;7 Urban and industrial discharges
Aquaculture
Atmospheric deposition
Internal (secondary) sources (e.g. P from sediments)
Advection from offshore (e.g. N and P, certain types of HAB)
Pressure
;N and P loading to the
coastal system
 HAB phytoplankton
[
=

Al oadingo from of hor e
State
Response 2 Primary symptoms
. Fertilizer reduction [ Decreased light availability
. WWTP (sewage, industry) , Increased organic decomposition
. Emmission controls ., Algal dominance changes
. Sediment dredging etc ,» Secondary symptoms
Time... , Loss of SAV

. Interdiction (e.g. HAB events) , ::IOW OllciSISOIWGd oxygen
. Harmful algae



Conceptual model
of eutrophication

Direct effects

Atmospheric deposition

\ 4

N, fixation

Indirect effects

Runoff Nutrients Phytoplankton Zooplankton < Fish s
and ~» Elevated winter « Increased production « Changes in species + Changes
direct DIN and DIP and biomass composition = species composition
discharges  concentrations + Changed in species * Increased biomass « Less fish below the
, + Changed N:P:Si composition halocline
ratio * Increased bloom + Mass death due to
« Elevated DIP frequency oxygen depletion or

A, concentrations *» Decreased transparency release of hydrogen
frp due to release and light availability sulphide
o of nutrients « Increased sedimentation 3 . e,
adjacent from sediments . of organic matter e T
il due to oxygen b 5% B
depletion

Macrozoobenthos

= Changes in species
composition

+ Increased biomass of
benthic animals on
shallow bottoms above
the halocline due to
increased sedimentation

Submerged aquatic

vegetation

- Changes in species
composition

» Reduced depth distribu-
tion due to shading

» Growth of epiphytes and
nuisance macroalgae

Oxygen

= Increased oxygen
consumption
due to increased
production
of organic matter
* Oxygen depletion
* Formation or

+ Mass death due to release = Mass death due to oxygen release of
of hydrogen sulphide depletion or release of hydrogen
sulphide

Oxygenated sediments :



Assesment method indicators

Nutrient load

related to

Integrated
final rating

Comparisons
Method Name Biological indicators Physico-chemical
indicators
TRIX? Chl DO, DIN, TP
EPANCA Water Chl Water clarity, DO,
Quality Indext DIN, DIP
ASSETS® Chl, macroalgae, DO

seagrass, HAB
TWQI/LWQI3 Chl, macroalgae, seagrass DO, DIN, DIP

OSPAR Chl, macroalgae, DO, TP, TN, DIN,

COMPP’ seagrass, phytoplankton DIP
indicator species

HEAT* Chl, primary production, DIN, DIP, TN, TP,
seagrass, benthic DO, , water clarity
invertebrates, HAB,
macroalgae

IFREMERS® Chl, seagrass, DO water clarity,
macrobenthos, HAB SRP, TP, TN, DIN,

sediment organic
matter, sediment
TN, TP

Ferreira et al., 2011. Estuarine Coastal and Shelf Science,
http://dx.doi.org/10.1016/].ecss.2011.03.014
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AéSETS Assessment of Estuarine Trophic Status

Screening models and integration

ASSETS
case study

http://eutro.org/
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Symptoms and Consequences of Nutrient Enrichment

Consequences
of Symptoms

Increased High algal production Loss of SAV
N and P ‘ Loss of water clarity Low D.O
concentration Macroalgal problems Nuisance/Toxic blooms
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A_SS'/ETS I Conceptual Model

EXTERMNAL FORCIMNG PRIMARY SYMPTOME SECOMDARY SYMPTOMS

Decreaszed light

availability .
patial covera

g
Chlaraphyll 2 ! Coverage trend
Macroalgal growth

=

Increased arganic Low dizsolved oxvgen
Mitrogen an d decar position
] hos ] horus

Dizzolved oxygen
Chlaraphyll a
Macroalgal growth

Algal dorminance Harmtul algae

changes :
= Muizance algal blooms

Diatorns to flagellates Toxic algal bloorm=
Benthic to pelagic algae
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Key aspects of the ASSETS approach

Three stages...

The ASSETS approach may be divided . Tidal freshwater (<0.5 psu)
into three parts: —»  Mixing zone (0.5-25 psu)
\/ Division of coastal systems > . Seawater zone (>25 psu)

iInto homogeneous areas

\/ Evaluation of data completeness Spatial and temporal quality of

and reliability \ data?ZtS: completerlless
. - Confidence in results:
VAplecatmn of indices _ _
\ sampling and analytical
reliability

Influencing Factors (IF) index —  -----------3--- Pressure
Eutrophic Condition (EC) index ~  ------------/----- State
Future Outlook (FO) index — —--cooefmoe Response

S.B. Bricker, J.G. Ferreira, T. Simas, 2003. An integrated methodology for
assessment of estuarine trophic status. Ecol. Modelling 169: 39-60.
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Pressure i Overall Human Influence

¢ Calculate m, the expected nutrient
concentration due to land based sources Class Thresholds

(i.e. no ocean sources);

Low 0to <0.2

Moderate low 0.2to0 <0.4
C C_alculate m, th_e expected background o g
nutrient concentration due to the ocean Moderate high 0610 < 0.8

(i.e. no land-based sources);

C Calculate OHI as the ratio of
my/(M +my);

Equations are based on a simple Vollenweider approach, modified to account
for dispersive exchange:

Anthropogenic inputs I Ocean inputs
—’ —

Estuary

Bricker, S.B., Ferreira, J.G. & Simas, T. - An Integrated Methodology for
Assessment of Estuarine Trophic Status . Ecol. Modelling 169: 39 - 60.
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ASSETS - Assessment of State

Overall level of expression of

MODERATE
Primary symptoms high
but problems with more

serious secondary
symptoms still not being
expressed

High primary
symptoms

o

MODERATE LOW
Primary symptoms
beginning to indicate
possible problems
but still very few
secondary symptoms
expressed

Moderate primary
symptoms

o

LOW
Level of expression of
eutrophicconditionsis
minimal

Low primary
symptoms

MODERATE
Level of expression of
eutrophicconditionsis
substantial

MODERATE LOW
Moderate secondary
symptoms indicate

substantial eutrophic
conditions, but low

eutrophic conditions

HIGH
High primary and
secondary symptom
levels indicate serious
eutrophication
problems

HIGH
Substantial levels of
eutrophicconditions

occuring with secondary
symptoms indicating
serious problems

Lh

primary indicates other
factors may be involved

0 0.3 0.6
Low secondary Moderate secondary High secondary

symptoms symptoms symptoms
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Definition of Future Outlook (response) matrix
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