CIIMAR
Curso de formacéo

Nursery Ground Ecology

Formadores: Richard Nash
Joana Campos
Vania Freitas

Manual do Curso

Qeca M sdwteri ¢ ciimar [WPORTO

grants




CRAPLEIL ...t —— XXXXX F
Chapter2d P o PP PP PP PPPPPPDPPPPPPPPPDPPDPPDPPH DD
Chapter3d PP PP PPPPPPPPPDPPPPPDIPPDPPDPPPPDPDPDDPDP P
Chapterd @ P PP PDPPPPDPPPDPPDOPPDPPDPPDPPDPDIPP DD DD D4RD ¢
Chapter5d P PP PP PP DPPDPPPDPPDPPPPDPPDPPPDIPPDPPDPDPDPDD
Chapter6d P PP PP PP DPPDPPPDPPDPPDPPDPPDPIPPDIPPDIPPDOPDPDDD
Chapteri @ P PP PDPPDPPDPPDPDPPDPPDIPPDIPDPDIPD DD DD DD DIPBD ¢
Chapter8Bd PP PP PPPPPPDPPPDPPPDPDPPPPPPDOPDPPDPDPPDPDD
Chapterad P PP PP PPPPPPPPDPPPDPDPPPPPPDOPDPPDPDPPDPDD
Chapterl0 PP P PPDPPPPPPPPDPPPPPPPPDPPDPPPP DD RO D

Chapterl1d d PP PP PPPPPDPDPDPDPDPDPDPPDPDPPPPPPDPDPDD D D«



Chapterl

Introduction
Background and aims of the course

Richard Nash (Institute of Marine Research, Bergen)



Background and aims of the course

Importance of nursery grounds in the life cycle and ultimately recruit of
fish populations

Juvenile stage often though too difficult to work with and hence not
studied or ignored

An integral part of the recruitment process which needs to be consideret
in the stock to recruitment relationships

Few to no specific courses specifically targeting nursery ground
processes



The course should bring together a multi disciplinary group that

will cover the background and insights into the investigation of
fish nursery areas from theoretical to applied matters, behaviour
to ecology, sampling to analyses, degradation to management
and cover a range of habitat types. With an increased awareness
that spatial planning is needed in marine ecosystem
management, and the increased interest in such measures as
marine protected areas, there is a need for young researchers
who are knowledgeable about the functioning of fish nursery
areas and how these areas can be investigated



Chapter2

Marine Strategy FrameworkDirective
(DirectivaaQuadro Estratégia Marinha)

Joana Campos (CIIMAR)
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A coupledsocicecologicakystem..
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...but how do we keepit Greenat the same time?
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The MarineStrategyFrameworkDirectiveg
An ecosystembased approacho management

Marine Strategy Framework Directive (2008/56/E®)SFD

shallapply an ecosysterhasedapproach tahe management ohuman
activities, ensuring that

C the collective pressure of such activities is kept within levels compatible
with the achievemenbf goodenvironmental statusand

C that the capacity omarine ecosystemt respond to humarinduced
changes imot compromised,

C while enabling the sustainablese of marine goods and services by pres
and future generations

C Regional cooperation and coherence (4 regions and agions)



Protection
Overallobjectiveof the Directiveisto achieveor maintaina
GoodEnvironmentalStatus(GESHf marinewatersby 2020

Sustainability

Ecosysterrbased and integrated
approach to the management of all
human activities which have an impact
on the marine environment.

Common
Regional approach to implementation,
and coherence between Marine Regions

10



GoodEnvironmentalStatus

G O KeBvironmental status of marine waters where these provide
ecologicallydiversev andv dynamig oceansand seas which are clean,
healthyand LIN2 R dzQMBRDArS 3(5)).

In addition, GES means that:

A Thedifferent usesmade of the marine resourcesare conductedat a
sustainablelevel, ensuringecosystenservices

A Ecosystemsare fully functioning and resilient to humaninduced
environmentalchange

A The decline of biodiversity causedby human activities is prevented
andbiodiversityis protected

A Humanactivities introducing substancesand energyinto the marine
environmentdo not causepollution effects

11
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Regibes e sulegides marinhas contempladas pela DQEM.
Fonte: adaptado de EEA (2012).

Portugal
Slovenia
Cyprus
Spain
ireland
Bulgaria
Italy
United Kingdom
Malta
Sweden
Greece
Romania
Finland
Lithuania
Latvia
France
Denmark
Estonia
Netherlands
Paland
Belgium

Germany

% marinewaters
coveredby Natura 2000 (2011)

Portuguesesovereignty
over
77%o0f the waters

sovereigntyover
37%o0f the waters

20 30 40
% national sea covered
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Six-year review
of the different
elements
of the strategy |
2018-2021 4

Implementation
of the
Marine Strategy

I Initial assessment,

objectives, targets
and indicators

2012 (+ 6 years)

Monitoring
programmes

MAIN ELEMENTS OF A MARINE STRATEGY:

Initial assessment of current environmental
status of waters and the environmental impact of
human activities and socio-economic analysis
(by 15 July 2012)

Determination of GES (by 15 July 2012)

Establishment of environmental targets and
associated indicators (by 15 July 2012)

Establishment of a monitoring programme for

2016 A \ 2014 ongoing assessment and regular updating of targets
= (by 15 July 2014)

* Development of a programme of measures designed
to achieve or maintain GES (by 2015)

Review and preparation of the second cycle
(2018 — 2021)

Programmes
of measures
20156

European Commission. 2013eas for life- Protected- sustainable shared European seas by 2020.
DG Environment, Brussels

START
Assessment of
the state of the environment
and pressures,
initially in 2012

‘_‘\/ Review results
and update

Common
EC cniteria
on good GOOd
environmental status Environmental
(to be agreed in 2010)
status
(2020)

Establish precise objectives,

plus targets and indicators (2012) Implementation

2

Establish monitoring programme (2014)
Establish programmes of measures (2015)




Table 1. The qualitative descriptors for Good Environmental Status (GES)f.

#  Goal of qualitative descriptor Abbreviated name of Pressure or state
descriptor descriptorf
(D1) Biological diversity is maintained. The quality and occurrence of habitats and the biological diversity state

distribution and abundance of species are in line with prevailing physiographic,
geographic and climatic conditions.

(D2) Non-indigenous species introduced by human activities are at levels that do not non-indigenous species pressure
adversely alter the ecosystems.

(D3) Populations of all commercially exploited fish and shellfish are within safe biological commercial fish pressure
limits, exhibiting a population age and size distribution that is indicative of a healthy
stock.

(D4) All elements of the marine food webs, to the extent that they are known, occur at food webs state

normal abundance and diversity and levels capable of ensuring the long-term abundance
of the species and the retention of their full reproductive capacity.

(D5) Human-induced eutrophication is minimized, especially adverse effects thereof, such as eutrophication pressure
losses in biodiversity, ecosystem degradation, harmful algae blooms. and oxygen
deficiency in bottom waters.

(D6) Sea-floor integrity is at a level that ensures that the structure sea-floor integrity state
and functions of the ecosystems are safeguarded and benthic ecosystems, in particular,
are not adversely affected.

(D7) Permanent alteration of hydrographical conditions does not adversely affect marine hydrographical pressure
ecosystems. conditions

(D8) Concentrations of contaminants are at levels not giving rise to pollution effects. contaminants pressure

(DY) Contaminants in fish and other seafood for human consumption do not exceed levels contaminants in pressure
established by Community legislation or other relevant standards. seafood

(D-  Properties and quantities of marine litter do not cause harm tothe coastal and marine marine litter pressure

10) environment.

(D- Introduction of energy, including underwater noise, is at levels that do not adversely energy and underwater pressure
11) affect the marine environment. noise

TEuropean Union 2008
{Following Cochrane et al. 2010

14



For each of the descriptors,
criteriafor assessing progress towarG&ES
as well agndicatorsrelated to them, are provided:

L 232/14 [EN ] Official Journal of the European Union 2.9.2010

COMMISSION DECISION
of 1 September 2010
on criteria and methodological standards on good environmental status of marine waters
(notified under document C(2010) 5956)
(Text with EEA relevance)

(2010/477[EU)

Descriptors of state, pressure and
impact

e '--:. .;.;‘ u \
BIODIVERSI
TY INVASIV
UNDERWAT E
ER NOISE D1 SPECIES
D11 D2
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AL FISH &
MARINE MOLD%SKS
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D10
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POLLUTION

D9

EUTROPHI
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ENV.
POLLUTI D5
ON HYDRO SEAFLOO
D8 GRAPHY
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http://www.dgukenvis.nic.in/An algal bloom of Cochlodinium sp.JPG
http://www.dgukenvis.nic.in/An algal bloom of Cochlodinium sp.JPG

Descriptorl ¢ Biodiversity
Specied evel

Indicator 1.1.¢ Specieslistribution
1.1.1Distributional range
1.1.2Distributional pattern within the latter
1.1.3Area covered by the species (for sessile/benthic species)

Indicator 1.2. ¢ Populationsize
1.2.1Population abundance and/or biomass, as appropriate

Indicator 1.3.- Population condition

1.3.1 Population demographic characteristics (e.g. body size or age
class structure, sex ratio, fecundity rates, survival/ mortality rates)

1.3.2 Population genetic structure, whea@propriate

16



Descriptorl ¢ Biodiversity
HabitatLevel

Indicator 1.4. ¢ Habitat distribution
1.4.1Distributional range
1.4.2Distributional pattern within the latter

Indicator 1.5. ¢ Habitat extent
1.5.1Habitat area
1.5.2 Habitat volumexhererelevant

Indicator 1.6. ¢ Habitat condition
1.6.1 Condition of the typical species and communities
1.6.2 Relative abundance and/or biomass
1.6.3 Physical, hydrological and chemical conditions

Indicator 1.7.¢ Ecosystenstructure

1.7.1Composition and relative proportions of ecosystencomponents
(habitats and species)

17



Descriptor3 ¢ Commerciafish and shellfish

Criteria3.1.¢ Level of pressure of the fishing activity
Primaryindicator
3.1.1Fishing mortality
Secondary indicators
3.1.2Ratio between catch and biomass index

Ciriteria3.2. ¢ Populationsize
Primaryindicator
3.2.1Spawning Stock Biomass (SSB)
Secondary indicators
3.2.2Biomass indices

Criteria3.3.- Population age and size distribution
Primaryindicator

3.3.1Proportion of fish larger than the mean size of first sexual
maturation

3.3.2Mean maximum length across all species found in research
vessel surveys

3.3.395 % percentile of the fish length distribution observed in
research vessel surveys

Secondary indicators
3.3.4Size at first sexual maturation

18



Descriptor4 ¢ Foodwebs

Criteria4.1.- Productivity (production per unit biomass) of key species
or trophic groups
Indicator 4.1.1Performance of key predator species using their
production per unit biomass (productivity)

Criteria4.2.- Proportion of selected species at the top of food webs
Indicator4.2.1Large fish (by weight )

Criteria4.3.- Abundance/distribution of key trophic groups/species

Indicator 4.3.1Abundance trends of functionally important selected
groups/species

19



Assessing cumulative pressures and
Impacts-
e.g. a spatial approach

Cumulativehumanimpacts

33 pressurelayers

A4

Nutrient Cable
s s
Harbour Aphotic

porpoise mud

Land use (CORINE 2006)

W Lrton fatec. industriel sreas, etc Catchments
o %
, Wetands s O
28 ecosystem components Source: HARMONfoject
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Chapter3

Samplingmethodsin coastalnurseny

habitats

Ester Dias (CIIMAR)



Nurseryarea

0A habitat is a nursery for juveniles of a particular speciesif its
contribution per unit areato the productionof individualsthat recruit
to adult populationis greater,on average than productionfrom other

habitatsin whichjuvenilesoccute

(Becket al. 2001)

Nurseries

Seagrass beds

I ! ., _ v R, )
Coral reef Coldwater Rocky reef Open ocearb 2
corals



Nurseryarea

Productionreachingadult population dependson a combination of

processes
- successfutecruitmentto juvenilehabitats
- adequategrowth in thesehabitats

-adequate survival both within juvenile habitats and during the

migrationto adult spawninghabitats

-density,

- biomass

- stableisotopes
» - otolith microchemistry

- geneticmarkers(....)

Factorscontributingto site-specificvariationin nurseryvalue
a) abiotic- depth, physicechemicalparameterstidal regime
b) biotic - larvalinflux, food availability predation competition
c) landscape- habitat size shape connectivity

- relative locationto larvalsupply adult habitatsand other

juvenilehabitats
23



Strategiesof field sampling

V Surveyobjectivesmust be clearly defined at the beginningof the

samplingprogramme

- sampling strategy, gear, samples handling and

processing
V Formulatetestablehypotheses
- surveydesignedo test the null hypothesis
V Preliminary sampling

- test gear, define the number of samples/habitatsto

sample

$ $

Temporal scale Spatial scale
GF NBSG &LISOASa Qdidtribufids of @aiy& spScies
(literature or exploratory) life cycle

24



Surveydesigntypes

|. Systematidesign
- absenceof prior information;

- information is collectedat stationspositionedon a squaregrid,
or alongparalellequallyspacedransects,or alongzigzagransects

with a constantvertexangle

Systematic sampling , 4

s 2 ":'—-_ ol
P 5 S i) N
BVl 7’,)‘ ~—~—— A% 4 e .: \ == 5 ¥ \é
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Il. Randomdesign

- phenomenonstudiedlacksstructure or it is not important;

- stationsare determinedby a random procedure(table of random
numberg

- applied in homogeneouspopulation or substrate (moderate

heterogeneityimplieshighernumber of samplesor high varianceg
EXx intertidal areasof sandbeaches

lll. Stratifiedrandomdesign

- placesstationsor transectsrandomlywithin predefinedstrata;

- strata must be important in determiningabundancédistribution
of the target species

- it attemptsto avoid a conspicuoussourceof error with the pure

random design,namelythat due to the placementof stationsor

transectsin closeproximity;

- allowscomparisondetween similarstrata

26



I\V. Preferentialdesign
- prior informationis available

- more effort maybe placedin someareasthan in others.

V. Haphazardlesign

- stationsandtime for samplingselectedwithout scientificrationale
- quadratsor transectsare placedin haphazardlychosenareas

- maywork if areasarelarge

I\, Preferentialdesign
- prior informationis available

- more effort maybe placedin someareasthan in others

V. Haphazardlesign

- stations and time for sampling selected without scientific
rationale

- quadratsor transectsare placedin haphazardlhychosenareas

- maywork if areasarelarge

27



Samplingmethods

x Abiotic data
V Positioning: GPS

V Physicechemical data:
temperature
salinity
conductivity
dissolved Q
turbidity
oxidation reduction potential (ORP)
total dissolved solids (TDS)
pH
total suspended solids (TSS)
chlorophylla
nutrients

V Depth

V Sediment

28



Samplingmethods

x Abiotic data

Laboratory

Macroinvertebrates

Plankton




C Plankton
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Phytoplankton

Sampling: composedsdiscrete

Inverted microscopy «
Microphytoplankton

Epifluorescence microscopy

Pice and nanophytoplankto«
Autotrophic vsHeterotrophic

Van Dorn water
sampler

31



Benthic phytoplanktoridiatoms)

RCoarsesubstrate,rocksor artificial substrate

ATurbulentflow, not shadedareas

A100cm? of samplingarea

Oxidationof organic ~ Permanent slide  Optical microscopy
matter preparation 32



Zooplankton and Ichthyoplankton

AConventional methods

Water bottles and pumps

+ Adequatefor habitatswith highanimaldensity

+ Volumefiltered canbe measuredmorereliable
+ Depthof samplings controlled

+ Abioticdata collectedin the samplingocation

Discrete samples
Micro-Mesoplankton
Biomass estimation
Larvaestagesnot
collectedwith nets

- Smallsampling
volumes.
-200mdepth
pumped(MULVPSIp
to 1000m).

33



Zooplankton and Ichthyoplankton

AConventional methods

Simple net samplers

Small netsvertically
integrating (Micre
Mesoplankton)

Largenets- vertical, obliquely,

horizontally integrating (Mes«
+ Ease to use, and low cost. Macrop|ankton)

+ High sampling volumes
filtered.
+ High depths.

- Time required for sampling,
sorting and identification.

- Escape, avoidance, net clogging.

34



Zooplankton and Ichthyoplankton

AMultiple net instruments

+ Collect multiple plankton samples.
+Carry sensors to measure water
properties (e.g. temperature,

salinity/conductivity, depth/pressure,

phytoplankton fluorescence/biomass,

Continuous Plankton
volume of water filtered, net speed). Recorder

Longhurst Hardy
Plankton Recorder

-Time required for sampling,

: -3 sortingandidentification
MOCNESS - Bulksample CPRLHPR)

35



Zooplankton and Ichthyoplankton

AElectronic optical or acustical
systems
+ High resolution in horizontal/vertical
plane.
+Higheroperatingrange (horizontal~ 100
Kms)
- Expensive?)

- Speciegevel

ROV with Sonar

The VPRIs an underwater video microscopethat imagesplankton and
particles in the size range from 0.1 mm to 1 cm. The VPRsystem
automatically identifies the plankton and displays their distributional

patternsin realtime. 36



C Macroinvertebrates

_
Surface
; sealestuary
| floor
Shallow water
Petersen Grab
systems Soft bottoms - » 3
’ e
Quantitative Van Veen Grab

analysis (by T &
area)

Smith-Mcintyre
Grab

Deep sampling
Quantitative
analysis (by
area or volume)

Soft sediments

Vertical sampler or corer

Paleoecology



C Pelaqgidish
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C Demersaland Epibenthicfish

Non selective
High bycatch (non target species and
small sizes)

Destructive of sea and estuaries floor

38

Beach seine

Beam trawl



C Traps

W

Fyke net

Stow nets

Pots

GEARS IN THE WATER COLUMN

Drift nets close to surface Purse semne close o




C Othertechniques

Sara C. Antunes

Echo sounding

Acoustic tags

40
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Chapter4

Conditionindices
Growth and Conditionindices

Rita Vasconcelos (Centro Oceanografia, U. Lisboa)



High juvenile density
Enhanced

Enhanced survival
Recruitment to marine populations

Potential nursery grounds vary:

Habitat quantity and quality
(natural and anthropogenically driven)
Biological processes

43



Estuaries

Transition between marine and freshwater ecosystems

Productiveand valuable ecosystems

Important for numerousspeciesparticularly as nursery
groundsfor juvenile marine migrants

The guild approach to categorizing estuarine fish
assemblages: a global review

Michael Elliott”, Alan K Whitfield®, lan C Potter’, Stephen | M Blaber®, Dighy P Cyrus’, Frank G Nordlie® &
Trevor D Harrison”

Marine environment Estuarine environment Riverine environment

44



dzi A 0 Q& eftRaliet £ f | 0 2 d:

coastal areas are also important nursery areas for numerou
marine species

Quantitative description of habitat suitability for the juvenile

common sole (Solea solea, L.) in the Bay of Biscay (France)
and the contribution of different habitats to the adult population

Olivier Le Pape™*, Florence Chauvet®, Stéphanic Mahévas®, Pascal Lazure,
Daniel Guérault”, Yves Désaunay®

( A
s

& -

From1985to 1997,11

independentcoastalbeam
trawl surveys(representing856
trawl hauls)for juvenile | —
flatfish species =

45



Main estuarine nurseries in Portugal
And main fish species inhabiting them

Minho
Lima

Douro

Riade Aveiro
commonsole flounder

(linguado) (solha) Mondego
Soleasolea Platichthysflesus

Sado '

el Sy <

Mira
Senegalesesole seabass commontwo

(linguado do Senegal) (robalo) bandedseabream
Soleasenegalensis  Dicentrarchiebrax (sargo safia) RiaArade

Guadiana

increasein length or weight over a period of time

fish health, 3 S f  m GuBitloyaHsEate, energyreserves

Achievingincreasedsizethrough rapid growth is usually
believedto reducethe mortality of youngfish.

Because:

1t NB Riitn® Spéntin vulnerable early life stages

R S O N&erisiivyaf youngfish to physicalfluctuations
I £ fcahsudptionof largerprey

1t NB R dz0esability to predators




In nurserygrounds,GROWTHind CONDITIONanbe
influencedby:

availadigty?2 R
rature S Y LJS
X

ut,isit canalsoalso show:
deperd¢n@el U e
gradrdggciossbkitudinal gradients
X

4H33® A43A1

Andit canalsobe influencedby:
T | ydbritaNdtighI Sy A O
Tt X

Severalmethodologiesfor quantifying growth and condition in
juveniles:

O

> b‘j)
bj)C

O
N

A Z

Tt 5A
Tt Ly

Directgrowth rate measurements

Directmeasurementf growth over a knownperiod of time

Many experimentalapproachesquantifyK 0 A G F Gk & A G Sma L.

enclosurécaging

growth directly in the field using: o ] ,
YI NJ mNBOI LJU dzNX
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Enclosureand cagingexperiments

Somewhatlimited use (difficult to implement).
Possiblebias of results (changesn behavior, movement feeding

Experimental investigation ol spatial and temporal variation in
estuarine growth of age-0 juvenile red drum (Sciaenops ocellatits)

Jason M. Lanicr. Frederick S. Scharf * FYL R
¢ Adults spawnin waters a
Absolute growth =changein W (g) or L(mm) , djacentto passesand
g e inlets. settle in habitats
5 : s | Near inlets, anddisperse
_ o0 oo O throughout the estuary
decreasein § uoe >, ) ."‘ B
growth rates Sl T Smm | 1 -
through time R mmEEL
and faster i H B BB
growthrates £ ° . s v
in central "% 1.7 5 4 5
estu ary Raglan southem contral nartrern
Fig 4 Weight-specific (mstamtanecas) gowth of ciged sged) md
drum al eoch of wx oxpermmental sites for the entire expermental
period (53 davel Hortwetal knes of differoet hetohas sbove hox plots

Mangroves and seagrass beds do not enhance

growth of early juveniles of a coral reei fish

Monique G. G. Grol, Martijn Dorenbosch, Eva M. G. Kokkelmans, Ivan Nagelkerken®

e A b c
nhal y da@dseagrasdedsare CURACAO ARUBA
consideredimportant nursery groundsfor ?, - "m

variousspeciesof juvenile reef fishesdue
to their higher abundancesn these
habitats comparedto coralreefs.

! ififassumedthat these putative
nurseriesprovide juvenileswith:

e
Y 2 dudter
T K A FodSaddllability \\
T K A Hri§v@MEind survival rates N

Butis this what happens?
Measured:
t/ 2 LIS Lixeptanktbrny

Tt Wdz@ @JVCbrﬁESt t r ertance ~ ' - 5”,5“‘ ama \\
1T Wdz@ Grovihfrafes — - — -

T Wdz@ &byinkldn&es

Frenchgrunt
Haemulon flavolineatum

“\2

~‘:.
:ja'rmw,;%’ué s




a | NJ 1t NB &petidieazaNIS

Limited use: often very low recapture rates

Annual Stability in the Use of Coves Near Inlets as Settlement
Areas for Winter Flounder (Pseudopleuronectes americanus)

MARY CARIA CURRAN' AND KENNETH W, Ame®

Mark/recapture of recently settled individuals6 m o mm TFiL):
Tagged>1,000juveniles 1%recapturerate!!!

Movements of juvenile black sea bass Centropristis striata
(Linnaeus) in a southern New Jersey estuary

Kenneth W. Able™*, L. Stanton Hales. Jr®

Mark/recapture of recently settled individuals:
31%recapturerate

Absolute growth rates G = (TLrecapture Tlmarking)/ days

Fastest growthin summer(0.74 mnTam ),
averaged0.45 mm dtfrem spring through fall

spawnson the
continental shelf,
usesthe inner
continental shelf and
estuariesasnurseries

49



Indirect GROWTHRATEestimation

Modal progressionanalysisof length frequencyanalysis

Widely used Bhattacharyamethod

et —
.'. 2 \
Growth rate = (Lengthat U matt Y - I\\
ro e ) \
/6 e R S
Differences in growth rates of juvenile Solea solea and -
Sofea senegalensis in the Tagus estuary, Portugal
Heornpue Calyal .ll'l |l
Tejo 2.3k
(a) V.F.Xira " | "
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(' Ut ‘. |l [(igntiw l
. \
(b) Expo [ AlcoEhed 1
It ' . I “l'.
2 : ‘ Seras i )
e Gt | :
£E \ \k Montl]o ' " |
] \ II
< © s e aRsSERDES?

Gdiffered between speciesandad A (1 S & = X

AGR (mm.day )

1.00

07 ~——0-gr [ Cobort |
«« o = 0gr/ Cohort

0.50 —— 0-gr ! Cohort I

= et 1-gr [ Cohort |

<« &~ 1gr | Cohort Il
~0—1.gr | Cohort Il

0.00

Cohortl of n 1t 3 N@lididulalstended to havehigher growth rates at the beginningof
the colonizationperiod, suggestinghat:low juvenile density at the beginningof
estuarinecolonizationperiod may favour a rapid growth for the first recruitsto arrive.



Otolith microstructure analysis

Countand measure widthof otolith daily/annual increments:
bandedseabream

Andthen estimatedaily/annualage
&0 I O1 m O individldal gtowitls

Diplodus vulgaris

Otoliths canrecord particular life history events
and canallow retrospectivelyestimatinggrowth in different life stages:

t NBmaSiadt SySy i
Growth during  Metamorphosis andluration of this life stagein days
t2adn{ SGdt SYSy i

commonjollytail Galaxiasmaculatus

settlement mark (wider daily increments)
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Growth and condition indices in juvenile sole
Solea solea measured to assess the quality of

essential fish habitat
R. Amara"*, T. Meziane?, C. Gilliers', G. Hermel', P. Laiiargue'
51°8'N N Southern Bight of the
0°32'W North Sea (SBNS)
+ Site 1

Fishgrowth rate

Eastern English Channel (EEC) S

Site 5

Site 6

Age estimation in common sole Solea solea larvae:
validation of daily increments and evaluation of a
pattern recognition technique

Frangoise Lagardere'*, Hervé Troadec?

A
Growth and condition indices in juvenile sole _ LT
Solea solea measured to assess the quality of = > %% g1

essential fish habitat

R. Amara"*, T. Meziane’, C. Gilliers', G. Hermel', P. Lafiargue'

off ¢ :‘: s
bdy A Growth rate =
E:-é ! ;; ’Y~ /,Z—- pnaet of “v.ni"v:l o e A~ -
£ ib SN o Lat capturetdat Y’ 2 dzi K 1 2 (Adsny/days:
2 after Y 2 dz(il K m 2UBK/S Q13Q
x2r
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02488 »tioan) O
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Growth and condition indices in juvenile sole
Solea solea measured to assess the quality of
essential fish habitat

R. Amara'*, T. Meziane®, C. Gilliers', G. Hermel', P. Laiiargue'

Growthrate =
Lat captureTt atY[2 dzi K rt2@a8ny A y 3
/days after Y 2 dzil K 1 2 RISKEAG3

01l | _:_ - | . .

0.0- : - L l - T !

02. | ‘

—pad 4

Gvariedbetween0.39to 0.90mm

CompareG between sites.
But: Ldiffered between sites.

Gwassignificantlyrelated with SL.
Solutionimplemented: Taavoida

/ g confoundingeffect of fish size,usethe

residualsof the linear regressionbetween

20  -10 10 20 30 20 5'0 610 SLandG
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Recentotolith growth index:

Measuringthe width of the peripheraldaily incrementsof the
otoliths (for examplel0 lastdays,or other).

Width of otolith dailyincrementscanbe usedwhenalinear
relationshipexistsbetweenfish sizeand otolith size

W7 y=0.091x-15.65
R*=0.77

= 12 e
g N= 193
E
E 100
3
T 0
-
g
% 60

a0 T T T T 1

#0 200 1000 1200 1400 1600

Right sagitta radius (gan)

Comparison of growth and condition indices of juvenile flatfish in different
coastal nursery grounds

Camille Gilliers®®, Rachid Amara®, Jean-Pierre Bergeron® & Olivier Le Pape”

1\
:
-

~
N
N
RN
e

Sovet dails sxcrerncnt widlhs (amy

sole Soleasolea
dab Limandalimanda
plaice Pleuronectes platessa



Calibrating and comparing somatic-, nucleic acid-, and otolith-based
indicators of growth and condition in young juvenile European sprat
(Sprattus sprattus)

Myron A. Peck **, Hannes Baumann 3 (atriona Clemmesen ¢, Jens-Peter Herrmann®,
Marta Moyano?, Axel Temming *

Recentgrowth index: last 3 days

Narrowrangeof L (37to 57 mmLS)
But:In sprat OlWincreaseauntil metamorphosisat

4 n n mmbSandthen declines:aR2 YS ma K| LIS
relationship.

Solutionimplemented: Applyto all individualsa
correctionfactor (FOIWXo normalizeincrementwidths

to the meanLSof spratusedin the trials

§§ 6.0 A

g © Growth Trials

B 50 ® Temperatura Trials

s

c

o 40 +

8 t

5

£

g 20 OMW = -0.742(20.979) +

0.409(0.149)7-0.012(0.005) T*
10 r3=0693.nl1§.

6 10 14 18 22
| Temperature {*C)
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CONDITIONNDICES

Morphometric condition indices(e.g.C dzt (ikzghdltion factor)

Nucleicacidderived condition indices(e.g.RNA:DNAatio)
Protein content

Lipidderived condition indices(triacylglycerols sterolsratio)

RNA:DNA Ratio and Other Nucleic Acid Derived Indices in
Marine Ecology

Maria Alexandra Chicharo * and Luis Chicharo

Condition indices for conservation: new uses lor evolving tools

R. D. Stevenson'" and William A. Woods, Jr.'

The Origin of Fulton’s Condition Factor—
Setting the Record Straight Richard D. M. Nash

Antonio H. Valencia
Audrey J. Geffen

C dzf UKzghaten tactor
Simple

Widely usedin fisheriesand fish biology studies.
Intendsto describethe condition of an individual.

Assumption:heavierfish for a givenlength are in better condition/
g St f 1aooBustyess

K=100x (Weight/ Length ) - Vilaine Estuary
Scalingfactor applied to bring the factor closeto 1.

y - 3E-Dx
HE < 097

Kassumessometric growth

Wet welght (g)

and a cubicrelationship between length and weight: =
W=al ,whereb=3 e B @ @& @ o

Total length {mm)




Morphometric condition indices(e.g.C dzt {ikzghdition factor)

Someissueswith the assumptionthat heavierfish for a given

length are in better condition:

Issue:C dzf UKasS@rieshat growth isisometric,
but in manyspeciegt is allometric (shapechanges),
with br 3inW=akt:

Solution:an adaptationof K,for exampleY 100x (W/L )

Solution:usethe residuals
R=logW¢ logW
W isthe observedbody mass

length¢massrelationshipfor all fish caught).
W isthe computedbody mass(accordingto the logged

Comparison of growth and condition indices of juvenile flatfish in different
coastal nursery grounds

Camille Gilliers*®, Rachid Amara®, Jean-Pierre Bergeron® & Olivier Le Pape®

‘g_ Vilaine Estuary
~ 8- 2607
o ;. y = 3E-06x32897
= R?=0.97
.g’ 6
5 5-
= 4-
o 3
; 2 ,a//
1- =
0 . .
0 20 40 60 80 100

Total length (mm)



Someissueswith the assumptionthat heavierfish for a given

length are in better condition:

Issue:Totalweight alsoreflects changegelated to reproduction
(increasein gonadweight) andto veryrecentfeeding(stomach
weight)

Solution:useEvisceratedVeightinsteadof Total Weight

Other condition indices(beyondC dzf (Kkzghdltén factor)

Seasonal patterns of winter flounder Pseudopleuronectes
americanus abundance and reproductive condition on
the New York Bight continental shelf

M. J. WuenscHer* T, K. W. ABLE* anp D. Byrnef

D2 Yl R2 m{n@X1G=180QM /M, )

http://iwww.nefsc.noaa.gov/fbp/reproduction/

58



Other condition indices(beyondC dzf (Kxghdltén factor)

Seasonal patterns of winter flounder Pseudopleuronectes
americanus abundance and reproductive condition on
the New York Bight continental shelf

M. J. WuenscHer* T, K. W. AsLe* axp D. Byrnej

I SLI 42 mhdexIHI1aoM /M)

Somefishesstore significantamountsof energy(in the form of lipids) in the liver, with
seasonafluctuationin liver size

But others store lipids in somatically,and liver massmay be appropriateindicatorsof r
ecentenergyintake (feeding)but lessrepresentativeof overall (longerterm)
condition.

Lipid derived condition indices

Indicate lipid storageand nutritional status

inid Il se of biochemical indices for analysis of growth
Llpl content in juvenile two-=potted gobies (Gobiusculus flavescens)
of the Baltic Sea

ANDREA FROMMEL and CATRIONA CLEMMESEN

Growth and condition indices in juvenile sole
Solea solea measured to assess the quality of

Triacylglycerols:Sterols ratio essential fish habitat

R. Amara'*, T. Meztane’, C. Gilltors', G, Hermel', P. Lattargque’
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Nucleicacid derived condition indices(RNA:DNAatio)

Nucleicacidquantificationand subsequentRNA: DNAratios>arewidely usedto assess
nutritional condition and growth of larvaeand juvenile fishes

Thebiochemicalindex RNA:DNAeflects variationsin protein synthesisrates (thus
recentgrowth) as:

nwb ! 0 NJadid)opraadiraohcBangeswith food accessibility
and protein requirement

while DNA(Deoxyribonuclei@cid) somaticcontent remainsrelatively
constantfor eachspecies

1t f U praldding a recentpicture of overall fish condition.

RNA: DNAvalueshavebeenpositivelycorrelated with recentgrowth,
food availabilityandwater i S Y LIS NJ (i dzNB X @

Growth variability of juvenile soles Solea solea and
Solea senegalensis, and comparison with RNA : DNA
ratios in the Tagus estuary, Portugal

V. F. Fonseca™, C. VINAGRE AND H. N. CABRrRAL

T'agn ostunry

{t1°N ) . V. F. Xim /a\
Atlantie | portugal ‘ b 3558 T (0
Ocennn ) . [ JU
/ 1 km £ AN
I "-‘
f

Teg v / MY

ostuary™s

B

S - x‘ %' A8 Lisbon / 4
v ' “ Abenchute
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Solea senegalensis Alcochete
Solea solea VFX .
o Solea senegalensis VFX

o
Nucleicacidde:{/edcondition indice$(RNA:DNAatio)

50t

45 ;\ ﬁ.
4041 7 - N :
ar ¢ \ o
351 I'\\ ' N =]
- \\ \] L
= 304 \ %.\
= e N
v 2.5 4 = \
< \ 3 )
Z 9204 N\ - ;
2 - I »
15 4 \ I ~ NG
10 —d l{\
0:51
00 ’
g8 8 8 8 B 2 8 g 3 3 3
S, = = % & - > P B & =
= 5 =2 = =" o =
s B8 = & & o z g = 3 2
Month

RNA: DNAatios decrease with time spent iastuaries,therefore

with fish age andength

Solea solea Solea senegalensis
«

/

16

a)
14 1
1-2 a
o~ \'\
1, 107 \\
g 08 1
5 06 . :
0-4 “\‘-. t 0
02
00

Thedecreaseof seasonaljrowth rateswith fishagewassimilarto
seasonabariation of meanRNA:DNAvalues.Thusthe RNA:DNA
pattern of juvenile S.soleaand S.senegalensiseflected growth and
estuarinecolonizationpatterns
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Nucleicacid derived condition indices(RNA:DNAatio)

Juvenile fish condition in estuarine nurseries along the
Portuguese coast

R.P. Vasconcelos **, P, Reis-Santos?, V. Fonseca®, M. Ruano?, . Tanner?®, M. Costa™®, H.N. Cabral *®

p RN
LY S

sole flounder
Soleasolea Platichthysflesus

Senegalessole seabass commontwo
Soleasenegalensis Dicentrarchudabrax bandedseabream

Diplodus vulgaris

Juvenile fish condition in estuarine nurseries along the
Portuguese coast

R.P. Vasconcelos **, P, Reis-Santos?, V. Fonseca®, M. Ruano?, S, Tanner?®, M.J. Costa™®, H.N. Cabral *®

Despitearestricted lengthrange(p n mdpn Y Weremovedthe effect of length:
m) there was a correlation wb! Y5b! QIl'wb! Y5b! moaf 2L
between fish length and RNA:DNA

y=-0.3x +13.333 : .
R? = (0.964*



Nucleicacid derived condition indices (RNA:DNAatio)
Juvenile fish condition in estuarine nurseries along the
Portuguese coast

; P a a . ; ; at ) ab
R.P, Vasconcelos **, P, Reis-Santos?®, V. Fonseca®, M. Ruano?, S, Tanner?®, M. Costa™”, H.N, Cabral®

Solea solea

a
<
z
2
<
Z
[

Fulton's K*

S.solea  neg.correlation with denS|ty

P.flesus neg.correlation with density and temperature, pos.correlation with depth

D.vulgaris neg.correlation with salinity
D.labrax: pos.correlation with temperature

Long-term patterns in estuarine fish growth across two
climatically divergent regions

Zot A, Doubleday' « Christopher Tzzo' < James A, Haddy® < Jeremy M. Lyle® -
Qifeng Ye' « Bronwyn M. Gillanders'
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Blackbream Acanthopagrusbutcheri
SalGdzr NAYy SmdRS LISy RSy
pletesits entire life cycle

within anestuary




Conditionindices& Growth ¢ and life strategies

) ‘ | .t ’ »,-‘-.'l- \ ¥ :.' A \ Y
drtidl migration: growtn varies petween

T T Y| S S — T4
resiaent and migratory fisn

Bronwyn M. Gillanders', Christopher Izzo', Zoé A. Doubleday’ and Qifeng Ye?

Murray Riverestuary: e

Blackbream
62%resident = Acanthopagrus butcheri
38%migratory P Saildzr NAYSTRS

_ : 1% completesits entire life
1t B $hesefish show z I\ cyclewithin an estuary

different growth rates? - \'\

C dzf GKmArgidally greater
in migrantsthan residents

Forboth residentsand migrants, growth decreasedwith increasingage;
but the rate of decreasewas greaterin migrants

0.
g 04 L
Deteriorating conditions (drought) : \~F mlgr_ants
may explainthe reduction in growth E - e\ M{d’f_\_._
of resident black breamthroughtime 2 N\ 4
?- » / \‘:/)’
//esidents
< 0.8 i ‘ .
1900 1995 2000 2008 2010

growth year
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Growth & Condition:Relationships

After 2 weeksof food deprivation: T"RNA:DNA Gweight
n[ A addBpleted 1 e et
1 D NRigwieight, RNA/DNAand S

WYNGVNY

[Protein]F NBy Qi

1t Bleaning:juvenile gobiesrespond ;; oK S
to food deprivation by rapidly using 17
their lipid storesto sustaingrowth. .| *Proteincontent *
s

RNA/DNAnot correlated with
6SATIKITCHAIS OA FAO

B} ioid

%

L Protein

[ A LJA RTNE drSyARBratest & SR | g% al
correlatedwith  SA I K (i TGA LIS OAFA O L ~
rates. «{ Lipidcontent . «{ Gweight

nha S Ksjuyedil¥gobies 1.
mature, lipids becomethe main i
determinantGin weight.

At this stageRNA/DNAno longer

actsasagoodindicator for recent
growth basedon weight. Te s tRNA/DNAasindicator of growth and create

al S Y LIS NI { dzNBrmdel$ot tie fieRiS v

“&T D apids
" 52

Calibrating and comparing somatic-, nucleic acid-, and otolith-based
indicators of growth and condition in young juvenile European sprat
(Sprattus sprattus)

' b -1 :
Myron A Peck ™, Hannes Baumann *°, Catriona Clemmesen “, Jens-Peter Herrmann °,
Marta Moyano?, Axel Temming *

K,RD,OIWexplainedTt n 1t ¢ofés{in weight or length).

In feedingtrials: RDtrackedchangesn Land W, OIWonly trackedchangesn L.
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Calibrating and comparing somatic-, nucleic acid-, and otolith-based
indicators of growth and condition in young juvenile European sprat
(Sprattus sprattus)

Myron A. Peck **, Hannes Baumann *%, Catriona Clemmesen ©, Jens-Peter Herrmann *,
Marta Moyano?, Axel Temming*

K,RD,OlWexplainedt n 1t dpf€5{in weight or length).

In feedingtrials: RDtrackedchangesn Land W, OIWonly trackedchangesn L.
The3 indicatorsafford different time windowsof inference:dzLl2 y NBTF¥SSRAY 3 X
Kwasvariable(not recommended) RDincreasedrapidlyd o 1t OIRW/SI@&vesto M1 TMH RO ¢

14 K Unfed Phase Refeeding Phase 4
0 -&- RNA/DNA
140 .y Otoliths

Patternsreflect
preferential
. a allocationof food
100 4. 1 energyto restore
: A i . body massin

A Vi W K o recentlyNB TS R
s prior to fish
v increasingboth mass
andlength
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Nucleic Acids and Protein Content as a Measure to Evaluate
the Nutritional Condition of Japanese Flounder
Paralichthys olivaceus Larvae and Juveniles

Woo Seok Gwak

M TT v &RINA/DINAfHE whole body of fed andstarvedK | G OK S NEB 7t
rearedlarvalandjuvenile.

H TT v &INADNAIfEd larvaeand juvenilesto evaluatetheir
nutritional condition.
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Nucleic Acids and Protein Content as a Measure to Evaluate
the Nutritional Condition of Japanese Flounder
Paralichthys olivaceus Larvae and Juveniles

Woo Seok Gwak

1nQuantify RNA/DNAIn the whole body of fed and starvedK I (i O K S NEarmaNdBdjuNddile.
H TT v ®INADINAIFWEID larvae and juvenilesto evaluatetheir nutritional condition.

A « A "v_
t NBrYSalF Y2 NLK2|gxd"
Metamorphosjs®- v |

’ ! 2aGlmaSal Y2 NL

/o

mwb ! k 5 b !differeNbefiveed fed and | |
starved fish, drastically as starvation |
proceeded

ma I Niudugtionsin RNA:DNAluring
ontogenyd LINBTYS G+ Y2 NLIKA O3
metamorphic,LJ2 A G mY S G I Y2 NLIK A
nmCAStR aidl NBDSR TAaK
(settling stage) fish during the late season
of settlement

Growth & Condition:Estimatinggrowth from conditionindices

Validating the relationship between the two estimates

Assumption:
Instantaneousgrowth rate in mass(G)
islinearly related to RNAconcentration(R)

G=d r+I] W

Development, validation and field application
of an RNA-based growth index in juvenile plaice
Pleuronectes platessa

B. ). Crormi*f, T. E. TarceTT*, R. D. M. Nasui, R. S. BatTv§, 67
M. T. Burrows§ AND A. J. GEFFEN]|




Development, validation and field application
of an RNA-based growth index in juvenile plaice
Pleuronectes platessa

B. ). Crotmi*f, T. E. TarGeETT*, R. D. M. Nasui, R. S. BaTTv§,
M. T. Burrows§ aND A. J. GEFFEN||

G=l & +I W
b 12 16
006 L
1- - . ‘s . 1 .:;
3 om . 1 245 e ofe o °
.i MR :‘“i ..::.-5’ . - “.'.' . .
o 1| & ’;, * Kogene o a;r
00 -t

T T T ; T T T T T
| 2 3 | 2 i | 2 L |

RNA concentration (mgpya £ae mass’

But additional physiologicallyrelevant variablesalter this relationship

Temperature body mass, DNA:

G=d r+]T o+ ] AN R

M

¢ al 5

RNAconcentrationbeganto respondto changesin feedingwithin 8 dgys,
suggestingthat the index reflects growth rate in the & K 2 NIi m & S NJY @

RNAconcentrationbeganto respondto changesir) feeding within 8 days,suggestingthat the
index reflects growth rateinthe & K 2 NJi. t i S NJY

Tempe ra tu re pbody mass,DNA:

G=i r+it = w W R ¢ & 5
a)
004 S .
In the field:
» 1Growth of juvenilesvariesin spaceand
"§~ 002 4 N time andisa dzo mt Y | knjaté Savfimer
e \ T ¢ MiSociationbetweentemperature
’g \ and growth in the field suggestghat growth
3 000 \‘/4\‘ at is not controlled by temperature
[
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Growth and condition and other patterns in nurserygrounds

Connectivity between estuaries and marine environment: Integrating metrics to
assess estuarine nursery function

R.P. Vasconcelos®*, P, Reis-Santos?, M.}, Costa®", H.N. Cabral*?

ih.

sole flounder

Soleasolea Platichthysflesus

4

.

Senegalessole seabass
Soleasenegalensis Dicentrarchudabrax
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Table 2
Summary of metrics used to assess nursery function of main estuaries of the Por-
tuguese coast

Metric Description

Potential contribution of estuaries (measured in the estuarine environment)

Density of juveniles in important sites for juveniles
in the estuary (individuals km =)
Area of important sites for juveniles in the estuary

LKm”
Total number of juveniles in important sites for
juveniles in the estuary (individuals
Condition of juveniles in important sites for
juveniles in the estuary (RNA:DNA ratio)
n of estuanes (measured in the marine environment
Overall contribution ol Number of adults identified to the estuary (% of

the estuary to adult analysed adults)

Ton per uni Number of adults identified to the estuary per unit
area of the estuary to area of important sites for juveniles in the estuary

adult subpopulations (% of analysed aduits)

Juvenies in estuarine habitat Adults in marine habitat
Density _ Habitatquantty _____ Number ____ Habidatquaity Overall Per unit area
(inds k™) (% of oll stes) (km?) (% of all juvendes) (inds ) (RNADNA) (% of all adults
[ "
S. solea [

o m UL » - C—— N Powe L

N
RA L . = ‘ = = e 7 l‘,.R;aooAvm
. - Nursegy

No(—
'
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Juvenies in estuarine habitat Adults in marine habitat

_E%)_ . Habitat quantity Number ..__.__L_HW uai Overall Per unit area
(inds (% of all sites) (km?) (% of all juve: juvendes) (inds. ) (RNADNA) (% of all adults)

S. senegalensis M

Mo m @l @1 py — e
3)3

(g E=gE= =
=

0 800’ EH Nurufy
Mira

0 5x10’

Juvendes in estuarine habitat Adults in marine habitat
__@_ig%). Habitat quantty Number Habitat quality Per unit area
(inds. (% of oll stes) (km?) (% of all juvendes) (inds. ) (RNAIDNA) (% of all adults)

P. flesus

> (e ) ) (S (> @8 ”'

RA—_Q-_\KNg —

™ 5 —: Mondego
o 12x10° @ @ 30x10° 6 ﬁ
Sﬁo
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Juvenies in estuarine habitat Adults in marine habitat

__%. Habitat Number Habiat quaiity  Overall Per unit area
(inds (% of oll stes) (km?) (% of all juvendes) (inds. ) (RNAIDNA) (% of all adults)
D. labrax L
DL ( /T‘ B S

(W C— ) Douro /b
RANESSSS [\ omm - 2 Ria de Aveiro

Y G @ O EJH&

T-_(‘/__QO_—_ D@ A

S%@—_@-

Mtr-__._,_®-—®-_._‘m@ (1\
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W

% j
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Relationshipof growth and condition with habitat degradation

Multi-biomarker responses to estuarine habitat contamination in three fish
species: Dicentrarchus labrax, Solea senegalensis and Pomatoschistus microps

V.F, Fonseca**, S. Franga®, A. Serafim®, R. Company?, B. Lopes®, M.J. Bebianno®, H.N. Cabral*

Riade | I
Sedimentchemicalcharacterization [Aveiro ’:‘;; T VEXi
. . R u _'A'T‘ r'} ar
Metal (copper zing nickel leadand chromium) |. Al @
PolycyclicAromatic Hydrocarbon(PAH) 2 [l
§ N | G
z o ,ﬁvura') - Lisboa / /2 Akgchete
Biomarkersof exposure activities of

superoxidedismutase(SOD),
catalase(CAT)glutathione peroxidase
(GPy, ethoxyresorufirm ldeethylase
(EROD)glutathione{ 1 0 NJ y(&ITH N~
and metallothionein concentrations(MT).

Biomarkersof effect: RNA:DNAatio,
protein and lipid content

Condition and contamination:

D bbtvax

fish from highly polluted sites:
T a A 3y anffokidauht ghiazymeinduction

il ] I T |j u_ h l “J_J H.I/'J 2 Ndadition (dfecreasedR.:D).

R8) fish from the leastimpacted site
I nt f Aedzyrhefiduction

mw
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Condition and contamination:

Growth and condition indices in juvenile sole
Solea solea measured to assess the quality of
essential fish habitat

R. Amara®*, T. Meziane®, C. Gilliers', G, Hermel®, P. Laifargue’
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Condition and contamination:

Habitat quality of estuarine nursery grounds: Integrating
non-biological indicators and multilevel biological responses in Solea
senegalensis

V.F. Fonseca’*, R.P. Vasconcelos?, S.E. Tanner”, S, Fran¢a’, A. Serafim?, B. Lopes®,
R. Company”, M.J. Bebianno®, M.]. Costa*, H.N. Cabral*

Indicator Metrics
C Environmental D Water temperature; salinity: mean depth; percentage
of fine fraction in the sediment
Sediment metals (Cd; Cu; Zn; Ni; Pb; Cr) and total PAH
on concentration

ropogens Percentage of bank regulation; dredging; interference
pressure with the hydrographic regime: river flow and dams;
sediment metals and total PAH concentration; number
of industnies; population density; shellfish quality:
usad agricultural surface area; intensity of port and
marina developments; intensity of commercial and
recreational fishing
Biomarkers Antioxidant enzymes (CAT, SOD); biotransformation
enzymes (EROD, GST): metallothioneins (MT); kpid
peroxidation (LPO)

Condition Condition factor K; RNA:DNA ratio; muscle protein
content
Density Juvenile S Senegalensis density

T B b dzMiiakiyNiBsessmentdasedon <;> e
anthropogenicpressureand fish biomarker R —— L —
were very similar. 'E =

ben

sitescould have contributed to lessenthe !

—
—
potential hazardoushiologicaleffects of l :

.
.

exposureto anthropogenicstressors resulting
in fairly goodcondition and high density.

.
o
.

?E
THClI P2 NI 0 f S chgitdrisiNRIlY Y & o
: lesserthe —
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Chapter5

Otoliths versuscontamination

Alberto Correia (CIIMAR)



OTOLITHSNHAT ARE THEY?

hiiz2zf AGKa r CAAaAKQa s

(L \ What are they ? / What do they do?
W\ \{_,.’_.;‘ Sound Detection / Orientation Water Column
’if—,‘_f S\ | /FEOAdY /1 ND2YLGS /2y
W/ Important Proprieties

Acellularand Metabolically Inert Structures
Chemical Composition Reflects Water Environn
Non-stop Growing / No Reabsorption Phenome

L

Severalapplications in biologicakciences:

Age Determination
Growth Rates
Mortality /Recruitment Rates

Migratory / Environmental History
Life History Events

Systematic / Taxonomy

Stock Identification

Population Structure

Indicator Aquatic Pollution 77



he¢h[ L AGE ESTIMATES

[
i
) Fisheries Research
RN S

Age, growth and reproductive biology of the European conger eel
Conger conger ) from the Atlantic Iberian waters

AL Correla* ™ S Manso* | Coimbea®

EACPAUT ERNTRANELCENT ~omatO UTOMARONA, (R TANE

% EDGE

ABSOLUTEMARGINAL DISTANCE (mm)

BN FEB MAR APR MAY JLL AGU NOV DEC
TINF

G:' fsln

Validation of otolith daily increments in early juveniles
of shanny Lipophrys pholis
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h¢hL¢TRACKING SOME LIFE HISTORY EVE

Mz Biokyy Q002) (4) 165173
DOT 101007 500 2701006 78

AL AT

AT. Comeia  C. Antmes  J. Colmbra

Population strocture and connectiy ity of the Earopenn comger eel BMS of the m life Iisla'y of the Eu n conger eel (cmga_

(Cgey comger ) s the sartheemtern Athntie sad westorn

Medierraneant imtegrasieg solecular and otdith demontd conger) inferred from the otolith microstructure of metamorphic larvae
approa hes
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An evaduntion of the ofolith characteristics of Conger

Age, growth, distribution and ecological aspects of Conger conger _ i .
leptocephali collected in the Azores, based on otolith analysis conper daring et smorphs
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SOMBEOFTHEMJUSEBDTOLITHSOELUCIDATE THBEROPEAN CONGHR.IFE
CYCLE
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GEOGRAPHIC DISTRIBUTION AND HABHAHE EUROPEAN CONGER

Some Speciesinformation

Marine benthicfish
Sandyandrockyshores

Shoreline to depths of 50

NE Atlantic (Norway to Senegal)
including Canary Islands, Madeira
and Azores Mediterranean and
western Black Sea.

Commercial and recreational fish
species

Life cyclepoorly known

INFORMATION ABOUT TARVAL MIGRATIOBF THE EUROPEAN CONGER

1. Schmidt (1931)

Caputureof smallcongereellarvein the Sargasso Sehllediterranean
andNEAtlantic

Spawningn the Sargasso Sea, following lartrainsoceanianigration
to Europeanand NorthAfricancoasts
Similarmigratory behaviourto the European eel

o

(Schmidt, 1931) | i




INFORMATION ABOUT TARVAL MIGRATIONF THE EUROPEAN CONGER

2. McCleaveand Miller (1994)
{ OKYARG QA& O2y 3ISNJI Edoricepd | NI S | NB )

A species with an overlapping numbemayomeres described later by
Kanazawa (1958)

3. Strehlow et al. 1998
Oceanographic cruises: spatial aediporal distributionsof larvae
Larvaldeveplopment

SpawningMediterraneanSeal JulySeptember

f?m’.:rj';
S==t=t=T (f’( First short growth period: the larvae (>30
| e (;_,j_ mm) start migration, around November, in
& aNWdirection, namelyto southern
S—t—t—1T—T—® Portugaland Spainextending into the
ans| s findpons | eastandcentral zones of the Atlantic.
A 4 — "
| |
[t A LR Secondgrowth period: lasting until the
0 O OO beginning of summer(130¢150 mm to a
(1700 o2 fusss jnarl T : :
Sl nan T maximum length of 165 mm), after which
|_ ek LG they start migration in the direction of the

l e coastal waters of the continental shelf, with &
" possible return to the Mediterranean.

Strehlow et al. 1998 81



OTOLITH MICROSTRUCTURE OF CONGER EELS LAR\

SAGITTA OF RREMETAMORPHIC. CONGER LEPTOCEPHALUS

(Correiaet al. 2002,2003)
INCREMENTS WIDMSSR:CA RATIOS

— .-.I [
E I.I “= —~
=3 w -
N—r | | .. n ‘9'
S o 1 =" =
E = 2 )
S o BN B 1 I = o
= I_.r 5 '#. =
c i e b i Y
g |4 Fh |7 J 8
L] L] P
g i | 'll_ 4 b !"..:l )
1 = b
E | V¥ b ff
- i 5. #
N Lo
DI GZ7: Daveloping Laeptocephalus Growing Zone
N ARROW: Metamorphosis Onset

WIZ: Wide Increments Zone
Ne Spots NZ: Diffuse Zone



WHAT IS THE MEANING OFWHEEINCREMENT3ONE?

SAGITTA OF METAMORPHIC.OCEANICUEPTOCEPHALUS

v therement Caountabie
W one (1ICZ) f

v “ /\

9»’-‘*‘“'/ 100 um

X AYONBI &S horthd@nes(Shido &
Hwang 2004)

X KA3IK YSil o2 lekelCorreia 2
et al. 2006)

WHAT IS THE MEANING DECREASHBF
DECREASE SRN103

Catabolism of theglycosaminaglycansduring
metamorphosis(Otake etal 1997)

(Correia et al. 2004)

WHAT IS THE MEANING OF DHE-USE
ZONE

Several hypothesis:

A veryslow otolith growth zone? (Antunes
& Tesch 1997)

A signal of pause in the vertical dial
movements ? (Williamson et al. 1999)

Aprocess of calcium resorptiom the
otolith? (Cieri & McCleave 2000)

A technical problemaver-etching? (Araiet al.
2002)

83



THE CONGEEELEARLY LIFE HISTORMNG OTOLITHS

First Feaang
Chack

Accessory Growth Care

Comnama  Shaf and
a Connema Svope N Cossta walers

(Correia etal. 2006)

BY USINGTOLITHMICROSTRUCTUREb ! [ . { L{ hC

‘ | 33 g :
. r | ‘..; [ = -
i A /-
P & - |
1. Age and length of the larvae 2. KnowledgeNE Atlantic
O2t £ SOUGUSR Ay ! 1 2 j&uRtiorlpéttbrh ¥ Ra X
Another spawning placen the Azores 84

Islandsfor the congereel?



OR BY USINERELIMIMINARSENETIC DATAb! [ . { L{ hC

ACACGACATATGGACATAT AACACA Ft H= Lo T o
AATANCTGTATAATTACATAAAT GA il e oo Y e Ton I
TATACAACCTADCTATGTGTATGTT F=1 o 'F X = . v e e merwmn e e
GTATTTCACTTATGTASTAT ATACA wm | |05 e et e
TAATATGTAAATACAAC ATACADCT 125 :
ATETAATCAATACATAACATGTATT 13 VR e NE DEES - . . -
GATTACAAAGET GTAT GTAMACTAT 175 (n, =15; {00137 (0007} (D005} (0051 re)
CTETASATGTAAAC GTT ACATACCC i} n, =)
ATACCAGATTTTAMATCAAT GALGT r
ATAACATACATATTAATGEACCTCT = NRCE v AL 08ET [od ) ooz 4088 nE3
AATAACATTAATAMTGACTTALAGA Frid [n =g (0742 ms) (0387 re) (0360 rs) (DA41S ra)
ACTGCAGCAMATAGTATT AAATCT A 300 n, =10]
TAMATATTGRACAGTEATTCATGAT 5
TTEAATGATAAATGCAC ABACCAAG ™
TTTCCATEAAGAATGACATTAACT @ T | | Az of P geeltic @ferefistion Bebwemn Azoees 1 (AL) M
GACCTARMCCAGE AT GCGCAGTAAG o e .
CACAATTCAGE Fivar (MR} and MNorth Poftuguess Cortinentsl Siops (NPCS) sampies
AAACCACTAACCAG . . . N N
AAAATAT S5 | | Vahues for mesn hepichype dversity (Hd) and for hepictype (HSt) and
smquence-bazed  statilfics (Kst®, Z2¥ 5nn) cdossted sccordng o
Hulson et al (199) and Hudson (2000). Symbols: NS not significant;
Muceglide s=quence of a 452 bp fragment of
the miDNA contral region from one i i i
e el 3. Preliminary Genetic Analysis
leiters inficale e vaniall= == n 28
fiagiclypes.
» mtDNA Fragment (432 bp)

= 40 Leptocephali / 6 Locations North Atlantic
r] sSequence-based statistics

some geographic differentiation between local population
samples...

OTOLITHX USING ISOTOPES TO STUDY POPULATION STRI

- 1 A b ¥
O e o OCTAN . ';‘
W .
4?2 & A 1 {/6 .
g ~ retves | SHRS
-8 7.5\ "% 5 d '
: AL - .
< Y o | > r
g | LOCATION A
b S | © azoREs
MADERA 0 Am
b T MALLORCA ¥ -
' | L | ) ) L PORTUGAL
T CANOMICAL VARIABLE 1 . . .
4. Otolith Isotopic Signatures
Jackknife classification matrix of age-5 Conger conger specimens based on whole
otolith isotopic signatures used in LDFA 180 and 13C lSOtOpeS

Predicted location

Whole Otolith Analysis

Azores Madeira Mallorca  Portugal % Correct

e Y w @ §F & 4 Sampling Points (n = 20 / Site)
Mallorca 0 20 0 100
Portugal 7 1 0 12 60 A i
14 88 DFA / Jacknife Matrix

F Total 26 20 20

Distinct geographic populatiomnits and high fidelity to thgrowing areas?




COMBINING GENETICS ANDLITH ELEMENTAL FINGERPRINKTS! 5

Biological Sampling

Madeira, Azores, Mallorca, North Portugal, Soutt
Portugal and Ireland

Shallow coastal waters
Local artisanal fisheries: hook and pots
December 2005 September 2008

MtDNA 347 individuals
Otolith fingerprint: 160 individuals (20a807)
TL: 75115 cm

Otolith Elemental Fingerprint

St Ba, Mn and Mg (Ca as Internal Standard)
Core (Larval Life PeriodiEdge Moment of Capture)
Ablations 100 pm Diameter (~ni®dnths of Lif¢
Univariate Tests MANOVA/ DFA
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COMBINING GENETICS ANDLITH ELEMENTAL FINGERPRINKTS! 5 |

GENETIC ANALYSIS

HAPLOTYPE NETWORK

. , ©
e
) /\ 3 3 > l:
. .. :W- -j.."’.'r. l .t
!_ ' A' A R
(- 3 " 3
Vi Wt T
» ‘y.‘ l.' e :-. . .
. Q 1’ Y 9
[ L v '”;- >,
5 T .
H . . )

’ L

Genetic Analysis
Muscular Tissue/Ethan®6%/Preserved-20°C

DNA Extraction, Amplification and Sequencing
Primers L15774 and H16498

mtDNA c. 700 bp

Molecular Data Analysis

DnaSPversion 5, Arlequin version 3.5 nd SPSS
NMDS/ AMOVA

Nucleotide and haplotype diversity indexes

Nearestneighbours statistic (Snn)

Haplotype Network

SAMOVA ANALYSIS
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COMBINING GENETICS ANDLITH ELEMENTAL FINGERPRINTS! 5 |

CORE OTOLITH ANALYSIS

EDGE OTOLITH ANALYSIS

[ S




COMBINING GENETICS &NDLITH ELEMENTAL FINGERPRINCTS! 5| [

DEAS OTOLITH ANALYSIS

Fig. 6 Canomcal variate plots 5 1 : - - £ T T T T
displaying the differences of
chemical elements

concentrations impeinted in the af = ar .
otolith's core and edge of g c; o
Canger conger juveniles £ Z A T o
collected in the Azores {cincle), "'-: i 1 5 {h’,‘\' =
Madeira (fomes), Mallorea (plus > > 4 % bl
sign) and N-Parugal (riangle). 3 8 \ '-—./?/

' = qf 4 =4 W\ . d
Elljpsex tepresent 95 % G S Al &
confidence intervak around 5 E \._ =

each locations data, and das: al - al . .
poins represent individual fish,
The two canonical variables

explain o leag 90 % of the 5k l1 1 1 1 5 1 Il Il 1
existing variadon = -3 -1A 1 3 5 -5 -3 -1 1 a 5
Canonical Variable 1 Canonical Variable 1
5 T T T T 5 T T T T
Edges 2006
- — i
® - P
o —
2 3, 12\ Z
T 1k s’ L b - = 1k .
B
E AR ) s
| ANER)S =
z AP T N W - L 41
2 5
€ b (4 c
3 m
ar n o ap -
5 - L L L = L L 1 1
5 4 1 ' 3 5 5 a 1 1 a 5
1 Canonical Variable 1
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COMBINING GENETICS ANDLITH ELEMENTAL FINGERPRINTS! 5 |

OTOLITH ANALYSIS

JACKKNIFE CLASSIFICATION MATRIX

Table d Jackknife

Predictad location

Azores N-Portugal Madeira Mallorcs % Carrect

Location of collection

Genetic diversity of conger eel was high, but geographic differentiation among
regions was not significant, probably because of a high genetic flow during the
leptocephalus larval stage

Otolith fingerprint analyses among the sampling area suggests that while benthi
conger may display residency at regional scales, recruitment may not necessar
be derived from local spawning and larval retention.

: 1

Our study suggest a population model for conger eel in the northeastern
Atlantic involvinghigh mixingof larval stages likely derivedrom
multiple spawningareasand regional residency dbenthic life-stages



OTOLITH FINGERPRINTINGt [ L 95
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OTOLITHS ¢ h {¢, 5 /| hbb9/ ¢L=<+¢

5

groupO+ - purse seinelandingat Matosinhosport);

=z || Research surveysottom trawl or pelagic
ff\.\ =" | trawl (except sample of 2004, NortAge

Adult Samples(2007): North, Centre and Sul

f / Age Group 3+
o
-’m’, " Juvenile Samples2005, Age Group 1+
- | . (North and South) / 2004, Age Group (lerth)
iy f
,I""‘""‘ All fish belong to th004 cohortone of the
Tl OO S .
“ strongest cohorts in the last 10 years;
‘I \»‘J\J

RNE W TE W W e
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{1 w5Lb! t L [MATERIALSAND METMODS

AGEESTIMATES

SagittalOtoliths
Compound Stereo Microscope

Clearing Agent (Alchol:Glycero
Annual Growth Increments
Date Birth: 1 January

2 Independent Readers

: 1

30 Fish / Each location
Same Cohort (Age Group 3+)

WHOLEOTOLITH ANALYSIS
Previous Otolith Decontaminatio
Otolith Dissolved 10% HNO

ICPMSSB
Preliminary Study (Castro, 2007):
Sr, Ba, Mn, Mg and Li
Molar Ratios
pumol Element /mol Calcium

DetrendedConcentrations

3 Fish Entire Life History
93



{!" w5 LDb! t L [MATERIALSAND METKODS

Otoliths included in moulds using
epoxyresin

Thin Transversal Sections

Polished Silicon Carbon Papers / Diamonc
Pastes

Fixed to microscope slides (5 sections / sli
ICPM&_A: 10Qum laser spot
Preliminary analyses >LOD

Sr, Ba, Mn, Mg, Cu, Zn and Pb

Molar Ratios |imol Element /mol Calcium)

3 Fish Early Life History

SARDINAPILCHARDUS w9 { ! [ ¢{

Table 1
Geographical ncation, source, date of sampling, totaf length (TLL age, micrchesnintry sod symple sive (N) of § pichardios used in the presesit tudy (see Section 2 oe further
dotaals].
Sample Location Source Dute T joal Age proup (years Mictochemmistry [
Karge Megn
Commercil Linding May 2004 6545 L] 0 LAACP-MS %5
North Reseanch ey iy 205 §0-160 |15 I+ LA-ICMS 5
Resarch Sunvey Apei 2007 [86-2] 194 b1 LASBCR-MS )
Centre Reseanch Survey Apeil 2007 70-214 188 0 LA/SBCI-MS %
Saih Research Survey Aped X07 114186 182 3 LNSB-CR-MS %
fesearch Survey Posay XS NAMS 18 I+ LAKCPAS %
Table2
Jackknie classificatson matrux of . pilcharius recruits hased on otolth's core fingerprints used in quadratic discriminant function analyses
Predicted grovp 1 Correct Takd
Conasbos 1 of the seoutreet eds zam o L of Lo - Sowd [+ e
North O+ Narth 1+ South 1+ Ouadetal Moeth (ot - Morma Joamt [+ e ey 1o e s pocte 22 3+
obvared e WA Fermww Andi e e ]
Tieal growp [s o
North 0« i} ] 2 | s Yrt - ez le
North 1+ ) n ) ) vl " ¥l §t
South 1+ } | 1 ] b fn - =
Total b || ] n oyl m n 3




SARDINA PILCHARDMS 5L{/ | { {

This data supports the existence ofiagle, but not necessarily
homogenous sardine stockin the Atlanto-Iberian waters

Thisstudy also suggests thHtese fish aggregations mix partially
and, therefore cannot be assumed to be separate units for
fisheries managemenpurposes

Furthermore maximum likelihood analysis provided evidence that

replenishment ofPortuguese coastal sardine adult populations
are mainly derived fromthe north recruitment area
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h¢h|[ LTO STXIDY DEEBA FISHES

There is a growing commercial interest as new resources nebd to
found byfishingfleets because of the depletion of traditional
resources and in Azores botbpecieswere captured as bgatch

of Pagellusogaravedishery

The main aim of this study was to evaluate the use of the
elementalcompositionof otoliths from Helicolenus dactyloterus
andPontinus kuhlii specimensas atool to determinewhether
these otolith fingerprints are sitspecific and can be usd¢d
assessthe degree of separation between stocks, and to
investigate populatiortonnectivity between adjacent fishing
Grounds.

Information provided in the present study can be usedomplementfurther
studies regarding stock identification of blosuth and offshore rockfish in
the NEAtlantic, namelyaround Azores

Helicolenus dactylopterus (n.v. bocanegra) andPontinus kuhlii (n.v. bagre

Bathydemersakcorpionfish species

Usually at depths between 200 and 1000 m
Widely distributed in the NE Atlantic

Slow growing and lontived species
Caught by artisanal longline and gillnet fisheries
No data on reproduction, eggs, larvae and young stages

Little information about the stock structure, population dynamics and life
history



MATERIAL AND METHOW&IOLE OTOLITH ANALYSIS

BIOLOGICAL SAMPLING

| RS .
-
LE e

b2
-

S £

Azores Archipelago: 3 Regions
Years: 2004/2005
Local artisanal fish boats
Handline and bottom longline
Depths of 200nt, 1000m
120 individuals (n =60 per species
TL: 2530 cm

~—"

PreviousOtolith Decontamination
3% HO» 1% HNG Mill-Q-Water
Otolith Dissolved 10% HNO
ICRMSSB: Ca, Sr, Ba, Mn, Mg, Li, Pb, Cu, Cd, Zi
Otolith Certified Materials: FEBS/ NIES 22
DetrendedConcentrations: EC=F(OW) + ANCOVA
Element: Calcium Ratiopd Element g Calcium)

Univariateand Multivariate Analysis

Systatl12.0 (= 0.05)

Fish Entire Life History
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RESULTS

HELICOLENUS DACTYLOPTERUS

Significant differences in otolith

UNIVARIATE ANALYSIS E:> compositionbetween
sites for all elements (p<0.05).

LDFA PLOT

LDFA PLOT I I

Significant statistical differences
MULTIVARIATE ANALY3E|,> amongthe three sampling locations
(MANOVAPIllaEs Trace, p<0.0p
Good discriminationamong samples
from the different regions (average
percentage of 6%)

Partial overlapping betweerthe
three areas.

LDFA PLOT

CANDFILL VERRARLE 1

- e Tl
E=HIHE]L

el 98

MO T WARENELE 1




RESULTS

PONTINUS KUHLII

Significant differences iotolith

UNIVARIATE ANALYSISE:> composition between sitefor Mn,
Mg and Li (p<0.05).

Significant statistical differences

MULTIVARIATE ANALY£> amongthe three sampling locations
(MANOVAPIllaEs Trace, p<0.0p

LDFA PLOT Good discriminationamong

' - - samples fronthe different regions

(average percentage of 76,

namely for the west group

Partial overlapping between the

easternand central areas

Lin=AT I
[ERTHAL
EAST

) . . ] =k 99
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/ hb/ [ ! {AZOREX DEEP SEA FISHES

Forboth specieslocal populations appearto be geographicallyoverlapping
(i.e. migrations of adult specimens may occur between adjacent are
and should beconsidered as a singlstock unit for fisheries manageme
purposes

Futurestudiesshould includeadditional samplesrom Mediterranean at
least for H.dactylopterus since no significant genetic differentiation was
detected between populations

within the NE Atlantic region according to a very recent study

Although the knowledge behind the is not necessary to use otolith signa
as a toolfor fisheries stock discriminator, the relationship between som
particular spatial elemental

signatures and the specific oceanic hydrology of the Azores area shoulc
established.

New discriminators, such as boheristicsand otolith shapeanlysis should
be alsoincluded(work in progress

100



heh[L¢l {11 t TRACHURUS PICTURATX:

LIFE CYCLE

common name: blue jack mackerel (carapsgrao)
pelagic species

belongs to the Carangidae family

ranging in depth to at least 370 meters
widely distributed in the Central and NE Atlantic

caught by gillnefisheriesittle information about the stock
structure, population dynamicandlife history.

OBJECTIVES

Information provided in the present study can bsed to infer

aboutthe population structure and stock identification of blue jacéckerel
in Central and NE Atlantic

he¢h[L¢l {1 ! tTRACHURUBJTURATUS X

o O
aal
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heh[L¢l {11 t TRACHURUS PICTURATX:

Ooiith Shape Analysis
wince DY Euddon Sean
Locaon |
|+ AzoRes
. v CANARIAS
NADEIRA
@ MATOSINHOS
PN & FENCHE
st BV 'y [ PORTARG_ |
B T Sk
T ’
i, Sl o
4‘ ¥ + A K} Ye
5 W
g ."v,{
v, ! {k'
i N Ve
vy

o o5 810 0%
Pt

Data from otolith shape analysis suggest that
probably all the individuals collected belong to
the same stock unijtwith no clear segregation

of individuals
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Chapter 6

Using /DynamictEnergyuBudget /(DEB)
modelsin the contextocofnnursery
ground ecology

Vania Freitas (CIIMAR)



Why energy budget modée?s

Functional role of nurseries in population processes:

Growth, Mortality

Individual growth: controls body size and conditioncrucial for
survival and fitness

Body size relationships:
w . SUpSSy aLISOA S & O Y dzpréyA & LIS
interactions)
w 2 AOKAY aLISOASaA 6 O NA 2 dza

Influence of environmental variation on individual growth

Understand and quantify energy partitioning among growth,
metabolism and reproduction

Energy balance equations
C=M+ W+ G
Energy Consumed

Energy required for Metabolism, Waste, Growth
(somatic or gonad)
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Why energy budget models?

Typical models are restricted with respect to:
- species

- life stage

- environmental conditions

- processes described as allometric relationships

Alternative: DEB model

mechanistic view of physiological processes

based on a generic theory, i.e. same model structure can be
applied to different species, where only parameter values differ

parametersparse compared to other empirical models
applies to the whole life cycle of an organism

predicts both intra and interspecific variation in physiologicates

predictions of performance for seasonally varying environments
(i.e. food, temperature).
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Nonew model!

S.A.LLM.KOOITMAN

(& vn'»-,&.‘) o f )
14 728 r ¥
'..,‘ \;. |'/,-, J ‘l'?, ‘]

> I

Dynamic Energy
Budget Theory
For Metabolic Organisation

3RD EDITION

Dynamic Energy Budget (DEB) theory

Set of coherent assumptions from which mathematical models are
derivedandapplied to study the metabolic organization of individual
organismsand of their interaction with a dynamic environment.

Links physiological processes, such as ingestion, assimilation, respira
growth and reproduction, in a single conceptual and quantitative
framework.

Similar to physical theories: a broad spectrum of application, a strong
mathematical background and subject to empirical testing.

*rigorous thermodynamic approach, e.g. guaranteeing mass and energy conser
and entropy production in all energy flows/transformations



Processespecifiedby the DEBmodel

Feeding

Digestion

Storage

Single conceptual and
Maintenance

guantitative framework

_ Growth

Development

Reproduction

Ageing
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Concepts and model formulation

DEB models use differential equations to describe the ratediah
individual organisms assimilate and utilize energy fomd for
maintenance, growth, reproduction and development.

Rates depend on the state of the organism (age, size, sex,
nutritional status, etc.) and the state of its environment (fodehsity,
temperature, etc.).

Solutions of the model equations represent the life history of
individual organisms in a dynamic (variable) environment.

Downsides

The theory is highly abstract with neither the state variablesher
internal energy or material fluxes being directly measurable
(need for more! auxiliary theory).

The high level of abstraction acts as a deterrent to its wider use

but is the key to its generality.
in Nisbet et al. 2012
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Standard DEB model structure

food
|
N growth
gut - maintenance
1 N maturity
faelces yoLng

SaaSyagalrt RAFFSNBYyOS G2 {cCD®

Basic assumptions

state variables: body volume (structure) and reserve energy

food converted to energy and added to reserve

stored energy in reserve:

[1] somatic maintenance + growth
[2] maturity maintenance + reproduction
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Basic principles

The fundamental role of:

surface areas: acquisition processes
(uptake) E

volumes: maintenance processes

max ingestion

LT

Reserve

|Kappa rule |

)
@ O
Py

C‘ U
p
ov
~ O

Reproduction
Maintenance + Growth Maturity maintenance

XD

/
\

D@

3

C

- C
O
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Standard DEB model structure

Food X —— » Faeces

\ L
{ Assimilation,p,

ReserveE

Reserve utilizatiom

Somatic C Maturity
maintenancep,, K 1-k maintenancep;
Growth Development Reproduction
KpyGp (1 ¢ K)pc. p;

Structure V Maturity E,

Reproduction
buffer E;

Standard DEB model: energy fluxes

Table 1
formulation of the DEB powers used in the present study as a function of the state
variables E and V and the primary DEB parameters (¢l Table 1) {from Kooijman,

2000)
Fluxes {5 ') Formulation
Ingestion p; 4 II"., : J,«\,-.’ |
Assimilation ;’i 3 m_;’:_ =t TR
Catabolic o=z ifl».m j’f-.,"'""i +pulV)

Structural maintenance By = [PalV
tural erow - A
Structural growth Pt = kpk-pl,

Maturity mamtenance ph=Lx 'F“ muu\’,\’:;

Reproduction P =(1-K§¢-pf
a B ety “J“ul“"r-
—llfv.lim({f.,}llt + Py ‘ri*—"—.“‘
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Life stages in DEB model

adult

/——\ Allocates energy to

'\ reproduction and
"zl produces offspring

embryo

juvenile 4 ’"""V-— i i
adult nd Switch:
v reproduction starts
embryo / \ Z

‘1. .
J juvenile

Does not feed, \) S

uses maternal reserve ' 44

to grow & develop \_/1 oh
switch:

Feeding startg;

Feeds, but does not
reproduce
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Standard DEB modelEmbryo

Food X Faeces

I'l Assimilation,p

ReserveE
_ p Maturity
Somatic Maintenancep,
maintenancep,, K 1k
Growth Development
Kpy - P Lk Fh
Structure V Maturity E,
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Standard DEB modelJuvenile

Food X » Faeces

'L Assimilation,p,

ReserveE
_ P
Somatic Maturity
maintenancep,, K 1k Maintenancep,
Growth Development
Kpy - Py (1< K) pc-p;
Structure V Maturity E,
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Standard DEB modelAdult

Food X _X » Faeces

| Assimilation,p,

¥
ReserveE
| Pc |
Somatic Maturity
maintenancep,, K 1-k maintenance
Growth Reproduction
Kpy - Py (1ck) pc-p;

Structure V

Reproduction

buffer E; T e9es
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DEB model parameters

specific searching rate
assiilation efficiency
max spec. assimilation rate

{Fu)

KX

energy conductance
allocation fraction to soma
reproduction efficiency
volume-spec. son, waint, cost
surface-spec. som. maint. cost
maturity maint. rate coeff.
specific cost for structure
maturity at birth

maturity at puberty

{ﬁn\m} 2

specific searching rate
assimilation efficiency

max spec. assimilation rate
energy conductance
allocation fraction to soma
reproduction efficiency
volume-spec. som. maint. cost
surface-spec. soml. maint. cost
maturity maint. rate coeff.
specific cost for structure
maturity at birth

maturity at puberty

Kooijman 2010 (Table 8.1)

{Fn}
Ky
U’Am }
;
2
KR
]
{ir}
k
|Ec]
E?’!
Ey

6.51em=2d!

(.8

3 =
2.52Jem™4d ™!

0.02cmd™!
0.8
(.95
18J em=3d !
0Jem™2d!
0.002d7!
2800.) e~
27523 m]
16622 ]

6.5l cm™*d!
(.8
22.52Jem™*d
0.02cmd "
0.8
(.95
18J em™d !
0Jem ™2
0.002d~"
2800 cm ™
2752 mJ
166 2%

-1

Feeding/ Assimilation

Reserve dynamics

Growth and maintenance

Kooijman 2010 (Table 8.1)

Energy frame

{Fn)
YEX
{JEAm)

KR
[JE]
{Jer}

WE
M
M

6.51cm==d!
0.8 mol mol ™!
0.041 2 mmol cm™2d
0.02¢cmd ™!
(.8
(.95
0.033 mmol em=*d "
0 mol cm~2d ™!
0.002d7"!
(.8 mol mol !
500 2* nmol
0.3 2% mmol

Development and reproduction

-1

Mass frame




DEB model parameters

: 651 om om 2 Speciic searchng raie
Ky 08 AssimitaBon efficency
{Ban) 25z Jem*d™ Maxmum suriace-area-speciic assmiation rale
9] 18 JenrSg! Volume-speciic somatc manienance rate
B 0 Jemrid Surface-area-speciic somatc manienance rale
[l 200 Jomr? Vokume-speciic cost fo siucture Abstract world
v 0 omg™’ Energy conductance
K 08 Fracton of utiized reserve 1o growth + mantenance
k. 0.002 d’ Maturty mantenance rate coeficient
& bIive m) Maturiy threshoid at birth
& 1662 J Maturty fiveshold at puberty

0% Fraciion of the reproduction busier fixed into eggs
Au and parameters

A K Arhenius temperature
§ Shape coefficient
o gem> Ssucture densty
By Jmo™ Chemical potential of structure
s Jmoi” Chemecal potential of resene
w gmot! Molar fwet) wesght of stucture
- part Nokr feewoigft ol eseve. Real world
L, NPrid om Maxamum volumetnc length
g W Eal B} Energy ivvestment ratio
K {Daepcd Fel) Jom Half-safwration coefficent
IEd {Dackiy Jer® Maxemum reserve density
% wvOa{m{Ec]) Growth efficency

Al prmary parameters that covary with z are calied extensve parameters. Compound parameders including (D) are thus extensve parameters {(Koogyman
2010; Sousa et &, 2010). Rates are given at the reference temperature of T,=293K {=20°C)

. Deal with dynamics of
Primary parameters> Abstract world

abstract variables

Auxiliary and Compound parameters Real world

Combinations of primary parameters ayxiliary and conversion

[Eg]v Y shape correctiorfactor L =8 * Ly

Kif .
(Pan £ Weightenergy coupler for reserve

g, energy Investment ratio 86 OX



Parameterization

Formany applications only a subset of parameters is needed;

Studies of evolutionary trends of physiological traits we naiéd
parametersto evaluate the full energy and mass budgets
dynamically

A  anew statistical method to access all core parameters of the
DEB model simultaneously from a collection of common
empirical measurements.

Covariation method: Lika et al. 2011

L St } "Ili'.'“j';'"\ ne -8
[ =

Journal of Sea Research ’

Contans st avidabia at SdenceDrect

|outhal homepage: www.elseviet.comilocale/seares

Comparative energetics of the 5 fish classes on the basis of dynamic @v
energy budgets

Sebastiaan ALLM Kooijman **, Konstadia Lika"

* Degortrnent of Thownsiood B kg, WU Lt sy Aoxtondony, Or Soviatum 1087, 1007 HV Avniavidins The Netharlond
Dwpt of Bokegy, Dvaveraty of Crete. G T3800 Marakbon. Ovwr, Govere

~ S a4 - .
T o o
ML em g
T -t
"
i FLSEVIER . .‘—i w 3 2 T HOPE A =
HEVER - A TSI Lawmes e eomabe & A\t Sovmely ¥
THEBOC [ | 755
frviea- ) it ——— I Y._ S i Y
datfich socy A Introducton 10 Dymam ._( son of DEB ¢ 4 lnurnnl of Sea Research
v it ¢ estimation of DEB panm
Mhosk % vnr e Y I ul emphas bival Contrbutice of di T.m PRI BAMEPAON T WA, MMM HT G OSNTE T
- 1 Dutch Wodden & 2 dym
Ik Wvm e Vi * ey o'
Jeana Ly '

Vanis 1
Mirea A, 1DE “covanation method” for estimating the parameters of the standard Dynamx
Energy Budger model §; Philosophy and approach
Konstadi Ui **, Michue] R Xearney ', Vink Freatas ", Hesk W, van der Veer *, g v der Mo
pharees WM. Wisman *, Laer Pecquerse |, Sebataaan A LM, Koogman
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Table 3: The completeness of available data can be ranked with marks from low to high at the
following levels; each level includes previous levels.
0 maximum length and body weight; weight as function of length
| age, length and weight at birth and puberty for one food level: mean life span (due to ageing)
2 growth (curve) at one food level:
length and weight as function of age at constant (or abundant) food level
reproduction and feeding as function of age, length and/or weight at one food level
4 growth (curve) at several (> 1) food levels;
age, length and weight at birth and puberty at several food levels
5 reproduction and feeding as function of age, length and/or weight at several (> 1) food levels
G respiration as function of length or weight and life span at several (> 1) food levels
7 elemental composition at one food level, survival due to ageing as function of age
8 elemental composition at several (> 1) food levels, including composition of food
9 elemental balances for €', H, O and N at several hody sizes and several food levels
100 energy balance at several body sizes and several food levels (including heat)

Likaet al. 2011

Data on: growth; body composition; food intake; reproduction, respirati
Source: literature, experiments
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DEB model simulations

Initial conditions:
¢ Length simulation
¢ Parameters
¢ Starting length (e.g.)
Numerical integration:
¢ Huxes
¢ Temp
¢ Food
Compute observed variables (weight, length)

Plot graphs
DEB in practice

research questionis growth of juvenile plaice food limited?
Data growth data for plaic#’leuronectes platessa Wadden Sea

Simulationof length over time in a seasonal temperature environmeith
maximum (and constant) food conditions

Compareobservations with model predictions
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Initial conditions:

Fle it Fomat View Help

. . £2 generate date-set tl; pars for females Van der Veer et 2l 2018
Length3|mU|at|0n | global T_ref TA TL TH TAL TAH del v g LT Ln par f par T MaxTineRun LInicial

Model Parameters . i o sesssess
Startinglength (e.g.)

T_ref = 273+418; # K; reference temperature

TA = 7908; # K, T_A; mean 6808 K in DEBtool; Xooy2088 gives 12588 K

[TL = 277; # we increased the values of the lowsr boundary to include a metabolic rest
TH = 295;

TAL = 58084; # same reason

| TAH = 75009,

| #% kapf = .95; # -, standard setting
# kaph = .75;  # -, \kappa 4, {p Xa}/{p_Am}
kap= .85; # -, \kapoz

| kM = .9835; #d*1, 18 C, [p M}/ [E_€]

= .156; # cm d*-1 {volumetric) (energy conduc); 18 C
LT =8; # n, heating length, osmotic work
ig = 2.635; # -, [E€]/ (keppa [En]); [Ew] = {p An}/ v;
(K1 =k & ¢*-1, k_J (maturity maintenance rate coefficient)

|#2 Hb = .00925; £ 2”2 d; U H'0 = E b/ ((1-kap) * {p_An}; scaled meturity at birth
# Hp = 1.5; # m"2d; UHp=E#pf ((1-kap) * {p Am}); scaled meturity at puberty
idel = .219; # -, shape coefficient

| Le= v/ KN g; # max volumetric lengtﬂ

[#8 Time Simulation SHHEEEEHH NN

1- MOdel | MaxTimeRun = 365

. LInicial = 1.1 cm % at the onset of settlement; Fox et 21. (2906)
input
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, A

; /~\ Temperature
£ i
: f By

Stor” Functional response function (food uptake vs food dens

- f. ‘.X,
. o ’AU'..i'. J =7 s®
Food density .7 [ W Xg+4
= 14 %" ’I “.l
?'f ‘ i - : i = le " ".l ]
: — ) g ) » f scaled functional response
& ‘3’\‘\ % X food density

of Faa ETRERBRERLE XKsaturation constant

3 ,,i;\ Temperature
2l ‘ \
T x";/

ol u/" 1 Constant and max food:

f=1

2. Forcing
variables
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Relevant eq UatlonS [# To commuts lérgo-(;u'i (hn:n;ml resonse]

giobal T ref T 7L TH TAL T del v g LT Ls por 7 par T
#lota) DataTiseTems DataTlne? Dotatineleagth LTafcial MaxTisstin

Integratlon par = [T_ref; TA; TL; T, TR, TA; del; v; 55 \Y; La);
#1 build fourier series for tosp and f; call sut-rostines

Tewp
Foed

| function del = Reseﬂ'e(eL:t) T = Linsgece{ 50 Ml inedin, 35}, 2 5ot time points for plotting
global T ref TATL TH TAL TAH del v g LT Lm par f par T
#% get o and L trajectordes for plotting

# unpack state variables eld « [1; LInicial®del]; # 2-vector wvith e asd L, in poysical length, ot tise t = @
e=el(l); L=el(2);

ol = Isode| Reserve”, 28, t);
##uild series of food and temperature ot = al{:,1); # select scaled resarve densities

- Lt = el{:,2)/del ; # select largtss; to coovert to physical lengnt
f=fnfourier(t,par f) i 2 7 L " S

#4 Show Field dote
set_data

T = splinel(t, par T);

#2 start plotting

vT = v* tespcorr(T, T_ref, [14; TL; TH; TAL; T&H]); o D
de = (‘F -e) *vlf i3 ylabel{"scaled resarve, ¢*)
r=vl *(ef L- (L +LT/ L)/ m)/ (e +g); pRR(2, e, r0)

print ("92 ResFiles /00 lomputas e.prg”)|

dL=L*rf3; satplet{2,2,2);
dL = L * max{(@,r)/ 3; # to avoid body shrinkage
chf
xlabel("time, t*)
## pack output ylavel(*lesgth, L)
del = [de; dL]; plot{ &, Lt, °r", ti dats(:,1), ti data(:,2), "eb")

| andfunction plot( ¢, Ly, "r", tl data(:,1), tL data{:,2), "eb”, tL dete2(:,1), ti osted(:,2), "og",

peint ("82_2e571105/82 Loaputad _L.pag");

GNU Octave .

MATILAB

The Language of Techwica! Compyfing

ONU Octave 5 8 bghdevel ishegesiad Bnjoig2. pomarly iieaded Y

// rumenzal congtadens I prondes capebétes 1 the numescal scbson of m"nc“‘".’ L]
3 Ioeor and occknear problenes, @3 b petimrg ather memercal &M-'F‘:vﬁ:n
cpenetls 1| a8 provides exdersive guaphcs cagebdles ot den Kox paryrent rocewing

, ewleaton and manpudnon. Octave & sooraly used tiough & =
FORRING Connand ine isircn. Sut it Can ako DO U 1 wike ron- e e 4
ORIV programe. Tha Ocsn eguags & quts simdar 1o Malab 50 13t Bicoks doastions sty

Sapaight 534 2003 The katatislre. mos! progams are easdy patatie e
umeed ¢ LS. palens See munmaliwes cordpaters Octive & JEERUIRE 500 Bie 50vs of B (N Gererd PLbi Loeons

o\ The Mattorks OctConf 2015

Seyteesder 2123
Darmstadt, Germany 1 2 3
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Aplications Spatial and Temporal changes in Habitat qual

Parameter synilhoits Interpretation P.platessa

Reference temperature 283

cm™d Energy conductance 0.156

. . 2635
Energy investment ratio
(3.930)

Maintenancecaetficient 0.0035

Shape coefficient 0.219
Arrhenius temperature 7000
Lower boundary of tolera@ée range
Upper boundary of tolerap@® range
Rate of decrease at low&00@gundary
Rate of decrease at uppgs0b0undary

010 .
Field growth = %
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Aplications Spatial and Temporal changes in Habitat qual

Realized growth ratio ()

® Subtidal & cha iefs ._..y,"'
(= om) |
e a4

06 <
03 4

oo -

1% -
e
u
UE
[ 1)
ok
o4
a2

Intertidal (< 2mr)

(< 5m)

I Pliice |

T
20N 1N 10 10 M0 N W

Rourder |

T e e |
2 1M 150 W0 % W N W

& = = Sdgiad
¥ == Ot

0 W N OIN 20 2420 X0

T T ] T 1
0 %0 105 W0 N

Day of the year

2009 - Intertidal 2009 - Subtidal

1.4 1.4
s ¥ st1l
1.2 12, i ost12
® st13
E st14
Loy + i 10, " st1d
. : " sti16
0.8 ] 08 1
n n
06 - " 06 , =
L] 1 L] [
F -
0.4 i . 0.4- L] b ] . B
H
0.2 . " 0.2 .
s 1 s ‘
0.0 i 0.0

90 120150180210240270300 90 120150180210240270300

Day of the year Day of the year

Freitas et al. under review J. Sea Res

scale variations in habitat qu:

MABPE ECOLOGY PROCRESS SERIES
Mar Frnl Prog Ser
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Latitudinal trends in habitat quality of
shallow-water flatiish nurseries

Vania Freitas"**, Sebastiaan A. L M. Kooijman®, Henk W. van der Veer'
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Global Change Biology

Bio-energetics underpins the spatial response of North
Sea plaice (Plenronectes platessa L.) and sole (Solen solea

Aplicationscomparative physiology

' g Pedgy (VI de X

L.} to climate change

LAMENA B TEALY, ALY VAXSAL®, TOMIAN VAN KOO TEN" 1L 8

ADRIAAA 1) BINATORT

Latitude (°N)

52 54 58 58 80

50

ARINIY ol

Longitude (°E)

0.08
004
002
000
002
0.04
-0.06

Growth (cm day ')

Spatiallyexplicit model approach

2 models: a dynamic energy budget (DEB) model ¢
an ecosystem model (ERSEM) for temperature and
food conditions.

Maps of DEredicted max growth rates (proxy for
habitat quality) in the North Sea for juvenile plaice
(25 cm)
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ﬂiO\ Interspecies comparison of jellvfish and ctenophores by
- means of DEB parameters: first results

L i
4 Starviight dugustine’, Sebastiaan A LM Koofjman, Vinia Freitas, Lodew(jk Vem Waalraven, Joan- '
=t mmmim;mmwmkmdcm

1, K et sturs b e v [ by
Objective: Motivation: Methods:

Compare ererpstics sad e hiney of different Propare creumstantial evalonce. “How do the ~ Cospile duta froee the lieeature fir ddlorent
sjecios (f cnidarsars and cfonophoes using 8 sne conclusions ] have foe & parsculy spocies relale (0 Ipecicy

cuberesl lramewnrk: The Dysasat Encegy Badgst whit 16 keown ahout all the odber pecies of e ~ Esimate parsmedons fur cach one wsig 4 aoe
(DEB) theoty |1} iy lisse e semilar plolaens” madel e siadad DEB moded 11,2
Results

Sabeet of staadurd DEB model parsmsters 'hnodlxnhh Mﬂql’fiﬂmhﬂm Some of B¢ 2mplind Data compla temens
puocekabty for Viemonbee scoceratar betwims brth and phos gastibe, othen seml Joved and FIT mark
dexnbed iz [} . \mvmﬂnmw o tccdey ovaview of Foth uzz v 0 scale of
[y ™ e volrmeelhal seratic maiskraecs coots i reextnce 1 dtewen (4w (5, )) The mtenroiston o maodnm 01 10 oed evabaded
o v e oy comdcbence roeve devaly ove dary mTmt: At ok sxrdey b ibe o
v ik s fskal eomribeion e v Azembe of He tatory el coskgral e we th teprhed by aich pesencier trwticn mehod (8
*» x e sloceon ixcoos b e sat even f we o ol have Gl raborraatans The 51T rvach » 10
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DEB laboratory

http://www.bio.vu.nl/thb/deb/deblab

DEBtool(link)

open source (Octave, Matlab)

covers full range of DEB research (fundamental + applied)
advanced regression routines for simultaneous model
fitting

add_my petdata collection for various species
manual pdf
Species.xloverview
pars_my petscripts to run model properties
mydata_my_petscripts to estimate parameters
predict_ my petscripts to compute expected values
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Google! octare downioad v Qoo £ G O [ D] ¢ sockmais | T Oheck - T detofll + | § octave [ download & B

4 & | @omusontoy Bov 8 v & v iiPager ook

Theoretical Biology

Welcome to the DEB laboratory

This electromc labocatory for work ce the Dynamic Esergy Budget theory is a site where you can dowsload software that may be useful for research and educatios purposes. [t ame

Home to faciktase the application of the thecry, and to stomiate colabocation.
» Geaenal Lie areal boratory, we have some artwock on the wal. Here, we can Jet 2 move
artwork The three-dmessional state space plot, presested n the artwork, ilustrates the asymptotic betaniowr of a tri-trophic chan m a chemostat. You want to sez a dose up?
* Pessoane] We also have 2 peem
* Education Packages:
R | DEBtool is 2 package, written n Octave and Matlab, that can be used to stody the ecopliysiolopcal bebaviow of astmak, plants, aigae. mecroorzanisms and symbioses 1 a
graphical way, Effects of chemicals can be stodied It deals with metabolism 2nd mteractions between ndniduak and speces; & ako allows o fit DEB modeks to your
“Deb data Scripe-Sles are meinded that produce Se fowres of the DEB-book.
- Laboeory Downicad DEBtoct (Octave version 3 0.3, 942 kB, 2009.0727)
_ Research snnlsad DEBtnct (Matlab version 7.3, 891 kB, 200810727)
Program
- Cowse DEBtox Mathab scripts for the smsitaneous analysis of muitple endpomts n ecotoncty tests (Emvirommental Scionce & Teclmology: Jager et 2l 2004; Hengees et 4 2003)
- Stppodt — , :
¢ Liks Dovnload DEBtex M 2o (Milab version, 2008/0612; mansal inchided)
Data collections:
Add mv pet Callzction 5 valess for the parameters of the st2ndard DEB model for a vansty of spacies and the Matiah Octave-fies at obtan the parameters from data
Add = pet Octave usnsGebtool The idea behind it s explained i the add mrv pet documert.
433 e b Viadiah
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DEBtool software package

DEBtool (link)

P

fie B8 Sem Fevets Teok Wep

Meant to provide illustrations of the DEB theory ™" ™

and to apply the theory to the analysis of eco
physiological data

Types of files:

mydata_*.m: application of DEBtool
functions

sh*.m: produce and show plots

pars.m: edit parameters used in the
RSY2Qa

Read/edit files: Editor (Emacs)

Change files: save outside DEBtool

¥ B v

= N o o9 O E'Z"- 0 facheisr | TOer s 2

The

iz,

Tt

EEgrE

DEBtool

foaie; aee cogaaond i e sbdseriies (heve calied "Wobone(")

o B preend pamore rodmes
called by ofher routies i waley sdbirectoeny
TRTETTRE TORme
o oyee s Knexs
campa reroee parbarmace inrrachom banne tve cospimaentey coopoady
* DI ST NTEREE! K 0eA0N
1 esserve, | arwcane Vi genh
o gy st iewbed owth of dgae = rescsony
moee esenves. | oo, Vimogh
o e=wl wxul phescog
| reserve, | sracere. comagh
o plat plas oot rodunice
Homerves, ] sysctaes, preralived morphology
o poo | speoes conmmmey of mbotophs
0,13 reseved, Tanache Visooh
o yophy weractios bevween bosts snd yrhwosts & yectors
bast 1 peserve, | stmacnws. Vil coophs

vebuet 1imaver | iexceee, Vi-aaph
o todoron mergng of 2 srabwont wilth & bost ato | popubaton

exck popdatier 1 resenve, | eocees Viisuph
o o womokineics, mad dBct of chracl compevndh o0 anprans 39d popdaten
o depad bodepadition of el coopoonds i basch cutares
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http://www.bio.vu.nl/thb/deb/deblab/debtool/DEBtool_M/manual/DEBtool.html

DEB laboratory

http://www.bio.vu.nl/thb/deb/deblab

add_my pet data collection for various species
manual pdf
Species.xloverview
pars_my_petscripts to run model properties
mydata_my_petscripts to estimate parameters
predict_my_petscripts to compute expected values
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Add_my pet collection

http://www.bio.vu.nl/thb/deb/deblab

Packages:
REBtaal 1s 2 package, wnttes m Maflsh and Octane, tht can be ted %0 stsdly the ecopbymclomcal Sebavieer of snumals, placts, dlzae, encsvoegazners d symhooses = 2 graptueal way. Effects of chemcale cin be sadied
deals wift metsbolae ind merachions betweeo idvadsale 2sé spacues, 1f a0 allows 1o fit DEB model % your data. Scept-files 20 wcluded that prodace the figuees of the DEB-bock

Dsrlead DERtch © {Octave versiea 3 14, $10 kb, 2130822)
Dewelead DETiot 3¢ (Matlsb version 7,14 0 (R24123), 2.4 Ms, 20130427)

DEHor Mt senpts foe the wentareoss sab of sishale erdosats 1, scoionian tesh

DEBibm lmplenentancn of the itsndaed DES model in DERibe & Netl ogo to serulee popalinca dysamcs. Downdoad Sackpronsd ifiespooy

[N Iibvary aod compatational Eamework far fhe solunicn of peoblems to Dyantic Energy Budget (DEB] theory, deling i bobopcal ryvters oo fhe oganisn 1o the ecosystem level
PletReader estracts coondieates from pioes of data, westen by Jor Bruggerzan

Data libraries:

Add my pet Collectin of dats 2ed paraveters values of e stmdard DEB model for 2 wide vanety of species (includng sepreserstatives of most Lrge plyla :nd of 3l 15 choedate clamses) and the Mxlab-Ses that obtus the
pananeves from daa sssyg debael.

Phvio pars Cellecton of vahses foc the p of the Mamed p $o1 frechrwater pymoplaskicn species. Method

Supporting material for the DEB book:

Leraty Eevats fior the DEB-book Thoss fir the 2ol eddityon are w0 leeger masnareed. Go to She churgme ket for sprorspomug
Summary of  Prosentanod ind discusseon of DES coocepss, whach follows the chaprers aod soctoens of fhe DES Jook 11 aveads the vee of mathernancs aed sl tests agxnst expenmenta] durs
(-(E

Comnents  Exph and of the DEB book: they follow the chapters and sections of thes bock The commeats oo Ind sdeicn are 20 longer muntaized
DEB patsison  Thus document expluns the notatica that 3 wsed in DEB $izory, 1 the bope that # belps to sundasétse 1t Sor farther development of de theory

Micofctares  Collocton of seeee 500 PowerPorst shides weh sboet cemeseots by sousd, whach follows the chaptens and socuoas of the DEB-boolk (0.5 Gb Yow can sl doansload the ppt-files separanely, without secen
ks

R0.ppt cb).pye chl ppe cb) ppe chd g b gt
226 pg b7 pr chE ppe (b0 pye ch10 ot chl L ogt
3 mun vadeo-tetro 49 e DEB-beck | apeg-fle;
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THRE 2Mms2 FICERRD  1%CM g wpas T

—~ Pk :"-_
{ \) A /.1:).‘ = =
5 et = = Add-my-pet: portal
L& f 37 /
DEB .
\ orry Aims
The adc-my-pet collection staried at 12 Feb 2009 as part of the DEB iele course 2009. Add-my-pet aims to collect
ey
s 1. referenced dafa on the energetics of animal species, such that the parameters of the standard Dynamic Energy Budget (DEB) model, and
ImECIEs those of iis different variants. can be estimated

2. coce for estimating DEB parameters from these data
SE——: 3. DEB parameter estimates
4. properiies of species that are imphed by these parameters

—
All matenial is public and aceess is free. Submissions can be sent to one of the curators, the name of the author remains attached fo the
MANUAL submission.
Eﬁ 3
Go to the collection

Last update: 2014/10/16. The colieciion can be downloaded as Species s Individual data, code and parameter files can be downloaded as well.

Board of curators
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phvium class order
Cnsdanz Cubozoa Chirodropida
Cnsdana Hydeozoa Anthomedusae
Crsdana Scyphozoa Semaeostomeae
Ctepophora  Tentaculata Lobatz
Ctepophora  Tentaculatz Lobatz
Ctepophora  Tentaculatz Cydippsda
Ctenophora  Tentaculata Cydippsdz
Ctepophora  Tentaculatz Cydippeda
Ctepophora ~ Nuda Beroida
Acanthocephalz Archiacanthooephzla Moniliformida
Rouferz Monogonosta Plomasda

Rotis

Monogononta Plomsda

L B B B, B W

FoolLd

Hydndae
Pelagrida

Add _my _pet: species list

Go to manual, primarv_parameters, statistics, DEBlab

Churogex flecken
Hydea vindissimz

Pelazia noctibuca
Meeamiopsss feadyz
Bolinopsis mikado
Calliansrs antarctica
Pleurobrachia_pilens
Plenrobrachia baches
Beroe gracihs

Beree ovata
Moniliformss dubsus
Asplanchna girod:
Brachiomus phicaiibis

Aspadiophorss polvstucios

ST

commonmame  author date

sez2 wasp
grezn hydra

mauve stmger

sez walnut

Japanese comb
Antarctic comb

sez goosebeny

= >

melon jellvfish

comb jelly

ATOW Worm

BasKoogman 20121016
BasKoopman 20121015

Salight 509, Stantight
Apgustiee, 2fal T Apgushnz
Starrlzght it ryng Staright
Angon 12 2121078 =
Starrlzght 3

rogne | 273

Starrlzght iy Starrlighe
s O i
BasKoojgman 20101021 Bas Kovigman
Starrlsght o

o 012116
?%@ N6
Starlsht - Stighs
fogme 25
BasKoogman  201V11/11
BasKoogman 2013/1'1

BasKooymar 2011923
BasKoopman 20111011
BasKoogman 20123115

W11

author mod.

COMPLETE

&

g
§l\_’rl’5

3842 »
2792353

20133725 38 3 L0
201456 3233 b
3662 zam

2013620 1651 Li
20137620 3783 2b
3665 b

3783 2b

201212203382 LD

17225z
1692 2z
18 35Vb
1822353
183233

Fn3n 4
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ISt

s, DEBlab
=
:
8 2
date  author med. MM:E U dafa
W121016 3842 zp Lb ILp Li Wit R ¢l
201210415 279253 2 Vb Vp Wi RtV tN

2012127 5"“1'8.‘" 201332538 310 Ib Lp ap Li Wa R RQ LWw LWé LWN LWC tWw IR Tz TJO TN

0121028, S"“i"ﬂ“ 001456 3233 b zp Lb Lj Ip Li Wd Wwm R tL tN LWw LV LR LR WwR

201373 3662 :m L0 Lj Lp Li WOD WNO Wap Wdi R LWi LWw WdJO WaiN TR
Starrlzght : . o Wi

W 13620 1651 Li  Ww LWILWC LWN " WéIN

201041021 Basxoogman 2013620 3783 ab Ib Ip L Wd R RQ tL LF WwJO

2012116 3665 b 2z Lb Lp Li W Wad Ri tLX LNX LJOT LWd

2013/620 3783 b 2z am Ib LI  Ww tL LWw Wwl0
Slntdﬂht - - = : & Wu-

01212 21272 Y { - { 2

201212 19«\n: 201212203382 10 Ib Lp Li WdO Wwm Ri Wii0 WaR XtWw tWc LWw 0T

010111 17225:h b 2p am Lh Lb 1Ip Li Ri X tL  tWd

2013071 1692 2p 2m Li Wwmi GSI M NtMDNAtMRNA

2011925 18 35Vb +VfXap Xam X-Vp X-Vi XRi

20111011 18225z 23 2z Wab Wwp Wmi K M G R

2012513 1832326 2y 2 Ib Lt Li Wab Ww R

11 N2 2024 .t e T e TR T T T TETAA W DI
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THNE 2Mms2 FICERRD YO O wpas T

o A\ 5%
0 o /i;f'g =
o e .o~ = Add-my-pet: portal
-2 f a5t A
DEB -
oy Aims
The adc-my-pet collection staried at 12 Feb 2002 as part of the DEB iele course 2009, Add-my-pet aims to collect
pre—————vyvy
s 1. referenced dafa on the energetics of animal species, such that the parameters of the standard Dynamic Energy Budget (DEB) model, and
IMECIB those of iis different variants, can be estimated
2. coce for estimating DEB parameters from these data
| S 3. DEB parameter estimates
— 4. properiies of species that are implied by these paramelers
All material is public and access is free. Submissions can be sent to one of the curators, the name of the author remains aitached to the
MANUAL submission.
S

Go to the collection

Last update: 2014/10/16. The colection can be downloaded as Species xis Individual data, code and parameter files can be downloaded as well.

Board of curators
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Add_my pet collection

) Y & R | (s¢rigisvi@ estiniatel parameters
w predict_my pet scripts to compute expected values
w pars_my_petscripts to run model properties

mydata_my_pet

% set data % zexariate data % real data

% typically depend on scaled functional response f, see initial estimates below % here assumed to be equal afodatdl %e if they differ, the real
values can be inserted in coluninor 4 of Data (see below)

ab = 15; % 1 d, age at birth at f (age O is at onset of embryo development)

T_ab =273 + 20; % K, temperature db% observed age at puberty is frequently larger #itmrbecause diapauses during incubation
ap = 261; % 2 d, age at puberty at f

T_ap =273 + 20; % K, temperature dpi%%observedageat puberty frequently largerthan ap, becauseallocationto reproduction starts
below the first eggsappear

am = 591, % 3 d, life span at f (accounting for aging only)

T_am = 273 + 20; % K, temperature for am

Lb = 0.45; % 4 cm, physical length at birth at f

Lp = 2.36; % 5 cm, physical length at puberty at f

Li = 6.25; % 6 cm, ultimate physical length at f

Wb =5.86; % 7 g, dry weight at birth at f

Wp = 8e3; % 8 g, dry weight at puberty at f

Wi = 0.15; % 9 g, ultimate dry weight at f

Ri = 2.3; % 10 #/d, maximum reproduction rate at f (for individual of max length)

T_Ri = 273 + 20; % K, temperature for Ri

% pseudedata from pars_my_pet at T_ref from Kooy2010 % they supplement the real data, if necessary, to
provide enough information for all parameters to be estimated

v = 0.02; % 11 cm/d, energy conductance

kap =0.8; % 12allocation fraction to soma = growth + somatic maintenance
kap_R =0.95; % 13 reproduction efficiency

p_M =18; % 14 J/d.cm”3, [p_M] -gpkcific somatic maintenance
p.T = 0 % 15 J/d.cm”™2, {p_T} swsfamfic som maintenance
k J = 0.002; % 16 1/d, maturity maintenance rate coefficient
kap_G =.8; % 17growth efficiency

0 X0
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predict_my_pet

to compute expected values

function [Edata EL] = predict_my_pet(par, data, tL)

% par: (18)-vector with parameters (see below)

% data:(r_d,1)-matrix with zero-variate data (not all elements are used)

% tL: (r_L,1)-matrix with time since birth, length

% Edata:(r_d,1)-matrix with predicted values for data(:,2)

% EL:(r_L,1)-matrix with predicted values for tL(:,2)

%% unpack par

T ref = par(1); % K, temp for which rate pars are given

T_A =par(2); % K, Arrhenius temp

f=par(3); % -, scaled functional response

z =par(4); % -, zoom factor

del_M= par(5); % -, shape coefficient to convert vol-length to physical length

F_m= par(6); % I/d.cm”2, {F_m}, max spec searching rate

kap_X= par(7); % -, digestion efficiency of food to reserve

v = par(8); % cm/d, energy conductance

kap= par(9); % -, allocation fraction to soma = growth + somatic maintenance

kap_R= par(10);% -, reproduction efficiency

p_M=par(11);% J/d.cm”3, [p_M], vol-specific somatic maintenance

p_TFE par(12);% J/d.cm”2, {p_T}, surface-specific som maintenance

k_JF par(13);% 1/d, maturity maint rate coefficient

E_G =par(14);% Jlcm”"3, [E_G], spec cost for structure

E_Hb= par(15);% J, E_H"b, maturity at birth

E_Hp par(16);% J, E_H"p, maturity at puberty

h_a= par(17);% 1/d"2, Weibull aging acceleration

s_G = par(18);% -, Gompertz stress coefficient

d_V = dwm(2,1); d_E = dwm(3,1); % g/cm”3, specific densities for structure and reserve
w_V = dwm(2,2); w_E = dwm(3,2); % g/mol, molecular weights for structure and reserve (
mu_V = dwm(2,3); mu_E = dwm(3,3);% J/mol, chemical potentials for structure and reserve

D
Nt
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pars_my_pet

% copied from mydata_my_pet:

COMPLETE = 2.5;
% zerevariate data that have been used (see add_my_pet.df for description)
data_0 = {'ab’; 'ap’; 'am’; 'Lb'; 'Lp’; 'Li; 'Wdb'; 'Wdp'; 'Wdi'; 'Ri'};

% univariate data that have been used (see add_my_pet.pdf for description)
data_1 ={iL};

FIT = 9.9; % mark for goodness of fit

%% primary parameters of the standard DEB model in energy (J), length (cm), time (d)

% feeding & assimilation

F m =6.5; % l/d.cm”2, {F_m}, max spec searching rate
kap_X = 0.8; Yodigestion efficiency of food to reserve
kap_X_P = 0.1; Yo faecation efficiency of food to faeces

% mobilisation, maintenance, growth & reproduction

v = 002 ; % cm/d, energy conductance: reserve mobilisation

kap = 0.8; Yoallocation fraction to soma = growth + somatic maintenance
kap_R = 0.95; Yereproduction efficiency

p_M = 18; % J/id.cm”3, [p_M], volspezific somatic maintenance

p_T = 0; % Jld.cm”2, {p_T}, swefemmific somatic maintenance

k_J = 0.002; % 1/d, maturity maintenance rate coefficient

E_G = 2800; % Jicm”3, [E_G], volspeeific cost for structure

% life stages: E_H is the cumulated energy from reserve invested in maturation
E_Hb =273 *2.750& % J, E_H"b, maturity at birth

E_Hj = E_Hb; % J, E_H"j, maturity at metamorphosis

E_Hp =23 *5.000el; % J, E_H"p, maturity at puberty

% mark for completeness of the data that has been used for estimating

to run model properties

parameters

% aging
h_a=z"*1e-36; % 1/d"2, Weibull aging acceleration
5 G=1e4; % -, Gompertz stress coefficient

%% run DEBt:

to get implied properties

parscomp, % compound parameters, indepaendent of food densily

statistics. % food-dependend quantities
report_animal, % print result to screen
%report_xls; % print result to an Excel file in Matlab (see report_xIs_init)(.
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To summarize

DEB theory offers a strong mechanistic and conceptual
framework for an enormous range of applications

Powerful quantitative tool for designing experiments
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To learn more about DEB

http://www.bio.vu.nl/thb/deb/course/

DEB International telecourse

0 General theoretical part (5 wk, pdine) (elearning, free)
o Practical training part (1 wk) (classroom mode)

o DEB symposium (3 days)

Audience
o Primarily meant for graduate students, but advanced undergraduates & scien
o Biology, mathematics, engineering, chemistry or physics

Previous editions

0 Telecourse + symposium DEB 20d3Marseille, France

o Te | e-course + symposium DEB 20t 3Texel, Netherlands
o Te | e-course + symposium DEB 20t 1Lisbon

o Telecourse + symposium DEB 20%7Tromsg, Norway
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Chapter 7

Population Dynamics an&econdary
Production
In aguatic ecosystems

Marina Dolbeth (CESAM)



How individuals in a population change over time
(relations between abundance, body mass/or size and Yime

What is a population?

A a group of individuals belonging to the same species, living in the
same area, at the same time

A share a common genetic pool that allows them to interbreed

How and why can a population change over time?

Population size

Time (days, months, years..)
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Processeg populationdynamics

How and why can a population change over time?

Population dynamics is based on modeling the growth processes.

(A) Single Animal (B) Group of Animals
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Important conceptsin populationdynamics

Parameters

A Abundance: number of individuals

A Density: number of individuals per reference area or volume

A Body mass: the body mass of one individual

A Biomass: total living mass per ref. area or volume (=sum of all body mass)

Processes
A Individual growth: increase in size and/or mass of an individual with time

A Recruitment: addition of new individuals to the population
A Mortality: loss of individuals from the population

Why to study population dynamics

Examples

A Response to ecosystem perturbation

A Understand ecosystem dynamics and ecological processes (e.g.
production)

A Fisheries management (sustainable yield)
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Individualgrowth

Increase in size and/or mass of an

individual with time

Individual growth is one of the main
characteristics of organisms and hence an
important parameter in population

dynamics.

Without knowledge of growth, we are not

(A) Single Animal
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able to calculate population mortality or

production

Figure fromBrey2001

Different types of individual growth
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(A)

Semi-linear growth in the amphipod
Amphelisca agassizi on Georges Bank,
Adtlantic. Note the two cohorts per year.
(Collie 1985).

(B)

Assymptotic growth of the ophiuroid
Ophiura ophiura from Scotland.
(Gage 1990).

(©)

Seasonal oscillations in growth of the
clam Mya arenaria in shallow waters of
Denmark. Seasonal oscillations
constructed with day-degrees.
(Munch-Petersen 1973).

Figure fromBrey2001



Measure growth

The most simple way to measure growth is to determine the body mass of an
animal at two different time

The difference in mass is absolute growth:
Absolute growth = Change in massM, - M, [d]

If we relate the change in mass to the time required for this change, we obtain t
blroaz2ftdziSé¢ 3INRPGGK NIGSET AdSod INRGUK
Absolute growth rate = Change in mass/unit of time(M, - M,) / (t, - t,) [g/d]

If we express the rate of growth in terms of the initial body mass M1, we obtain
the "relative” rate of growth for a discrete distance in time
Relative rate of growth= (1/initial mass) * (Change in mass/unit of time)

= (M) * (M2 - My) [ (t; - ) [1/d]

Growth rate-> valid for one moment in time
Adapted fromBrey2001
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Models to measure growth

Growth models to describe patterns of individual growth over lifetime

Individual growth curves are quite variable. Different attempts have been made

to develop growth functions to describe those patterns based on e parameters:

- growth rate;

- asymptotic size or mass that the individual will reach after an infinite time of
growth.

Example:
von Bertalanffy equation

growth constant
L, =(L) x (1 — e®*{-0)

asymptotic length
Example: von Bertalanffy equation

A LO (ength)
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_ i@’%fquatmn B
LO-L.(1-e™X)

.-"",'i'-: /i i

0 — t (zge)

http:// www.fao.org
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Individualgrowth

. Gwendraeth estuary Gironde estuary
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Fig. 7. Scrobiculana plana. Growth estimation (total length vs. age) using the von Bertalanffy equation on different popula-
tions along a latitudinal gradient. k: growth coefficient

Verdelhoset al. 2011Mar EcolProgSer442,271¢283

|
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Fig, 2. Tempersture (ch-
mate normals, 1971 to 2000)
along a latitudinal gradient.
Monthly average maximium
(black line) and minimum
(grey line) temperatures

VerdelhosT et al. 201Mar EcolProgSer442, 271283



Othergrowth models

0 X0
Check for instance in NJBwrtsi handbook
http:// www.thomasbrey.ddsciencekirtualhandbooknavlodgindex.html

Schnute's . Seasonally
1 " Specific” . Growth
general growth growth models oscill. growih performance

model
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Production
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time]

P.= A-(P,+ R)

Processethat affect production

=
P

Individ. Body Mass M =

(A) Single Animal

]

Jaw

1

2 Tempo

Production= GROWTH

=
h

Average Body Mass M =

(B) Group of Animals

5

]

N @2ue pundgy

IS

1

2

Tempo

Productioninfluencedby
GROWTH & MORTALITY

155



Factors affecting production

Biotic factors
(e.g. Competition, predation)

Growth Rate g

Temperature

FOOd(quaIity/quantity)

Body size w

Fecundity

Density- N

Mortality

Figure 2. Ecological vartables (abiotic and biotic) that influence or contribute 10 secondary production. Note that Production (£) is the product

of growth rale (g) and bomass (8) (L.e. P =g x B}, bromass s the product of mean body size (M) and density (N) (Le. B =M x N), and length of

life (cohon production interval, CPI) s influenced by temperature, body size and food guality/quantity. For discussion of these relotionships, see
Benke, 1993; Huryn and Benke, 2007)

AdaptedBenke2009
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Production

Primaryproduction: autotrophic organisms
Secondaryproduction: heterotrophic organisms

Secondaryproduction

Variation of biomass through time
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Secondaryproduction

Variation of biomass through time

Examples
- Fishing
- Pollution
- Storms

Time

158



Structural versus Functional

Density biomassand production

Estuarineinvertebrateswith r' functional _ _
traits and dynamics Estuarinearea with several

anthropogenicand climateimpacts
10-year study period

Procuction
- =—={}=— Bipmass
" @ Dermity

SEAGRASS BED

SANDFLAT

Dolbethet al. 2012
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Why secondaryproduction? Differentapplications

1. Gain information on a species population
dynamics

2. Assessment of anthropogenic impacts on the e g. Eutrophication, pollution
ecosystem

3. Assessment of climate impacts on the ecosysterg_g. Droughts, floods, heat

: : waves
4. Management of biological resources

Biomass/energy available for othgophic levels .
e.g. Rational management of

biological resources;
1. Energy flow and food web quantification carrying capacity for fish
and shellfish resources

2. Biotic interactions
e.g. Production important

3. Evaluation of the functional importance of non component/part
indigenous invasive animals, including abiotic anslg. competition and
biotic interactions predatorgprey

relationships
e.g. changes in nutrient

fluxes; competition with
indigenous species
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Assessment of anthropogenic impacts (e fuxrophication

Impoverished system

Threshold

Changes in production

| Phytoplankton T

Zooplankton T l—
r

!

Macrobenthos T |

Vascular plants

Nutrient-enriched system

Increasing nutrient loading

Changes in production

Phytoplankton
blooms

Zooplankton n

ft

A4

nthos lT

N\

\‘ Macrobe

Macroalgal
blooms

f1

Vascular plantsu

The link between secondary production and nutrient loading in aquatic
ecosystems may be complicated by the interference of other
environmental factors:

Eutrophicationand primary production

Among consequences:

Dolbeth et al. 2012

Changes in composition and production of primary producers affecting
heterotrophic organisms depending on those producers

Example:
100
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25

Percent primary production

0 100 200
Nitrogen loading rates (kg ha'! yr!)

l'l]L'IL"I'OCng{_'IC

300

400

500

resulting in a
different trophic
organization of the
community
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Eutrophicationand primary production

Ocurrenceof macroalgablooms ancseagras®ed decline

. Ulvaspp. bloom . Seagrassdecline
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Eutrophicationand secondaryproducion

Fishlandingfrom the Kattegatarea

Nixon and Buckley (2002): 'w]
1440 L]
Nutrients are a fundamental I
requirement for the biomass production ':;looJ
2
(trade-off between positive and €%
negative impacts should be considered) %f:
§ 20
0

500

PRIMARY PRODUCTION, gCm™y"'

Historical comparisons showing that
nutrient enrichment contributed to an
increase of benthic communities and fish
production in impoverished coastal marine
ecosystems

Multiple strassors
Nutrient loading
Chimate
Hydrologeeal manipuiations
Invasive spacies
Toxic comamnants
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Functional importance
Nonindigenous invasive speciesllS

Production: - Bioenergetics performance of population (resource allocation
- Interactions with other species (competition, predation)

Functional importance of invasive animals: degree to which they
dominate secondary production relative to native animals

- Studies with NIS production are scarce

- Gains in NIS productioithanges in ecosystem functioning attributable
to a few highimpact species, which play entirely new roles in the
ecosystem

Impact: where is NIS in thieophic chain?

Primary Secondary
ﬁ
Producers  )e==>{ . cumers consumers
ry 1
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Molluscs NIS production (e.g.)

Potamopyrgus
antipodarum
New Zealand
mudsnail

Hall et al. 2006

FRarbml cormren iy v
WY FTCREDS PLA0e

Greater Yellowstone Area
rivers (Wyoming, USA)
Corbiculdluminea
(Asian clam)
Sousa et al. 2008

DreissengolymorphaZebra
.| mussel), Chase 1999,
. Czarnoleslet al. 2003

Crassostregigas
(Pacific oyster) and
Ruditapes
philippinarum
(Manila clams)
Ruesinlet al. 2006

Commercial importance

Greatest values ever measured

NIS: 7 to 40x higher production compared t
other invertebrates production

(community data fromBenke1993, Hall et
al. 2006, among others)
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Brackish water  Freshwater Corbicula fluminea
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Annual yield (kg)

Molluscs NIS production (e.g.)

Ruesinket al. 2006
WillapaBay, Washington, USA

4] Ruditapes 4 introduced species: 2 plants + 2 bivalve
Crassostregigas Philippinarum _ _
Pacificoyster ~ Manilaclams Ecosystem engineers = changes in processe:
5000000 1 ‘ %

| —e— Native oysters e
| —o- Pacific oysters il - 19712003
40000001 | ~a- Mansa clams ! : . | _ 350000
' el ) S 300000 -
EIg sustainable | B~
000000 {0 harvests | B 2 250000
¢ {.\A\ N %é 200000 -
AR 16 ¢ \:‘, Y 2 150000 -
sustainable o SR, 2 19661988
1000000 haryests A | 100000 +—
50000 - - 19912003 —
04 T T T v w -+ 0 - . . n
1840 1860 1880 1900 1920 1940 1960 1980 2000 2020 Native  Pacific  Manila
oysters oysters  clams
Production by focal bivalves increased by 250% f

- economic consequences _ _ _ _
introduced for economic benefit, which

on a local scale precludes production by
other species

But decline of native oyster and other native
organisms (plants, invertebrates)
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Marine estuarine dependent species (nursery)

Dicentrarchudabrax

Recruitment June

Migration to coast after approx. 2
years (winter, JafreB

D. labrax

¥

Soleasolea

Recruitment January March/April
Migration to coast after approx. 2
years (winter, NoADec)

Platichthysflesus
Recruitment April
Migration to coast after approx. 2

years (Spring, Agvlay)

10 months
4¢l4cm

10 months
6¢20cm

9 months
7¢14 cm
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Impact of drought on fish production

U salinityvariations Potentially, the major driving
U lowfreshwater discharges forces acting in the

(i temperaturevariations recruitment success and
population development of

the species

Limiting effect of high temperatures and salinity variations on eggs and
larvae development

Decrease in river discharge: potentially lower primary production and the
chemical cues for by larvae of marine species in coastal areas

Higher salinity incursion in the estuary increased preeivorousnarine
adventitious species: increase of predation
How to compute?
CLASSICAL MODELS

Survivorshigurve

g

Mean density (N)

Area = production

168
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How to compute/estimate

Populations with synchronic Populations with continuous
development: NBE LINE RdzZOBAZEDY 6

4/ hl hwe¢ a9¢l h5{ ¢ ag9¢l hs5{¢

Increment summatiorincrement  Size frequencsodified byBenke
removal! f £ Sy Qa O dZN33B, Masspecific growth rate,
Instantaneous growtifWinberg Massspecific mortality rate
1971)

\~............\(,.........._a/

EMPIRICAL MODELS
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Populations with synchronic development
Cohort methods
15t - |dentify cohors

Cohorts

Group of individuals with the same age, born at the same time
- AGEbou MODAL ANALISYS

SizeFrequency

distribution analysis Cohort Linear Growth
Cardium edule
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Cohorts fromScrobiculariglana(clam)
population ofMondegoestuary

§ 12 18 24 30 mm in Verdelhoset al. 2005

in Brey2001
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Cohorts Hydrobia ulvae

‘ - Regulaisamplingof the populationthroughout x time
: ~ (atleast1 yeal)
3 Mesureall individuals

~ Recogpnitiorof the cohort through sizefrequency
distribution analysis of successive sampling dates

& 507 24/02/93
g N =293
> 407
s
% 30 -
2 20 c3C2C1
E ,;LO C4 v o E_xar_nple_ac frequency
L distribution
D: Q/O 2
0.0 05 1.0 1.5 2.0 25 3.0 3.5 4.0 Software: e.g.
Classes de comprimento (mm) ANAMOD, FISAT
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Defining cohorts (e.g. FISAShbasé

LEBAT F (Warsten 1 PP rogroreasVt DA T Memerrgia My]
| T s—— - ——_—

a| x/we| ¥|

Identify

modal
Decomposition of Composite Distributions using NORMSEP [Simplex algonthm) CIass'
S ﬁeneral. F'_Iots]
#
|— Select Sample Mo. Group Appros. Mean Computed Mean 5.0. Population 51 =]
= 1 373 0.980 33800 na.
2 15.27 15.27 1.600 2200 8.950
3
4
5
g
7
t g -
[ | W]
1
] | &
=10
' -
(&)
| 5
=
T
| i
0.0 T T : f T
E 5.5 105 15.5 205
Length (cm)
I Redo Compute Save MSD Print... LCloze
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Cohortsseabasg D.labrax

Cc3
40- v JUN 03
n = 441
30
207 c2 C1
10 v v

1 4 7 10 13 16 19 22 25 28 31 34 37 40

3 404 c3 ocT 03
< \Y n =299

> % A ;. D. labrax

2 2

g ; %2 %1 E 2y 2+

07 20

g | o ) 029gm?%y*®
= 0 - P °

o 1 4 7 10 13 16 19 22 25 28 31 34 37 40 -~ P

= -2,,-1
£ w0, JAN 04 o) 1y mp 0.07gmy
T 5 %3 n =207 s

E 20 c2 i S 10
S v v ©
S 109 g 5 0y

.
Q 1 4 7 10 13 16 19 22 25 28 31 34 37 40 0 C3 C4 C5 06 [ ]

DORCNOZAORPLSICESPRCN0ZORLSICEPCN0oZORPLSI<=S

40 4 C3 JUN 04
1 M 2 "C=178 Fig. Linear growth of the nursery specizisentrarchugabrax
*1 v v v with indication of standard deviation

1 4 7 10 13 16 19 22 25 28 31 34 37 40

Size frequency distribution @icentrarchusabraxfor selected
months. Arrowheads = identified cohorts: C1, oldest cohort; C3,
youngest cohort; n, total number fish

(Martinhoet al. 2008)

(Dolbethet al. 2008)
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Agedetermination/cohorts
Sizeat age data

Age determination with growth marks at subsequent time intervals:

Benthic animals

A growth rings in bivalve shells
A growth lines in echinoid tests
A growth lines inpolychaetejaws

Fish
A otoliths, scales

http:// www.asnailsodyssey.cotMAG
ES/CLAM/Gall&Gall1982.gif

Age determination with growth marks at subsequent intervals of
absolute time:

Fish
A otoliths, scales

Nerth Ses Face ceught Morch WY

11 Bpeger mg
wiog et
MIT Speger 1oy
no. .
CT

s

W Spteand

¢ Nom
e b

Mogntication 2 10 foth  olsh

http:// www.fao.org
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Mean density (N)

f

f

For 1 cohort

Mean body mass (w)

Survivorshipcurve of one cohortfrom a population

N, density, w, meanindividualweigth; t, instant time; T, final

time

Cohort methods

Method

Equation

Cohort methods®
Increment summation

Increment removal

Instantaneous growth

Allen curve

i=n

P=Y"P,
i=1

T—1
N+ N, _ _
P, :Z <%> X (W1 — Wy)

=0

i=n

P=>"(AB; +E;)
i—1
AB; = B;, + By,
T-1 ,— | —
Ei = (%) X (Nis1 — Ny)
t=0
i=n
P=>"P,
i=1

Wit 1
w,

r=5 () () 76

P =B+ [Uf(w) dw



Cohort methods

Mean denrelty (N nea)

@)

©)

M) -
4 3-”(~'y | &X“i,nr “‘yz
.
N
\g
K\:g %

\ . o (d)
2 B- (M M)y W2
_?;_’fffs \ 12 P=E+(§,8)

t!

N

\g
.......... et
Finalolomass (B,)
Mean body mass {Wean)
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Incrementsummation

N0
Increment summation method
oy o
) H+B NxAw
s N, W+ ANXw
a =
Ny q
N — .
W0 Wt Wt+1 W

Individual weight

Survivorshipcurveof one cohortfrom a population

N, density, w, meanindividualweigth; t, instanttime; T, finaltime

Classical methods: Increment Summation

for w.. ;> w,

P 1 prodution (g m=2year?);

N T density (ind m3); Ratio P/B = biomass
W i individual weight (g m2); turnover rate (time)
B population biomass tempo de renovacao da

populacao



Density

Produtionof a population

With severalcohortsX

“*%: Cohort1 ¢ recruitment in March

L. Cohort2 ¢ recruitment in June

N \\.
i e - -
™ -\ Cohort3 ¢ recruitment in August
Time
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Classicamethods IncrementSummation

More than 1 cohort

Population production

T—1 N
Nz + Nt+1> _ — _
Pcn = X \w — W P = Pcn
> ( . (e — ) n§:1i

Average population biomass

B - (%) 3" (B)

n=1
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Population with continuous reproduction

Sizebased methods

Hynes method

Size-based methods
Size frequency modified by Benke 1979 a-1 )
P a Z(Nijj‘F])Xﬂ/“}jXWﬂ»l X%

J=1

Size frequency modified by Grémare et al. 1989 P = 20_5 S [(Yij+ Yiers) — (Yijer + Yirnj)] X (wy+ wjip)®
Mass-specific growth or instantaneous growth for . . . . _ Inwepadwy
non-cohort populations” Growth rates (g) determined independently of field sampling g = AL

a—1
P = Zg/ X Ej
j=1

Classicainethods Sizefrequencymodified by Benke(1979)

Continousreprodution not possible to identify cohorts

P= gaa a[(Nj i NJ+1) \/(_ S W) ﬂgi?

P ¢ production (g nt year?);
N ¢ density (nd m);

W ¢ body mass (g M);

ac n° of size classes;
CPK life span (days).

Regular sampling of the population (at least 1 year)
Measure all individuals

Estimate production, based on biomass variations of different size classes over

year: AVERAGE COHORT
Example S. plana



file://localhost/Users/Marina/Documents/Documentos/Aulas:Semin%C3%A1rios/2015/curso CIIMAR/e.g. S Freq Splana.xlsx

Wropicuiana piana

01/10/1593 18/10/1993 02/11/1%93 17/11/1993 03/12/1993

Sizefrequencymodified by
Benke(1979)

17/12/1993 30/12/1993

Cl comprimento (mm) w g} ind/m2 ind/m2 ind/m2 ind/m2 ind/m2 ind/m2 ind/m2 N média Nj -Nj+1 sqrt (wt*wt+1) P B
15 2.94729E05 84 286 293 1863 1831 1698 1530 ¥ a0 0.0124
35 0.00028746 28 63 56 117 183 119 161 " 60 360 0.0001 0.0331 0.0174
55 0.000968802 0 14 14 31 42 56 42 Y 13 47 0.0005 0.0250 0.0127
7.5 0.002230063 Q0 [} 7 16 14 7 14 B3 10 0.0015 0.0142 0.0076
9.5 0.004210006 0 0 0 0 0 0 0 % 1 3 0.0031 0.0078 0.0037
115 0.007035985 0 0 0 0 0 0 0 i 0 0.0054 0.0017 0.0039
135 0.01082711 0 0 0 0 0 0 0 WL i} 0.0087 -0.0024 0.0091
155 0.015696123 0 [ 0 0 o 0 0 r 1 0 0.0130 0.0036 0.0088
175 0.021750628 0 Q 7 0 0 Q0 0 R [} 0.0185 0.0000 0.0122
185 0.025093957 0 0 0 0 0 0 0 T -1 0.0252 0.0156 0.0344
215 0.037825803 0 0 0 0 7 0 0 4 > L 0 0.0332 -0.0093 0.0553
235 0.048042706 0 o 0 0 14 0 0 E X 0 0.0426 0.0158  0.0880
255 0.055838438 0 Q 0 8 0 7 0 ¥ 4 2 0.0536 0.1052 0.2271
27.5 0.073304304 0 0 0 0 21 7 0 r s -1 0.0662 0.0700 0.3557
28.5 0.088529359 0 0 0 0 0 0 0 ¥ & -1 0.0806 -0.0674 0.5036
315 0.105600815 Q0 [} 7 8 14 0 0 Y 8 0 0.0967 0.0393 0.6436
335 0.124603818 0 0 0 0 7 7 0 % 5 1 0.1147 0.1284 0.6200
355 0.145621999 0 0 0 0 0 0 0 2 3 0.1347 03438  0.3529
375 0.168737405 0 0 0 0 0 0 0 L 1 0.1568 0.19%4 0.1943
385 0.194030651 0 [} 0 0 0 0 0 Y o 1 0.1809 0.1519  0.0605

Sum 0.5839
N dasses 20
Esperanga média de vida 62 meses
Produgdo 12
Produgdo CPl correction 2.2 g/m2/ano
Biomassa média populagdo 3.2 g/m2
P/B_ 07 ano-l

Classicainethods Sizebasedmethods

Breyvirtual handbook on population dynamics of benthic invertebrates:
http://www.thomas-brey.de/science/virtualhandbook/

Download de computation spreadsheets

http:// www.thomasbrey.ddsciencekirtualhandbooknavlod index.html
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http://www.thomas-brey.de/science/virtualhandbook/
http://www.thomas-brey.de/science/virtualhandbook/navlog/index.html

Massspecific growth or instantaneous growth

for non-cohort populations

Growth rates need to be determinepriori

http:// www.thomasbrey.ddscienceirtualhandbooknavlogindex.html
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Table 3. Classical production methods for the computation of the secondary production.

Method Equation
Cohort methods*
Increment summation i=n

Increment removal i=n
P=) (AB+E)

AB; = Bs, + By,

E=S (P v,
i 2 r+1 1

Instantaneous growth i=n
P=>Y"P,
i=1
& Wi B, +§ 1
P, = In—L Zr T2l
5 )
=0
Allen curve P=B;+ f:”f(w) dw

Size-based methods
Size frequency modified by Benke 1979

al
P:u\‘Z(NijJJrl) x /(W X Wit J x %
=1

Size frequency modified by Grémare et al. 1989 P= 20.5 X [(Yij+ Yirry) = (Yijer + Yisrj1)] % (wj + WM)O,S
Mass-specific growth or instantaneous growth for e . . - . _ Inwiadw
non-cohort populations” Growth rates (g) determined independently of field sampling g = —Ar

a- _
P= 8; X Bj
Jj=1

Note: Classical methods to compute secondary production are generally classified as cohort- and size-based methods. For cohort methods, cohorts must
be recognized initially and the production will be the area within the survivorship curve of each cohort (body mass against population density; see Fig. 1).
Different cohort-based methods consist of different ways in computing that area. When population development is not synchronous and a cohort cannot be
identified, size-based methods can be used, including the instantaneous growth method, as long as an independent growth rate is determined. Size fre-
quency method requires the evaluation of population size structure, so estimates of density must be repeatedly obtained for each size class. Units are in
mass or energy per area per time. Legend: P, total production; P, cohort i production; N, density; W, average body mass or individual mass; E, elimina-

.. cohort i elimination; B, mean biomass;  and ¢ + 1, successive sampling dates (1 = 1, 2, ...,n); AB,,, residual biomass from cohort i: Bs,, final
‘from cohort i i3 By, initial biomass from cohort i; 7, total sampling time; CPI, cohort produLuon interval; a, number of size classes; j and j + 1, suc-
cessive size classes (j = 1, 2,...,n); i and i + 1, successive sampling dates. See other variants in Cusson et al. 2006.
“Winberg 1971; Crisp 1984; Cusson 2004; Cusson et al. 2006.
"Benke 1993.

Dolbeth et al. 2012
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production biologist has to do; all of the real difficulties are

associated with the collection of the data that go into
Ol £t Odzf I GA2Yy E

Riglerand Downing 1984
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Practical work
Population dynamics and
secondary production of species 1

Sampling

Species_1vas sampled in an intertidal area of an estuargystem
6 replicates were collected, with total area 0.014m

Samplingpccurred once per month, during 1 year (July 20ddne
2012)
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Species_1

All individuals were measured

Classes de tamanho (mm) Juli11 Ago/11 Set/11 Out/11
0.25 0 0 100 15
0.50 Q 0 L) 58
0.75 1 0 57 80
1.00 5 0 20 64
1.25 5 1 1 45
1.50 24 5 4] 15
1.75 36 5 1 3
2.00 37 7 3 0
2.25 27 36 6 0
2.50 5 37 34 1
2.75 4 27 25 5
3.00 1 5 30 17
3.25 4 B 15 28
3.50 1 1 7 19
3.75 0 1 1 4
4.00 0 0 1 1

Some individuals were simultaneously measured and weighted to
determine the relationship between size and body mass

0.0140 - | Spgcles_1 | |
Body mass = 0.0005 length * 2.2869 - #
00120 | R2 = 0.9934

Com primentuiﬁ {mm)
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10

20

30

40

Relativesize

Isreproduction continuous or discrete :
frequency analysis

If dlsc_:rete reproduction, how many FISAE linear growtr
recruitments/year?

Increment

What is the annual production of species_17? . :
Summation equatio

Evaluation of

. . 1 2
Whatis the species turnoveP(B relation)” population biomast

Classical methods: Increment Summation

for w. > w;

P 1 prodution (g m=2year?);

N T density (ind m-2);

W i individual weight (g m2);
B i population biomass

Ratio P/B = biomass turnover rate (time?)
tempo de renovacéao da populacao
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30%

25%

20%

15%

10%

5%

0%
35%
30%
25%
20%

15%

25%

20%

15%

10%

Sizefrequency analysis

species 1

o
Jul 11 0% Nov 11 0% Mar 12
( 1 n=150 25% n=255 25% n= 185
20% 20%
15% 15%
10% 10%
5% 5%
4 0% 0%
( 1 Ago 11 0% Chc 11 2% Fev 12
n=129 35% nf 129 n=182
20%
30%
25% 15%
20%
15% 10%
10%
5%
5%
0% 0%
Sep 11 % Jan 12 20% ai 12
( 2 n=390 n=46 = 139
20%
15%
15%
( : 1 10%
10%
5%
5%
0% 0%
Oct 11 0% Fev12 3% Jun 12
n=355 25% n=47 30% n=135
25%
20%
20%
15%
15%
10%
10%
5% 5%
0% 0%
03 08 13 18 23 28 33 38 03 08 13 18 23 28 33 38 03 08 13 18 23 28 33 38

comprimento (mm)

comprimento (mm)

comprimento (mm)
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Results
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| c3

e
. . Size frequency analysis
] _ullm .
° from species_1 FISAT
o
] ;: I ..
il
= -
i

How many recruitment per year for
species_17?
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Linear growth
(after modal analysis)

FISAT: Identify modal clasaverage, standard deviation and n° of
individuals per class

|

Jun-12 0141 191 0.41 135

| Cohort Sampling date  Area Average Length s.d. N° de individuos

l t m2 mm mm

1 3 Jul-11 0.141 1.92 0.458 150

Aug-11 0141 244 04 129

|1 Sep-11 0.141 281 0.38 123

=3 Oct-11 0141 325 9.27 75

|4 Nov-11 0.141 3.39 0.25 50
1 Dec-11 0141 3.56 0.16 9

153.0 [
Coorte Data Area Comprimento médio  sd.  N°de individuos

2 Sep-11 0.141 0.5 [_024 1 267 1
2 Oct-11 0.141 0.86 033 280 Llnear
2 Nov-11 0.141 1.36 03 205
2 Dec-11 0141 181 03 108 growth
2 Jan-12 0.141 213 0.44 46
2 Feb-12 0.141 241 0.41 47

|2 Mar-12 0.141 3.03 0.37 )

|2 Apr-12 0.141 328 0.263 50
2 May-12 0.141 3.64 0.222 11

|

| Coorte Data Area Comprimento médio s.d. N de individuos

|3 Mar-12 0141 0.56 9.27 13

|3 Apr-12 0.141 0.e1 0.31¢ 132

|3 May-12 0141 1.54 047 128

| 3

l

4.5
4 4
E 35
£
~— 3_
Qo
S 25
£ 5]
o
§1.5-
1_
0.5
O T T T T T T T T T T T

Jun-11 Jul-11 Aug-11 Sep-11 Oct-11 Nov-11 Dec-11 Jan-12 Feb-12 Mar-12 May-12 Jun-12
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Evaluation of production

Corert Samplog cule  Ave Average Lasg " N* i retiveduon Doty maws (w) Ouwnaity (N) Poguaton Bomass (8) N w
me ™ Al GOV N i@ 2 INE = NS1HZ et oWt P
1 caa 192 Uasa 150 00022228 w0oes 24
1 cad 24 0s 15 000084436 ns s L] 00orE241 i3]
1 2 2 038 12 0 008510308 2 48 204 0 001488308 13
1 0141 225 0y ™ 00078062 532 s m 0 DO2066342 185
1 S4 3w 028 w0 0008156122 s 29 40 0 0UCTA Y 03
1 S141 156 018 9 o00N21E1 e a8 208 0 DOCGesEss 02
15
Coorte Aoa  Comprimeniomddo 4. N g el wl o~ 3
2 G4 0s 024 xt 0 COC100450 4 a2
2 2141 088 o33 280 000055414 1568 o7 1840 0000251862 0s
2 CAL)) 136 o3 s 0000099 "4 15 wa 0 DO0ESE5 1 0
2 2141 181 03 108 Q001IMA2E Tes 18 "o 0000631908 18
2 EALL) an LEL) “« 0002018002 xn6 08 44 0 OIH7SSTe 03
2 o141 241 041 & L.00Irarnua I 12 ix 0000816701 03
2 LALL) s 07 o 0.0062083 @3 3 M 000571567 "
2 ca4s1 128 0263 s Q007384 355 2 a2 0001254184 0s
214 164 0222 " U0036aTIEZ s ar Fall 0000367 04
1A
Ava  Comrmmenio o 38 N e it [ w) [+ ™ e o (8)
LR L) 088 ozr 13 000013277 o oy
o4 a8 9319 w 0500300 s 93 L] 00001 1653S 02
Soa 154 07 128 0001342181 o« 12 L 74 0.00t03327e 1
et o as e 0007196168 i a9 k28] 00w un
o
Produgle 123 gAYOW M’ yeer|
Bomassa 23 gaOWm”
L] 54 er! J
Annual production? Production 12.3 g AFDM m2 year
Average biomass? Biomass 2.3 g AFDM m-?
P/ B? P/B 5.4 year?
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Conclusions

Production is a measure of the success of population/community in
the ecosystent, a way to quantify functioning

Nowadays, aquatic ecosystems will have to integrate multiple stresso
impact- difficult to isolate stress factors and their effects, $0oes the
ecosystem maintains its functioning after disturbance (e.g. BEF d&ba

Density and biomass are static measuresd do not necessarily
provide the same information as production (although the high
correlation between P & B)

Accurate estimation®f production, withclassical methodsmay be
time consuming cannot be used as quick assessment to evaluate the
guality status of a systeldUT

Empirical modelsnay be an alternative (still being developing new
models)

Provided these are used with care, and with a good measure of the
population biomass, mean individual body mass (and even better, wil
an life span estimate), especially if used for community production
estimates
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Habitat assessment

Marine habitats are threatened by + We need to

Assespresentstate

Assessisks predictdevelopments
Define priority aredsr protection
Monitorinterventions

Climate change

Naturaland marmade pollution
Overharvesting

Otherhuman disturbances

N N N N
N N N N

Marine life depends on habitats

N

1.0

Intrinsic extinction risk

O Human impact
% Climate velocity

Hotspots of human impact and velocity of climate change overlaid on mean
intrinsic marine life extinction risk (Finnegan et al., 2015, Science)

http://lwww.unep-wcmc.org/news/marindife-at-high-risk-of-extinction-identified-with-help-from-fossils

Essential habitat the habitat necessary for a species to compligelife cycle; different
life stages of the same species often ulsierent habitats.

l.e. habitat identified a®ssential to the ecological and biologicafjuirements for
critical life history stages of specjesnostly studiedor exploited species and specie
which may require special protectibm improve stock status and long term
sustainabilityto improve stock status and long term sustainability

197



Habitat assessment

Essential fish habitat (EFH)w habitat necessary for managédh to
complete their life cycle, thus contributing to a fishenat can be

harvested sustainably
Only in the USA, EFH has to be defined for each life stage of
approximately 1,000 managed species

Fisheries
Essential Fish Habitat (EFH) a : 2 o R,
Habitat Areas of Particular B
Concern (HAPC) for US west : Soundance pa 95040, k.
coast groundfish and Northern ‘ e
Anchovy larval abundance (log — poiti

transformed abundance,
assigned to 950 Kingrid cells

http://www.noaa.gov/iea/Assets/ieal/california/Report/key
ecosystermcomponents/Fisheries0522_150dpi.png
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Habitat assessment

Critical habitat (CH) kabitat designated for the survival amecovery of
species listed as threatened or endangered uritier Endangered
Species Act (ESA)

Critical habitat includes thosareas occupied by the species, in which
physical and iologicalfeatures that are essential to the conservatioh an
ESA listed species are founadwehich may require special of an ESA
listed species are found and which may reggjecialmanagement
considerations or protection.

Critical habitat may also includaoccupied habitat that is considered
essential for the conservatioof the species

Loggerhead turtle critical habitat

Loggerhead Critical Habitat

MAgronoey Hatstan

Larpaviam Hastat ,i!\f)‘

Beoedhrg ubiat g4
wrterog Hatste

¥ tat

17
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Habitat assessment

Habitat modelling for marine speciesincreasingly used as
managementool, to support conservation and sustainable
exploitation+ estimates for ursampled areas, predictions

Based on

the abundance of organisnat specific life cycle stages (e.g. sub
adults) 2

the habitatidentified as the aggregation of abiotic and biotic
parameters where individuals of that specific life cycle stage are
concentrated (e.g. recruitment grounds)

N.B. Successful modelling depends on knowledge of species biology
and ecology, thus permitting selection of appropriate variables,
measured at an appropriate scale (Valavanis et al., 2008).



GISH habitat assessment

GIS help to

¢ Acquire, manage, analyse, and visualise spatial and thema
oceanic data

Applications

¢ Mapping, tracking (trends/dynamics), analysis of
Marine habitats
Water quality

Species distribution, population, and behaviour
Pollution

Fishing grounds
Other factors that impact marine life

t Identification of atrisk areas in danger of biodiversity loss,
habitat loss andresourcedepletion

t  Monitoring of conservation/protected areas

GI% Wotld Model

o in Rliecr
Tmagery

~~~~~~~~~

hirapiyl dutribulion)
]
L Ocean curernts
e | (Vecky tats)
v

Hathymetry
(Onsded ta
Vectar datat)

Dals bhase access

(oodrates. siton,
MR

st oy 201
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GISEH data

Features
¢ spatial reference (coordinates)
C type (vector data: point, line, polygon; raster)
¢ dimension (1D, 2D, 3D)

Spatial reference

. The Earth
Geographic
reference system

horizontal and vertical

i, s Independent handling of k

The ellipsoid Marine geoid (actually geoid

undulation, but called simply

I geoid) represents the distance
to the reference ellipsoid

Elevation

Mean Sea Level

http://unstats.un.org/UNSD/geoinfo/UNGEGN/docs/_data_ICAcourses
/_HtmIModules/_Selfstudy/S06/S06_03a.html



Spatial reference

Geographic coordinate system
N

Equatorial radius
RE: 6.378.137 m

Polar radius
R, =6.356.752 m

Elipsoide WG84 (World Geodetic System 1984)

Spatial reference

Geographic coordinate system

Meridian 2 pole g

Point on
the Surface

Normalto
the Surface

Latitude
(0.190%)

2 Equator
Longitude
(0 - 11807)
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Spatial reference

11111111

lllll

111111
lllll

1111111
1

11111

lllll
111111
llllllllllllllll
lllllll
xxxxxx

Regional projections

Lambert azimuthal equal
area projection (LAEA)

Used by EU
Environmental Agency
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Spatial reference
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Polar projections
UPS¢ Universal Polar Stereographic (North & South)
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Data types

Vector data

Line/Polyline
Point
Y w
w
w
w
W
w Polygon
X
P P, n
t 0D, 1D, 2D & P=R
Raster data
Ymax
A nERERE = i~
e .
Ymin — ‘
Xmin Xmax

t 3D 206



Data types

Raster data: topography/bathymetry

».

Hawaiian Ridge

o

Topo (km)
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Analysing different data in a GIS environment

Duean ouments
(Vantor data)

Bathy!
(Gridded data,
Vackor data))

Data base access
(cooranates. statons,
measuremenis)

Sea floor maps
(Sed|mantary ackEs)
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GISH habitat assessment

Analysing different data in a GIS environment

¢ Map marine habitats
C Assess species distribution, population & behaviour

t  Monitor/predict changes

w Wildlife demographics
w Resources

Ulsal | VR B Eyes
(Eg. Sea suiace

chiarophyd dsbution)
. . . Oczan y
t ldentify relationships iy
w Biotic <> abiotic variables - Bathyme:ry
w Spatial/temporal (seasonal) {crceey
. Qa!abaamss
t Identify key areas o ot g
w Essential habitats PN Sea floor maps
e R e (Bedmentasy facies)

w At-risk areas ...
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GISE tools

Data input

Data management (data bases, matdormation)
Geoprocessing & analysis; interpolation,

classification, modelling
Cartography/mapping
Reporting & communication; maps, tables, graphs,

photos, text info
Data sharing
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GIS - software

QArCGISz Surfer® 13

¢ ANTUM GIS V
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Examples

European commission Joint Research Centre (JRC)
FISHREG scientific support for fisheries

maps

habjtatsy.. k'é!r"‘” S sl i

50 ey n'x rrad
CHILSPeCIES feedingSez (11172
e j‘.'“'"“‘;.ff:spawnmg bluefin BT t t
«days Dryon \satelhte a

iE t( 11 ) A~ pelagie g
COMPOSIte ._-;:-“.1‘;
Atlantlc Mediterranean:. - uropeanma”ne
PR potentlal dnly
8 ol .surface =
ly S0 g hshers:s valve Waree: “University M1r1m SWCJFC depth
£ Sy ALy wale Inrr—_u'n::i_ hales ; 0 model o=

hitrs-/ffishrec fisthahitat
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FISHREG

Aims

to improve theassessment of fish stockstandardizatiorof Catch PerUnit
Effort)

to improvefisheries managemer(prediction of catch andbundance, of
harvest rules based on environmentadriation and regime shifts) or species
protection variation and regime shifts) or species protectjmentification of
Essential Fish Habitat or Marine Protected

Areas)

to increaseknowledge orbehaviourand migration patterngfor instance
bluefintuna migration in the Mediterranean Séar spawning

to rise the efficiency ofisheries controlusing neatreal timemaps)
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FISHREG

The water column is the most widespread habitat of the planet and is
entirely heterogeneous The presence of gyres, eddies, fronts,
temporary currentetc. defines specific conditions that are conducive
to different expressions @cosystem functioning (European Marine
Board, 2013). The objective of thigject is toidentify the daily

habitat of key marine speciesmainly fish ofmarket value,using satellite
derived data of the sea surface support ofthe management and

control of fisheries and the implementation spatialprotection measures

The target speciesre currently theAtlantic bluefintuna, the European
hake(recruits)

and fin whalein the Mediterranean Sea as well as tfdowfinand
skipjack tunaspecies

in the tropical Atlantic and Indian Ocean

A more generic index of productive pelagic habitats at the European sca

isalso in preparationto monitor the influences of climate and nutrient
run-off on the productivity of marine fooavebs.
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FISHREG

Methodology

2 Main behavioursfeeding and spawning

Habitat model based on satellite Sea Surface Temperd&®&3 and
surfacechlorophyll content(CHI.

Mapping of the potential habitat based on muttiiteria evaluation with
specificparameter values foeach

specieqe.g. water depth is a habitat criteria only for tfie whale
(minimum depth) and for hake (maximum depth).

Thefeeding habitat wasnainly traced by horizontal changes of surface
chlorophyll content created by currents mainly

traced by horizontal changes of surface chlorophyll content created by
currents (CHL fronts), while the spawnihgbitat

(tuna species) was mostly inferred from theating of surface waters.
Generally, higher CHL contents were found to be

preferredfor the feeding and a minimum temperature was found to be
preferred for thespawning habitat (tuna specigs
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FISHREG

The chosemmodelling approach of species distributioglies on the
nichetheory (fithess of individuals their environment), which utilizes
existingknowledge of environmental and ecological processes to select .
limited setof predictorsand improve model interpretability

The potential feeding habitatvas mainly derived from the occurrence
of productive oceanic frontef satellitederived sea surfacehlorophylt
acontent Thepotential spawning habitaivas mostly inferred from the
content Thepotential spawning habitatvas mostly inferred from the
heating of surface water@aily temperature difference in a floating
windowof 30 days) and surface currents. A specific range of
chlorophyll content foeach habitat was also shown to be
discriminant. Hake nurseries were inferred

using also physical limitations such as a restricted range of botton
temperature and maximum value for bottom currents since-Cage
hake havdimited if no mobility.
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Feeding and spawning habitatgere defined bythe presence ofelevant
oceanographic feature€CHL fronts in relation

to nutrition and formation of thermastratification in relation to
reproduction)and are therefore potential anflinctionallylinked
habitats as opposite to effective habitats which are alwdyfficult to
produce for marine animals, especially highly migratory ones

such as tunasr whales.

¢ Mapswere calibrated and validatedith geclocated observations from
scientificsurveys or fisheries operations

FISHEG

FBW Habitats (3-day accurnulated fleating composite)
31-Jul-2015 to 02-Aug-2015 ; Coverage: 5% @ 200 m-degth contour

Both

Breeding

{blank = nodata)

Feeding

This swork is Srmemad uerier 3 Crestue nmoos
5 Sy

D=z soarc=
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Fisheries Research

Volume 152, April 2014, Pages 74-85

Selected papers of Cephalopod International Advisory Council (CIAC)
Symposiumin Florianopolis, Brazl, 29 October-02 November 2012

Essential habitats for pre-recruit Octopus vulgaris along the
Portuguese coast

A. Moreno® & -®.® g | ourengo®®, J. Pereira?, M.B. Gaspar?, H.N. Cabral®, G.J.

Pierced-¢, A.M.P. Santos?

Moreno et al. 2014

Background

¢ The exploitation of the common octop@xctopus vulgarign Portugal
increased 50% in the last 20 years

cwSOSyutex 0KS aLISOASaQ OA2YIl &aa
serious concernneed for sustainable management measures

Study
¢ Identification of the octopus pwecruit aggregations using georeference
fisheryindependent data (autumn and winter, 132608)

i Analysis of relationships between geeruit aggregations and several
environmental variables to characterize their essential habitats (EFH)

GIS mapping and kriging, GAM species ~ habitat analysis, yet no habitat
prediction
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Sampling

Sampling stations in autumn andnter surveys

Locationof surveysamplingareas (113),regions(NW, SW, S)
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Kriging interpolation
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marine ecology

Marine Ecology. ISSN 0173-9565

ORIGINAL ARTICLE

Characterizing and predicting essential habitat features
for juvenile coastal sharks
Christine A. Ward-Paige'?, Gregory L. Britten?, Dana M. Bethea' & John K. Carlson’

1 Panama Oty Laboratory, National Manne Fishenes Service, Panama City, FL, USA

J Department of Biology, Dalhouse Universtty, Halifax, NS, Canada

Ward-Paigeet al. 2014
Background

¢ The successful management of shark populations requires juvenile
recruitment success

¢ Many shark species use inshore areas for early life stages, but spec
often segregate within sites to reduce competition
Conservation initiatives now strive to include the protection of areas
by preadult sharks in order to promote juvenile survivorship

Study

Descriptionof distribution patterns and preferred habitat features tbé
juveniles of six shark species, using a fishandspendent gillnetsurvey
from the Northern Gulf of Mexico (20€€010

GIS mapping of species and habitat features, generalized linear mixed
models (GLMM) of shark occurrence, habitat suitability modelling and
prediction with kriging in GIS
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Habitat preference of
juvenile sharks
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Chapter 9
Nursenyground ecology:
The supply tonurserygrounds

Isabel Iglesias (CIIMAR)



Introductionto the ocean

The Sun provides thEarth with energy

The Translationand Rotation movementsf the Earthproducesthe
climate, oceanographi@nd meteorologicalconditionsandits variations

Thetranslationis over anellipseand producesthe seasons

The rotation produces the day and nmgriod. The axis is not
perpendicularto theellipse plane. Due to this fact it is produdbe
difference between the days and theghts timeand the seasons.

This two facts produces that the enddyP Y 0§KS { dzy
the same over th&arthsurface which produces enormouwscillations
on the temperature.

Also the Moon rotation round the earthproduce the tides.

On 1975 the World Meteorological Organization defined the Climatic
Systemas:

Atmosphere
Hydrosphere
Cryosphere
Lithosphere
Biosphere

Between them exist material (gases, water, sand) and energy
transference
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Hydrosphere:

It is all the water over the Earth Surface: oceans, seas, lakes, rivers
and subterranean waters

It covers the 2/3 of the Earth Surface

It absorbs the main quantity of solar radiation

It is an important reserve of energy from the climatic system
It works asthermic system regulator

Changes energy and mass with the atmosphere

It transport energy from low to high latitudes (from equator to the poles

Distrubution of the the Hydrosphere

- Ocxans % 2%
™ ice caps anil Glacars 2,060
® Daap grounde e 030

= Shallow groundwater O 1%
-Lahes 001N

® Suil sokdiee 0 00%,
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Carth's total water Froshwater Surface water

Earth’s water distribution
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Several interactions of the hydrosphere with the other components c
the Climatic System:

When the ice and the snow (cryosphere) melts the water starts to |
part of the Hydrosphere

Organisms from the biosphere needs liquid water from the
hydrosphere to survive (land wrarine habitats)

The rivers or the waves produces erosion on the lithosphere and th
currents transport this eroded products to other locations

But the most strong interaction is between the hydrosphere and the
atmosphere. This couplingtake place on several temporal and space
scales through the changeadergy mass or momentt is knowing as
hydrological cycle.

The water evaporation and its transmission to the atmospbertne

precipitation that have an influence over the ocean salinity are some
examples.
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They cover the mostly part of the Earth Surface
(2/3)

Their distribution isirregular (moreland on the
northern
There are 5 principal oceans:

The Pacific Ocean: The biggest one
The Atlantic

The Indic

The Artic

The Antarctic

There are also 67 catalogued seas

They act as Earth temperature regulators
They are dense and present a strong stratification and low velocity
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They cover the mostly part of the Earth Surface (2/3)

They have a mean depth of 3.8 km and a mean temperature of 3,5°C
but exista strongverticalandlatitudinal variation

They present quasiorizontal circulation (oceanic currents).
Thecurrents transport part of the energy from the Sun (heat) fro
intertropical latitudes (heat excess) to extratropical regions (mid tc
extratropical regions mitatitudesandpoles)

The vertical movements are slower and not too much frequents
They timeresponse to a forcing will variate depending on thepth:
Onthe mix layer: From weeks tmonths

Termocline Seasonal
Deepoceans: Hundred or thousand of years
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Taking into account the vertical variation of the temperature, cae
dividethe oceanin three layers:

Mix layer: It is the Surface layer of the oceans, in directly contact with the
atmosphere.

Its depth is determining by the temperature but also by the salinityo#s

to severaltens of meters over the 60° latitude, 400 m on the 40° latitude
andbetween 106200m on theequator The Sun heat is absorbed thris
layerand heats it. The wind and theurrents mixing this laygrroducing
anuniform temperature.

Thermocline It is a layer where the temperature decrease very quickly.

It varies withthe latitude and the season: permanent at the tropics,
variableon the mid climataegions and weak or even inexistent on the
polarregions. It is a stratified layer amends to block the vertical mixing,
being a barrier between the mix layer and the Dsep. Offshore, at 60°
latitude the thermocline goes from 200 to 1000 meters, at WiRude from
400to 1100 m and on the equator from 200 to 800 m. We can divide the
thermocline in two layers: the permanent and the seasonal thermoc
Thepermanent thermocline is located where the maximtemperature
gradientis placedOver it, the seasonal thermocline is originated, on mid
latitudes between 50 and 100 rdepth, during spring and summeue

to the Surface heating. During autumn awdnter this layer tends to
disappeardue to the Surface instability produced by héads,that
generatedinstability and the convection mixed the water column deeper te
during summeiand spring.
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Mixed Laver

Thermmocline

Deep Water

Temperatire  co-ceeaeead -

Depth water: It is the 80 % of the oceanic water. It presents could water
temperature,between 0 and 3°C, and itis well stratified and poor mixe

The movements argoverned by salinity variations
(thermohaline circulation)

235



The oceans are a complex solutions. The sea water contains the mostly
part of the chemicaklements but mostly theions; chlorine, sulphate,
sodium magnesiunmand potassiumTheconcentration varies from onglace
to another

The concentration is call salinity which mean is {7

The evaporation produces mayor salinity concentration. The precipitation
actson the contrary

The salinity depends on the location and also of¢kason

The lowest salinity values are located on the polar regions under thauee
to the summerMelting and rounding theiver estuaries

The maximum values are located on the stronger evaporation regions
(Mediterranean and Red seas)

>
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We also caranalysethe vertical oceanic stratification in terms of the
salinity. We will have agdimee layers where the halocline substitute
the thermocline

Other important variable to take into account is the density, that
depends on theemperature andsalinity (thermohaline properties) anc
on the depth.

Cold water + high saline content => demater.

The layer equivalent to the thermocline and halocline is call now -
picnocline
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The oceanic mean temperature is 3.8 °C. But the Sea Surface Temperal
presentsvariationsdependingon the currentsand the land. It can g&°C
on the polar regions to 30C on the equator

There are also eastest variations more relevant on tropical regions, due
warm (to the poles) or cold (to the equatocurrents or upwellingystems

The oceanic Surface heats the lower atmosphere layersdifieeesnce
generated orthe temperaturewill create windghat will produceSurface
oceanic currents that will distributthe heat all over the oceanic Surface

Due to this point the oceans dynamic can be divided in base to principal
circulation mechanismghe circulation due tavind action andhe
circulation conducted to densitglifferences

Global
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The surface currents generated by the wind can be divided on cool
currents(blue) that traveldo the equator and hoturrents (red) that start
over the equator. These currents meonstantlythe hot and cold water all
over the globe.

They are horizontal and superficial, with influence over few hundred
metersof depth, andtheir velocities will round &&w km/h.

The flows are dominated by close currents, more closed on the
Northern Hemisphere (dut the presence of theontinents).

The main North Atlantic currents are: Canary current, Gulf current and
North Atlantic Current

The wind not also produce currents. It also produce wavestalue
the wind friction over theoceanicSurface. The windelocity produces
also an intensification of thavater evaporation, increasinthpe storms
and low pressure systems.
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The depth currents are an enormous oceanic current system that
transport energypxygen and nutrients.

¢t KSe ISYSNY 4G4SR 0 KS b2 OSI Yy 02
Circulation that som&mes presents also Surface currents
as the Gulf current.

This conveyor belt is conducted by density and temperature
differences

They start with a water sink on higher latitudes due to an increas
of the waterdensity produced by a cooling of the water Surfa
or when the ice is formegecting the salt content to the

Surface water. This sinking needs a SurtaceentGhat replace the
new deeper water.

The abyssal circulation is very slow and difficult to observed.
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One of the more important sinkers are placed on the North Atlanti
with a meanofl0-15 millions of cubic meters per second travels to
thousand of Deep meters. Thiscadl the North Atlantic Deep Water

(NADW.

From polar locations, the deep water travels to the south as a det

current.
The NADW is substituted by a surface current: The Gulf Cu

that transportsurface and hot water to Iceland
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North WestlberianPeninsula CoastCharacteristics

The coastline orientation, the bathymetry and tomtinental shelf
presents particular conditions in tHéWIP

Thebathymetrypresentsprominent capespromontories and submarine
canyons (e.gNazar@ which produce persistent hydrodynamic features
suchasbig waves, filaments, eddies.

Thecontinental shelf is less than 20 kmde southof Lisbon 50-55 km
wide between Lisbon andveirg and30-40 kmwide betweenAveiroand
Galicia

Thelocal tides have a semidiurnal reginmathamplitudes ranging between
1 m and 1.7 nsmallamplification along the northern Portuguese shelf
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The oceanic currents affecting the region include the Portug@esesnt
(PoC), a brancbf the North Atlantic Current (NAC), and the Iberian
PolewardCurrent (IPL

The west coast of the Iberian Peninsula is dominated byt@
Theaverage flow isowardsthe south and feeds the Canary Current.
Highlightedin red is the area where the coastal

current can flow northward, depending on the winds

This is broad, slow, generally southwdlmlving currentpresents
some countercurrents

The Portugal Coastal Countercurrent (PCCC), a southward flowing
surfacecurrent along thecoastduringdownwellingseason, mainly
over the narrow continental shelf to abou-11cW longitude andilow
from about41-44cN

The Portugal Coastal Current or Iberian Poleward Current
(PCC or IPC), a generally polewaudent that dominates over

the PCCC during times of upwelling and like the PCCC, extends
about10-11cW from shore, also present mainly from-42d\, where
flow is 13.55 5.7 cms-!

JanFebMar Apr-May-Jun JutAugSep OctNov-Dec




Upwelling is a common phenomena on NWIP cbistelling moves
dense, cooler, and nutrienth water towards the
ocean surfacereplacing the warmer surface water

The nutrient-rich upwelled water stimulates the growth and
reproduction of primarproducers such as phytoplankton. Due to the
biomass of phytoplankton and presencecobl water in these regions
upwelling zones can be identified by cool SST and high
concentrations of chlorophyd.

On the Portuguese Coast, the northern winds constantly blowing alc
the coast produce the surface water movement to offshore locations
to the earth rotation (Coriolis Forcand Ekman transport.
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It is often observed during the summer months (anticyclone
situations and northerwinds), when a narrow band of cold watel
Is formed along the coast constraining thigshore transport of the

buoyancy currents

Although autumn and winter upwelling events are not common,
they can be observedf northerly winds dominate

Coldwater filaments and eddies, often observed during upwelling
events may extendfor more than 200 km offshore, acting as an
Important mechanism for the exchanges betwdes innershelf
andthe offshore regions

2 0% te ® R 43 1A 14 1% IR 12 13 a4 R IR 13 1A 14 1R R 1A 14 R 1A 1Y iR IR 1F 1A N
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The rivers are an important source of fresh water to M&IPGll the
westernIberian rivers produce a recurrent combined plume often
denominatedasthe Western Iberian Buoyar®lume (WIBJ

This plumes front is a relative stable structure which increases the
stratification of the watercolumn blocking thevertical movements,
andproduces a vertical retention mechanism that

keeps the biological material inshore.

The WIBP extends along the coast (over the irgtasif), andorms
a front with the warmerand more saline surfacevaters.

Probability font map

Chikeophylla (mgm )

-

Latitude

*
-10 -85

Longitude
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River Plumes (Douro Rivelume)

River plumes are one of the most important mechanismshtor
transport of terrestrial materials along the coast and towards the
openocean They can have a large range of scales, persistingHours

to months

Rivers can carry a large amount of sediments, which settle on the seal
producing bathymetric modifications that might navigation channels.
Theyalso transport essential nutrients enhanciting phytoplankton
growth, making the plume front a highly prolifiegion

The three main processes that govern the plume dynamics arenthiag
induced byturbulence the acceleration resulting from tbhalance
between buoyancy and gravifgrcesand geostrophy whenthe balance
between the crosshore pressure gradierdnd the Coriolis force
producesan alongshore coastaurrent

Usually, two regions can be distinguished on the structure of a Rivare
the coastal current and the offshore bulge.
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The plume buoyant water can be trapped in the inner shelves
forminga baroclinic boundargoastalcurrent

In deep water, those buoyant fluxes occupy only a small portion of
the total water column

The plumes usually have a strong response to the sirehgth
anddirection but sometimes the ambient ocean currents and the
wind effect cancel each other

The bathymetric conditions and the coastal morphology also affect

the plume configuration. The vertical mixing and the bottémation
tend to retard the speed of the plume intrusion.
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The Douro is one of the major rivers of the Iberian Peninsula.

The freshwater flow is controlled 21.6 km
upstream from themouth, by the Crestuma dam.

The daily averaged freshwater discharge can range

from verylow values (even zero) up to more than

13 000 m3/s, and it isubjected to a strong intemnual variability
between dryand rainyyears

In general terms, it presents stronger flow during winter avebker flow
duringsummer months, related with the annugtecipitation cyclewhich
Is higher between October aihby, and lower during July, August and
September.

|
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On this region the regional weather characteristics are mediated by the
AzoresAnticyclonewithpredominant windswith northerly and northwesterly
directions more frequent atanyperiod of the year, but with theihighest
amplitudeduring the summer months.

On the other hand, the southerly, southesterly and westerly winds
reachtheir maximumamplitudeduring autumnand winter.

A satellite analysis depict the Douro river as one of the main sooiffces
suspended particleslissolvedand detritalmaterial, chlorophyll and
inorganiccarbon in the NW lberian Shelf.
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Modelling the DourdRiver Plume

TheROMS_ AGRMzEasusedto reproducedthe scenariof plume
generation retention anddisperson

Grid

Longitude = 10.75° W 8° W
Latitude = 39.5° ¢ 42.5° N
35 vertical levels

Resolution: 1/80 (~1 km)

Data:
Bathymetry: Gebco (~ 800 m resolution)

Climatologicatemperatureandsalinity. World OceanAtlas
climatology

Atmospheric fluxes (heat and water): COADS
Tidal forcing: OSU tidal data inversion

River flux: Climatic averages at the Crestuma dam SNIRH static
(EDP) between Jan/198&an/2012

The river flux was added on a point source on the Douro River location
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Schematic winds simulations:

1 monthlong simulations

January climatic initial conditions at the open ocean latbmindaries
(North, South andVestboundaries)

River water: 5°C and 0 psu

Prescribed homogeneous wind velocity and direction (see table)

Scenario Wind direction Wind ve m River flow value (m?/s)
Al Marth Strong: 12 High: 1000
AZ South Strong: 12 High: 1000
Bl Morth Weak: 1 High: 1000
B2 Sauth Weak: 1 High: 1000
C1 Morth Strong: 12 Low: 100
2 South Strong: 12 Low: 100
Dl Morth Weak: 1 Low': 100
D2 South Waak: 1 Lowe: 100
El Mo wind Mo wind High: 1000
E2 Mo wind No wind Low: 100

—_— 1000 mY/s

d‘x':""m orthem Wind Southern Wind No wind

Sabmity
and
curront
veckorn

Noethwern Wil

(2]
L) 'vl- L)

Sulinity
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cumvent
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Boul.hrru Wil
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Strongresponse tahe wind: Plumespropagate in the same
direction of the windnear the coast

No wind: bulges and weak coastal curremsléward

Weaker winds: Wider plume bulge at theer-mouth (B1, B2, D1, D2)
crossing theontinental shelf with strong river outfloB1 ,B2)

Strong wind (A1, A2, C1, C2): Smaller or inexistent bulges

Southerly winds: Plumes traveling polewavdh an along shore
current (A2, B2, C2,D2pouroriver water in the GaliciaRiagA2,B2,C2)

Northerly winds (A1, B1, C1, D1): Plume with a southwesterly compone
that cross the continental shelf and a southward alongshore current
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Scenario Al

Wind direction: North
Wind velocity: strong (12)
River flow: high (1000 3rs)

Scenario B2

Wind direction: South
Wind velocity: weak (1)
River flow: high (1000 rs)
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Scenario C1

Wind direction: North
Wind velocity: strong (12)
River flow: low (100 #is)
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Multi-year climatological simulation:

3 yearlong climatological simulation

Riverinewater salinity was kept null. Its temperature and flow rate
changedmonthly (see table)

Due to the lack of freely available data for the region, the monthly
temperaturevalues werdgakenfrom previous hydrological studies

Maonth River River
flux temperature
(m3/s) (2C)
1 1083 Fi
i 855 8
3 TE2 g9
4 522 10
> 402 12 High flow allows the develop of a jet like plume
: e 15 That evolvedon a southwest direction
T 165 18
8 101 20 On October and November the plume evolved tc
9 160 18 north and west and on December to tm®rth
10 273 14
L EiE e Due to the climatic wind component
12 862 10

January
~1050 m3/s

March
~750 m3/s

it
I

May August November December
~400 m3/s ~100 m3/s ~450 m3/s ~850 m3/s



The depth of the plume: Depth athichthe maximum value of the
vertical salinitygradientis reached

The Douro plume is not as reactivethe wind as it is to the coastal
current

The wind has an important influenas the plume dispersion (Figures a
and b

Offshorecurrentis at its higheststrength

Plumeandinducedandinshorecurrentspropagatingoppositeto the
wind (Figure c)

Surfaceoffshore currentspropagatein oppositedirectionto thei coastal
counterpart(Figure d)
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Severalstructures

Mesoscale eddies offshore: Interact with inshore waters, advecting |
watersacross theshelf(Figure:9-day sequence eddy formation)

Filaments

Patches
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Data

01/03/01
02/03/01
03/03/01
04/03/01
05/03/01
06/03/01
07/03/01
08/03/01
09/03/01
10/03/01
11/03/01
12/03/01
13/03/01

Douro flow at
Crestuma
{m3’s)

1267.12
2385.72
4403.05
7004.12
8901.06
7458.72
8591.72
6440.89
6391.29
7646.20
4053.11

3592.27
414483
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Asiwnitos

de vehiculos

Extreme simulation:

One month simulation for March 2001
Mean river flow: 8000 r¥is

Riverwater temperature 9°c
Riverwater salinity. 0
RealQuickscatwinds

Why March 20017

Entre os Rios accident: On 4/3/2001 the
Hintze Ribeirobridge broken

(45 km upstream)

and carrya bus and three cars.

Between the 7 and 10/3/2001 some corps
And car debris were found along the
Galician coasgbout 200 km north from th
Douro river mouth

Meteorological conditions:

Strong southerly wind component

Strong rainfall (high river flow)
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The currents travel from the south to the norémdthe plumereached
Galiciawith a bigamountof water.

The wind pushed the Douro River water to tharth

The mixing between river and ocean waters wasak

~ s buoyantsurfaceconveyorbelt-like current transportingmaterials
northward
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Modelling Challenges: Gafinds

ObservedDouro plume behavior
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Needed: Integrated modeling system to capture more phenomen:

' MCT

Ug, Vg, 1, bath

Gromi)
OC EA N - E B WAVE sSWAN

SEDIMENT

Orography + bathymetry



Model configuration:

WRF + ROMS + SWAN

Local winds + Atmosphere + Ocean + Waves + Rivers
Initial conditions:

STT: ftp://polar.ncep.noaa.gov/pub/history/sst

WRF: http://rda.ucar.edu/datasets/ds083.2

Local windgg WRF (3 km)

Global windg WRF (27 km)

River fluxes: maximum and constant values

3 months simulation

NESTING!

WRF grid

COAWST
Grid Resolution

WRF:

D01 —27 x 27 Km
D02 —9 X9 Km
D03 -3 x 3 Km

:

ROMS:
DO3 -3 x3 Km

v

SWAN:
D03 -3 x 3 Km
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NICCin situ JarMar 2006

41°N

SSS

MODIS 3ar2006

Plume fragmentation & alignment w/ valleys

.

1"

41°N




Plume fragmentation

Salinity Temperature
£GT 00-Jan-2000 07 32:00

[ i = 45N = 1

"
-

- '
" we
(. "'l
. "l
...

e e

COAWST solution
30-Jan-2006

NICC In situ data
Jan-Mar 2006

10"w

oW

n°w

COAWST solution
30-Jan-2006

='W

MODIS SS5T
30-Jan-2006

1 m

1 Sy XX

10 m

1 Sy XX

50 m

ME OMAN MO WS W

ms ™

M OMAN MO WA W

mIN W W

e OMAN MU WS W WA M Py

Offshore transport due to winds: Same

behaviour on Lagrangianparticles
(pollutants, larvae sediment3
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Inside the Douro EstuarCampaigns Results

An estuary is a partially enclosed body of water whtere different
bodiesof water meetand mix.

Water movements in estuaries transport organisms, circulate nutriel
andoxygen, and transport sediments and wastes

High tides create saltwater currents that move seawater up into the
estuary Low tides reverse these currents

In some estuaries, the mixing of fresh water from rivers and saltwater
from the sea is extensive; in others it is not

When fresh water and saltwater meet in an estuary, they do aletays
mix very readily.

Fresh water is less salty and less dense than oceanic water, so, it oft
floatson top of the heavier seawater.
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Theamountof mixingbetweenfreshwater andseawater depends on the
directionandspeedof theg A Y R 0KS GARIf NJ
and the volume and flow rateof river water entering theestuary

Estuaries are classified based on two characteristics: their geology
andhow saltwater and fresh water mix in them

The geology classifies them in coastal plain;lalt, delta system,
tectonic, and fjord

The five major types of estuaries classified according to their water
circulation include safivedge fjord, slightly stratified, vertically mixed,

andfreshwater
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The Douro estuary is an urban estuary, surrounded in the last 9 km by
mayor citiesPorto, in the north coast of thestuary and Vila Nova dgaia

The mouth of the estuary presents a dynamic sand Gabgled® that
partially obstructedthe Atlantic Ocean wateentrance

Upstream is limited at 21.6 km from the mouth by fBeestumadam

that was built in 1985.

¢KA& RIFYZ YIRS F2NJ KéRNER Spednd (i NA C
the saline water reach tthe rest of the river

It is a sakwedgeestuary

This estuaries are the most stratified of all estuaries. They aghan

a rapidly flowingiver dischargeare combined with weak tidal currents
andthe river pushes the fresh water otd sea

As fresh water is less dense than saltwater, it floats above the seawater
Asharp boundary isreatedbetween the water masses, with fresvater

floating on top and a wedge of saltwaten the bottom.

Some mixing does occur at the boundary between the two water masse
but it is generallyslight

The location of the wedge varies with the weather and tidal conditions
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A complete characterization of the estuarine areas, based on
measurementsof salinity and temperature profiles, nutrientand
contaminants concentrations and depositededimentsand their
provenance is indispensable to provide informatioh the current
state of an estuarine aredp predict pollutantspillsinside this high
sensitive regionand to characterizesedimentary erosion and
deposition patterns

Equipment:

Drifters. Equipped with GPS, allowing surface currdinéstion
and velocity measurement
needed to calculatethe residence time of surface watbodies
CTD To determine vertical profiles of temperature aatinity at
several points of the estuaringegion
Nisking bottle: To trap water at three different depths ¢atface,
medium depth andnear the bottom) andinalyze the sediments
(suspension)
Dredge To trap sediments in the bottonbef@lload
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DRIFTERS

Slow recirculation current (~0.4 m/s) endings inside the ncaimert
with an increase of the velocity (~2 m/s). A current parallel torttzen
current but with opposite direction was also found with even slower
velocities (~0.3 m/s) reaching the Afurada Marine.

fiver flow River

Data Hour throught flow Tide

turbines discharge
(m/s) d (m*/s)

Sao Paio Bay [d): 10 a 0 Hide: 9:45 h
11/12/2013 11 420 0 Low: 16:35 h
Starting: 09:30 h 12 376 0
Ending: 14:00 k 13 233 0

14 303 ]
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DRIFTERS

Mean downstream current of 3.36 m/s related with the stiorey
flow and the ebb.

River flow River
Dsta Hour throught flow Tide
turbines discharge
[m*/s} d (m?/s)
Arrabida {d): 15 2w 218 | Hide: 10:30h
15/04/2014 1 [ 1817 | A5 | tow:1620h
Starting: 15:00h | 17 1317 0
Ending: 18:15h | 18 1316 0
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SEDIMENTS

Suspended sediments present rather unifocomposition
dominated by quartz, muscovite and, kaolinite in ahmples

lillite, chlorite, gypsum and halite are also present in some
samples, at least as a vestige.

River flow River
Data Hour throught flow Tide
turbines discharge
(m?/s) d (m*/s)

On the first campaign the concentration is less than 10 mg/ltheith
exception OMW of. Luis Bridge (66 mgéar
the bottom). On thg second campaign a decrease of the
concentration was olyserved in all the samples.

Point|  Surface _ Medium depth | Near the bottom
Suspension| Depth|Suspension| Depth | Suspension [ Depth
solids {g/L] (m) [solids (g/L)] (m) soﬂds(gﬂ_.} (m)

= - 0.0063 | 10
_00035 | 00 = = 9.°°33 30 |[Point| _ Surface | Medium depth | Near the bottom
: 0‘09..29 ool - | - | 00035 | 30} Suspension| Depth [Suspension| Depth [Suspension
00029 | 00 | 00028 | 30 | 00044 | 60 |solids solids {m) |solids{g/L}}

— - | -lome:2 [ so| - [ -
00014 | 00 | 00036 | 100 - -
00039 | 00 | 00020 | a0 | 00013 | 80
00029 | 00 - | - | ooo3s | 70 |
00036 | 00 | 00039 | 30 | 00031 | 50
0.0027 0.0 0.0040 40 0.0039 6.0

5 00100 | 05 =
0.0061 2

00076 | 30 | 00089
[ oows | 40 | 00123 |

m,

00

10

10

10
| 00047 | 10 | 00030 | s.o_(gm‘v
; 10 | 00108 | 100 |C0.0657

10

10

10

10

10

Ble o= |o v fw]m =
=

00056 | 40 | 00101
00051 | 30 | 0.0072
00049 | 40 | 00075
0 | 00053 | 30 | 00047 |
0.0003 3.0 0.0026
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Data Hour throught - flow Tide

d (m?/s)

SEDIMENTS

Bedload sediments obtained on the two campa
are very coarsévery coarse sand and very fine
pebbleg and mainly poorly sorted.

Upstream Freixo Bridge sediments are coarser
at the estuaryentrance, with maximum size at
Crestuma (very coarse pebblesjth sub and
rounded shape).

Very coarse sand, poorly sorted, svnlnemg. platikurtic

Vetv ﬁ M symmetrical, platikurtic {1 shedl)

Very fine pebbles, poorly sorted, symmetrical, mesokurtic

Very fina pebbles, poorly sorted, MMM&MH mesokurtic [With very coarss pabibles)

Very fine sorted, 8 [ i

I=[=|s

Very coarse pebbles
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CTD

Seawater layer (SWL)At the bottom of the estuary(Depth Varying with the
sample point, temperature ~1B4 °C).

River water layer (RWL): At the surface even at the mouth of the
estuary (Depth: 1.5 m, temperature ~20°C, and >20 i@&@astuma.
Mixed-layer (ML): Between SWL and RWL. Thinner (0.5 m).

Moving upstream, the thickness of the SWdcreasemean while RWL
and ML increase.

Signature of a sea water mass reachingupstream extreme of the
estuary 2:30 hafter the beginning of tide rise.

River flow River
Data Hour throught flow Tide
turbines discharge
[mifs) d (m?/s)
Ship campaing 10 0 0 Low: 12:35 h
14/07/2014 1 e 0 Hide: 17:30 b
Starting: 10:43 h 12 0 0
Ending: 17:42 h 13 (1] 0
14 o 1]
15 a 0
16 361 0
17 583 0
18 588 0
2 ¢ e
B /C \ D ) E F
{ — 4 | !
/ b
{ L

A: Afurada marine; B: Arrabida bridge; C: Infante bridge; D: Freixo marine; E: Avintes; F: Arng
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CTD

No signature of SWL on the second campaign due toinfleence.
Theriver temperature was ~13 °C on the lowgart of the estuary
and~15 °C on the upper part

0,

A: Afurada marine; B: Arrabida bridge; C: Infante bridge; D: Freixo marine; E: Avintes
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CTD

Douroriver plumesignature traveling to thsouth

River flow River
Data Hour throught flow Tide
turbines dischasge

(mi/s) d (m/s)

23/05/2015 | pay | | | Hide: 7:35h
Starting: 1030 h mean 409 0 Low: 1350 h
Endln.: 14:00 h '
1 12 3 | 4: ': S
! LA i [
1 3 4
i
£l , | |
.*\e —-——s n‘_“ 8 —
o ) i ——y T - | =
! = o - hoetilh a ==
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FECAL INDICATOR BACTERIA

Thefecalconcentrationis overthe maximumrecommended Aguas Balneare:
Decretolei236/98)on the lower part of estuary(downstreamMaria Pia
Bridge),correspondingwith the more urbanizedestuaryregion

River flow River
Data Hour throught flow Tide
turbines discharge
(m?/s) d (m’IS)

| tow: 12050
Nldtl?ﬂ‘ih

na'a :EI: SIB
§&§§§¥Fﬁ

Fecal indicator bacteria
Entarobacteria {coliforms)

CF
ICFU/100mi[Surface

Surface |Mediurn| Bottom Medium | Bottorm

<10 <10 30 7 100 | <100

10 <10 10 8 <100 | <100 | <100
9 <10 <10 <10 9 <100 | <100 [ <100
10 <10 <10 <10 10 <100 | <100 | <100

Most problematicpoints: westAfuradaMarine andeastArrabidaBridge

The higher values was observed all over the watdumn, even with high
river flows

(Remember: Nsignature of SWL on the second campaign due to river
influence).

Enterococci Enterobacteria (coliforms)
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Chapter 10

Trophicrelationships

Joana Campos (CIIMAR)



Motivations for associations between living organisms:

basic life history aspects

Vital space Reproduction
Growth

Feeding

Protection Dispersion

and environmental features

Space availability Resources availability
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Types of associations between living organisms

Exploitation
Cooperation Mutualism
Amensalism
Neutralism
Predation Commensalism
Competition Parasitism
Symbiosis
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Feeding: Vital need

main motivation for biotic relationships

Cooperation Mutualism
Predation Commensalism
Competition Parasitism
Exploitation
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To obtain:

Organic
compounds

#_

Feeding: Vital need

Energy

Nutrients

Ontogenicdevelopment

Growth

Reproduction
Homeostasy
‘ | Food foraging

Predators escape

Movement

hiKSNAX
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Nursery

Juveniles of fish and crustacean species
very high density in coastal shallow waters
e.g.estuaries, salt marshes, mangroves & seagrass meadows

can take advantage of the protection from environmental severe conditic
(e.g. waves)

high food resource abundance (minimizing competition), low number of
predators (minimizing predation), favourable conditions for a rapid growt

higher contribution to adult stock in comparison with other areas
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Diet studies: what do the animals eat?

Identification of food items

Direct methodg watching food uptake directly difficult to observe vs

opportunistic (e.g. near land period) seabirds; fish carrying birds (e.g.
common tern) aquaria experiments (fish and crustaceans) underwater
observations (e.g. marine mammals) effects of turbidity, light intensity

Indirect method - a posteriori observation of the ingested food or its
remains throughanalysis of the content of the digestive tub, excrements
(e.g. otters, seabirds) regurgitations (e.g. seabirds, cormorants)

J. Zool, Lond (1997) 242, 503- 518 P —— Vs

Predation by marine-feeding otters (Lutra lutra) in south-west Portugal in
relation to fluctuating food resources

Natural bom indicators mt & worax cavt
Peoro Rui Besa Aves: alacrocoracidae) as monitors of river dischi
e or Warin vofaund

FEEDING ECOLOGY OF DUNLIN CALIDRIS ALPINA
INA SOUTHERN EUROPEAN ESTUARY

rios [ Saxtos®, José P Gravankano® & Jorpe M. PALMERIM®
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Diet studies: how to collect the animals?

Whichgear should be uséd

Passive gearlonglines gill nets & trapdi/kespost capture
digestion while the fish are hooked/gilled/trapped

Active gear Seines/cast nets/electro fishing/trawl
Very good but large fish may eat small fish during harvest regurgitation

Best practices

Fish should be sampled with a gear that allows for quick removal of the
from the environment

and do not bias the stomach content samples

Try to sample populations after feeding events
(Requires prior sampling to determine peak feeding times)
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Diet studies: what do the animals eat?

In the lab

Bestpractices

Remove stomachs (or predetermined foregut sections) and quickly pres
contents (or whole stomach) (10% formalin or frogen

Revieus in Fisheries Science, W1): 1-11 (2001)

Nonlethal Methods of Examining Fish ¢:
Stomach Contents B/
ha /D “A
Jan F. Kamler and Kevin L. Pope )
Department of Range. Wildlife, and Fisberies Management, Texas Tech University, Lubbock, ﬁ
X 79409 E A

Vo b Lowrt Uoige sy | - sopeomins sproent 1 0 #*ﬁ'
N a5 T bt vy | e ® e LT

More info: http://digitalcommons.unl.edu/ncfwrustaff/55
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Diet studies: what do the animals eat?

How to identify the prey taxon in food remains?
Visualinspection- traditional method:

Bones (otoliths)

o s e Tt
T g '{/;_
. 3 < Exoskeletons
— iy - .

Annelids acicula
Polychaetes setae
Insects hairs

Biochemical tools

Immunological,
protein-focused and
DNAbased methods

Qualitative: ) g X
[Add 2F GFE2Yy2YAO 3INRdzZLJA NB

Quantitative:

Quantification of the information for the analysis of the diet and biotic

relationships in number
weight
volume
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Diet studies: what do the animals eat?

Stomach Fullness Index
Percentage of the stomach weight in relation to (total or eviscerated) b
weight of each individual

o 0 QYU £ & OOHNONDBE O “')f‘oo
! O & RV QI O Ui BT @ & 0D G

e BRE O] .
00 —Qﬁ%n = sample effective

Stomach Vacuity IndexXPercentage of empty stomachs
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Diet studies: how much do the animals eat?

Lizaramada/ Mira estuary e e
. . . . - o 10, 1008/ X0 108, available online a1 hepdfuww adealidrary,com on TBE I'
Seasonal variation in feeding activity: " <y A

Comparative feeding ecology of sympatric Solea solea
and S. senegalensis, within the nursery areas of the
T'agus estuary, Portugal

highestFI & lowest VI in spring ——
highestVI in winter R O o a P

Lakbke arkre @ wenscencodiect con pT= "
STUARINTE

lcvlucl@mult" A‘ OASTAL

SHELF SCIENCE

G o e e 303 S Soleasoleaand S.senegalensis
Feeding ecology of Liza ramadu (Risso. 1810) (Pisces, Mugilidae)

B Tagus estuary
Seasonal changes in feeding
activity increasein spring &

in a south-western estuary of Portugal

P.R. Almeidy™'

oy, Dpwomens & Bbhyn, 8
in intertidal
= . 100
L}
5 1] s
H p)
% Y
@ o 5
- 7
L] &
- 3 16¢ 5
" L] i
= 8 Wy 23 g
2 -
0 8
1 .‘w' -
—y /\ Py
0 e S—— X
A My Jn M Asg Sep Ot Nov Dac an Foo Naer Ay
8 B
z P
- i :
o W = Tomp e | i
Frz I Moethly varmdea of the meocue [ulbes (F1} and saceny (V) exdicer of the L ramady popudadon m t9e Mire ssteary. Tereperature (1) i i
readiegs were esade 30 O water enface Verscal lises smpesiam e e of Fl valies, and the amsoaaiad semhens, the samples sie AR | {
i ;
Fo 3 |
--ll|| .\ "
[ Wit e
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the most important prey
the most numerous
the most frequent
the larger
the heavier
the ones that provide larger amount of energy

Best practices

Use more than one index

Smalle YR f AIKGSNI LINBé Yl & 065
Split predator into size classes (growth, ontogeny)

Use predator weight in gravimetric studies

Determine the best timingdieltidal cycle)

Follow an annual cycle (seasonal changes)

Combined methods
Hyslop(1980)
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Occurrencdndex

Prey importance estimated basing on its frequency of occurrence in th
stomachs

6'Q g6 & OMO £ a GO N DA 'QaNQiI 0
EO0AQOMNOANGINRAEOEGE A OQTWAEN O dE &I

v BREG :
00 —Q‘;—q:n = sample effective

0OI1<0.10 accidental prey
0.10<0I<0.50: secondary prey
OI1>0.50): preferential prey

Numericlndex

Prey importance estimated basing on the number of individuals ingest
by the predator
£ 04 OOIELNYT XD T £ 4 (I)(I)"Qi)(,lOO

@ 0 € GECDOd WA QAU OGN a QR a O w QI

v oun BREG :
00 —Qgg%n = sample effective
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Gravimetriclndex

Preyimportance estimated basing on the weight of individuals ingested [
the predator

o~ 0 QQAUBE YT XD T ¢ & O DQi
0 € LA @M Ndl QRIA ada N & OV a O w Qi

we~ BOE O .
00 —Q;L%n = sample effective

Best practices
Use more than onendex
Smalle YR f AIKGSNJ LINK& Yl & 0S5
Split predator into size classes (growth, ontogeny)
Use predator weight in gravimetric studies
Determine the best timing (diel/tidal cycle)
Follow an annual cycle (seasonal changes)

Combined methods

294



More than one index
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v _ ) E W1 1] 18 s 100 4%
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Percentage of empty stomachs 7 67

Beja 1997

Vinagreet al 2005
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Combined methods

Feeding Coefficient (QhlQreaul970)

Index of Relative Importance (IRPirtkaset al 1971)
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Combined methods

Main food item (MFI) (Zander 1982)

) G% (U .QCU ()Q@'O@
MFI>75: essential prey
51<MFI<75: principal prey
26<MFI<50: secondary prey
MFI<26: occasional prey

298



Trophic relationships: trophic dynamics

Dielvariations
L.ramada/ Mira estuary
diurnal feeding activity

during night
high VI & low FI

May 1992 Augast 1992
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Trophic relationships: trophic dynamics

23 full stomachs T empty stomachs ——weight of prey per stomach

WIWMMINNNONANNG 0 Erods

£ \ 04
_ o S 801 1| 0% | 3
Dielvariations 5 ool {111 1VUNM 101 103 g8
. .. lo‘ » | H [05 g o
nocturnal feeding activity s aofll WL I (0% &3
Echiichthysipera/ Douro & Tagus iz T i L

o+ . o 0
678910111213141516 18 21
Time of day (h)

Fig. 2 Vanation in feeding actvity of Ectifichtiys vipera dunng the
day (6 and 21 h) throughout the sampling peniod, evaluated by the
percentage of full and empty stomachs and mean weight of food per
stomach

Most fish species (low VNIondegoestuary
diurnal feeding activity
C.lyra, M. surmuletusand S.solea

I Appd Kiepol 30 (04 2420 Rovrived b 10 00
2Ok Mk wrl Verug, berie i\

ISSN 014

Feeding ecology of the Jesser weever, Echiichthys vipera {Cuvier, 1829), on the

western coast of Portugal

By R. Vasecoodhos, N, Priscs, H. Cabead aad M. ). Costa

fonitats & (hnsugrat. Focsklad v Cvvtn s Dtensilad e Lintee, Canpe Grawde, Litva Pongsd D0|bethet al 2008
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Trophic relationships: trophic dynamics

Ontogeny/growth

FlounderPlatichthys flesusDouro

from small prey (amphipods)

to larger prey fpolychaetesand bivalves)

larger fish have larger mouth gapes and detection ability
compatible withpolychaetesize

JoAppL Jehthyol, 24 (00K), 238243 Recetved, Jamwry 31, 2007
208 The Authors fecepial: Sephember 18, 2007
Journal compilation © 08 Blackwell Verlag, Betlin Goe 1011011 13908 26, X0 01085 x

INSN 0175 5650

Prey selection by flounder, Platichthys flesus, in the Douro estuary, Portugal

By C. Vinagre, H. Cabral and M. J. Costa
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Trophic relationships: trophic dynamics

Nereisdiversicolor
estuarinelagoon systems SW coast of Portugal
(OdeceixeAljezurand Carrapateira

diet change according to site, period of the year,
individual size

OO0 B 3eg Bz SReadia: BCackn s Boder
ODX

Wi  PANAMAS

Feeding Ecology of Nereis diversicolor (O.F. Miiller) (Annelida,
Polvchaeta) on Estuarine and Lagoon Environments
in the Southwest Coast of Portugal

PEoRO FoaLGo £ Costa ™, RutF, OUvERA & Luts CANCELA b Fosseca =

' n
Table [ - Compansoa |ANOVA) of gt coeents of V. diversicolor (%) separmod m deffereas size classes
(S1) small. (S2) woediomm and (53) larze
Si Q S3
n WE =8¢ 1] Wiz 0 ng =5 Fasiq P

Muats 54 5192190 3 ES=18 21 MI=7H S 04053
Sl N2=152 15509 107=478 63T 00017
Detnns §9el02 Ll = 080 1042257 148 (B
Nereuhdag 152132 TATL0% SH437 022 0
Carapitaw sp 274=07% 217=033 071 =07 25 008
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Trophic relationships: trophic dynamics

Sex differences/physiological status

During reproductive season

Diet differs between sexes
(mainly inP.minutug

reflects the different strategies of
genders: parental care by males

X AR & O L54H SCIENTIA MARINA

Feeding ecology of the gobies Ponuttosehistus minutus
(Pallas, 1770) and Pomatoschistus microps (Kroyer,
1838) in the upper Tagus estuary, Portugal®

JOAD FEDRO SALGADO, HENRIGUE NOGUEIRA CABRAL md MAREA JOSE COSTA

e & Ovammty Fesitad & Cvars & Lesadads & Lstes, Comgo Conde. | 78000 it Posgal
Eanl pudpaded il alp

Taate 3 - Numencal fiequencies acconne to sex of e majee food tems in the diet of P seneur and P. e

vvops. (5o, isopods, Amp

anpipods: Cop: copepods; Ins- msects, Mvv: mysds; S shnmps; For: foramunifers; Pol: potychaetes; Oh: clupochiastes: Fish: fisd; Brv

bavalves; G G- statiste, Test esult. postensa test, *-p «

Species P, nsmatis P microps

Py Femuley Males G Femuley Mk G
Iso o, a0} N oM 004 07
Azip ox 00} 55 00l o 2l
Cop 080 07 mnie 065 073 25
Ins Q01 - i4 om 00l 23
Mw 048 0.03 51 0 006 L6*
Sht 0ol <001 25 D01 - 0l
For ( 013 4 00 00 )3
Pl ( 003 a7 0w 0g .l
Ok ( o Ll om 0 33
Fsh 001 0.0} 02 €01 - 06
Biv 001 00} a0 0 001 i3

Tasn4 - Specific nchness (). Ssanaos-Weaver s (H') index (vanance between tvackets) and evenness () for the &et of franales od males
of P. sisstes and P, micraps duning the repeodscave penod. Result of e t-test, *- p <005

Fem Mak 2]
Species a H H I
P. womny 3 0613 0455 04N 00 039 15854
1 ) 554 0402 0486 (000N 0347 Li53

P aserap




Trophic relationships: trophic dynamics

Sex differences iR.minutus/Minho

Males: crustaceans and detritus
Ffty2ad pr: 2F T-HenlfiékddcaQ RASGY bL 6

Males and femalepresentedsimilardiets
(oneway PERMANOVA: PSGH@GOAG, p:0.75) A Ny of s (000 i o simiom
Overall average dissimilarity of 87.81% Whrmtm

NW baumn Pamais)

Food me ™ Sk Femsle
FO% RA% FOS%  Ra%
Environ Biol Fish
DOI10.1007/s1064 140 14-0259-2 Amrish
Amzciidas NI
Population structure, production and feeding habit of the sand Piyciect
. . . o < . Modis
goby Pomatoschistus minutus (Actinopterygii: Gobiidae) i
in the Minho estuary (NW Iberian Peninsula)
A. 1. Souza « E. Dias + J. C. Marques - C. Antunes
I. Martins
JUAN R
pepods 3
PO M ST 4
Crostsa NI 4
JETTESdG 17
wrakidee 17
Otz a7
Sopoda N 14
Cstmedn Z 34
et bavae
Hacomesh k4
Fides
Hoxt
Dertes
N i 2
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Trophic relationships: trophic dynamics

Physiologicastatus

Lowerfeeding activity in moulting and iovigerouscrabs
VI 45% and 43%, respectively

higherfeeding activity (FI) ib.ramada
at the beginning of spawning migration

Salgado et al 2004 FEEDING ECOLOGY OF THE GREEN CRAB. CARCINUS MAENAS
(L.. 1758) IN A TEMPERATE ESTUARY., PORTUGAL

BY

ALEXANDRA BAETA!), HENRIQUE N. CABRAL?), JOAO C. MARQUES' ) and
MIGUEL A. PARDAL)

!) IMAR - Institute of Marine Research, Department of Zoology, University of Coimbra,
P-3004-317 Coimbra. Portugal
2) Instituto de Oceanografia, Faculdade de Ciéncias da Universidade de Lishoa, Campo Grande,
P-1749-016 Lisboa. Portugal

FEEDING ECOLOGY OF DUNLIN CALIDRIS ALPINA

oti iti IN A SOUTHERN EUROPEAN ESTUARY
Abiotic conditions A SO R OPEAN ESTUA

Carlos D. Sanrast!, José P Granapiiro® & Jorge M. Parmiiriv®
Dunlins / Tagus:
preference for foraging in muddy,
rather than sandy, sediments

main prey are more abundant and
accessible in mud
than in harder, sandier, substrates
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Feeding ecology: Trophic niche width

Speciesichness = number of different prey species

Shannor S | @ 8iedit index

Y
N UPH'P

Qp

Gobies/Tagus estuary
Females with a wider trophic niche than males

The smallest classes froPaminutus
increased their niche widths as they grew.

TaBLE 4. - Specific richness (n), Shannon-Weaver's (H') index (variance between brackets) and evenness (J) for the diet of females and males
of P. minutus and P. microps during the reproductive period. Result of the t-test, *- p < 0.03.

Fem Male t-test
Species n 0 ] | 0 ]
P. minutus 23 0.619 (0.001) 0435 19 0420 (0.029) 0.329 3.680%
P.microps 4 0.554 (0.001) 0.402 18 0.486 (0.002) 0.387 1.153

Salgado et al 2004
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Feeding ecology: Trophic niche width

Specialized diet

oft2g 1 QO
Vs

Generalist feeding

OKAIK |1 QU

Tame Il Niche breadth (J, Shannoa-Wiener diversty mdex A, Peloe evenness
index), and dominast and secondary prey. accosdmg to the dietary coefficent (g of
fshes m the study (see Tabk [)

Fich Nxhe braadth Dommant prey Secondary pey

%A\qme il B =07.7=03 Eunicidae ni
Corplinmn spp.

Carcimer coaemas
Idotea sp.

Calloaymus yra H =147 =08 Parvcasdam oale
Scbiculsrs plong Portomens Latpes

Polwchazaa mi
Che lfoeic bfrys H=W,7 =03 Cungo crangon Tekostet m
crma
Ol mustels H =137 =06 Cungos crangon
Carinas moemy Porsanwchisaus micropy
Dicotmrchws labrar # = 12, J = 06 Caprellidae ni Comphise spp.
Co o Crangon crasgon
Mulls swrmdens  H = 18,7 =09 Crngon cungen
Sphoeroma sp Amphpods m
Gastmsaccss spinifer  Mekia palnata
Gammany spp. Crathars cornem
Serobicsdang plona
Platichth fenu H =037 =02 Complium spp Spaonidae ni
Foeattouchy e H=147=08 Scmbicalaria plna
s Polychazta m Capaelbidse mi
Camplaum spp. Spaoaidae ni
Crosacea n
Foasuchiaw H=1LI=03 Mysdiem
LT Polvchazaa ni Crangon crangon
(Capizifidze ni
Sophia e H =111 =07 Posaroschime g.
rhvmius Other Teleostar
Crangow crongem
Sclea solen H=087=0H Capielbdse m
Nepkra spp. Polychaets m
Spoomidaz ni
Tringeerws dwews . H =127 =03 Carnin roenge
Cringow cngon Mysdeesp |
Teleoster mi
. mot iendbd.

Dolbethet al 2008
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Feeding ecology: degree of specialization

Feedingspecialization

Adaptations related with feeding

Prey capture:
filtration
persecution
Ambush

Food apprehension:
mouth appendages
chelae

Teeth

Swallowing:

mouth dimension

dimension and extensibility of pharynx

Ingestion: stomach capacity and extensibility 308



Feeding ecology: adaptations related to feeding

N. diversicolor

filter-feedingbehaviouy
but in Carrapateiraslightly higher carnivorbehaviour

FidalgoCosta et al 2014

body shape of flatfishes not that of specialigbiscivorougpredator,
but rather that ofextremely well adapted bottom feeder

Flounder

Douro: narrow diet breadth reflecting low benthos prey diversity

Vinagreet al 2008

Lima Generalist behavior, feeding on the most abundant prey
21 taxa of macroinvertebrates and fishes, sand and plant debris

Mendes et al 2014
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Feeding ecology: Trophic nichedth

C.maenas'Mondego

opportunistic feeder

25 different food types

main prey:C.crangon H. diversicoloyteleostei Bacta et al 2007

H.diversicolor
on RAFFSNBYyG F22R A0SYax odzi 2yt
Mucus i.e. organic matter, bacteria, fungi and phytoplankton (56.3%)

sand (17.6%), vegetable detritus (10.7B&greididae(7.7%) & orophium
(1.8%)
Fidalgo Costa et al 2014
L.ramada
52 food items but
low diversity of food items
dominant food typeBacillariophyceae
most common and abundant food items:
MelosiraandCiclotella
other preferential food items:
Navicula Nitzschiaand Surirella Almeida 2003
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Feeding ecology: degree of specialization

Preyspecific abundance (N prey frequency of occurrence (Ol)

Gives feeding strategy (specialized /generalized), relative prey importance
(dominant /rare), and niche variation (individual versus population patterns

upper left:

prey consumed by few specialized individuals
lower right:

prey eaten occasionally by most individuals

High Speciakzation
8~ between )
individua A Dominant

40 r

Proy specific Abundance

Hich
! i)
Gereralzation
30 74_13 50 &0 70 80
adapted from Amundsen et al (1996), first described by Frequency of Occurrence
Costello (1990)
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Feeding ecology: feeding selectivity

Anthropomorphic concept
(food/prey preferences vs food choice)

Factors affecting food choice
Predator swimming capacity/visual acuity/mouth size
Prey abundance/size/escape response/burrowing ability

Cost/benefit in feeding selectivity
(nutritional needs/handling prey)

Predatorprey interactions
one of the most important forces structuring biological
communities
Predators
costs against benefits to maximize energy intake, leading to
different food selection criteria used by foraging animals
Costbenefit studies:

foraging decisions incur costs in metabolic energy and time
that must be outweighed by energy intake provided by prey
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Feeding ecology: feeding selectivity

How to study?

relating diet composition with prey abundance
VS
aquaria experiments (single or multipd@oice experiments)

Comparing diet diversity with prey species abundance

Electivity Index or Strauss Linear Index LI (Strauss 1979)
measure prey selection

0 P (fd g fe)

fd; is the relative frequency of the itemn the diet
fe, is the relative frequency of the itemn the environment
Varies froml to 1;

Negative values: avoidance or inaccessibility
t 2aA0A0S O fdzSaY WLINBEFSNBYyOSQk O
Zero LI indicates random feeding

Extreme values:

prey israre but consumed almost
exclusively ohighlyabundant but
rarely consumed 313



Feeding selectivity=lounderfrom Douro

Differential selectivity throughout the estuary
mainly related to spatial segregation according to size:

smaller fish in the upper estuary
larger fish in the lower estuary

Amphipods Corophiunspp.)
crucial role due tdheir small size,
low mobility anddiel activity pattern

highly important, especially for the youngest fish
positively selected in areas with higher water transparency

Electivity index (8)

~ 064

[

Y 044

5 0

8 Sy

3 02 .
z ) T Iy
3—:2-1‘2 34586 7889
3 g4t U i

39

06
92i4|z 3¢5 e"‘l
Q44 U =

A1 |r T

¥ Amghpoda

W o _ags

Sampiing sit=s

i wh

¥ Amch poda

Fig. 6. Electivity valses for mam prey categonss comsamed by
Plarickts fi m

flarchiys sy Mrousom
Mazch 202 survey

in2 stations in Douro etuary,

Vinagreet al 2008

Bivalves:

rare in Douro BUT positive electivity
(high calorific value)

ower estuary: consumption by >170
mm flounder

Polychaetes

negative in upper estuary

positive in lower estuary

larger mouth gapeslower handling
time of larger prey

Decreased ability of larger flounder to
detect smaller organisms



Feeding selectivity-lounderfrom Lima

diet of yoy: low diversity & highly specialized importanceGsfironomidae
and Corophiumspp.

ontogenetic shift from 0+ to 1+ juveniles: | : I. .l
boa| o [’r 10 5
Diet of older juveniles includes new items

Teleostej Carcinusnaenas Nemertea al |
and larger prey g Lok & |

B

Feeding ecology: feeding selectivity

Manly-Chessormpreference index@hesson1983

| —Ll ol g}
Bigfn Q
h.is the preference for preyin the diet r, is the relative
from O (prey is absent) to 1 (single prey) abundanceof preyiin
h f M reYative selection diet p is the relative
h B ™M go¥itive selection abundanceof preyiin

m max number of prey sediment



Feeding ecology: feeding selectivity

Dunlin / Tagus

feed upon a broad spectrum of invertebrate species, but

show clear patterns of selection of prey species and sizes
most consumed prey (Ol):

Scrobiculariglana Hydrobiaulvae

isopodCyathuracarinataand insects

Preferred prey: D A SOUTHERN ECROPEAN ESTUARY

species with higher biomass
(Hedistediversicoloand S.plana) . ,

{ OK 2 Slgdex\sthdenen 970)
Degree of diet overlap

TI=1- O.SZ |lpxfi — pyfi|

pX; and py; are the proportions by weight in stomachs of the resource fi
(prey category) for the predator species x angegpectively

varies from Qg no food/prey is shared
to 1 - same proportional use of all food resources

>0.6: biologically significant overlap (Wallace & Ramsay 1983)
316



Feeding ecology: diet overlap

i Mullxs surealeas

Callioryous form

Solew soleq

Mondegoestuary
Highdegree of diet overlap — | Pk |

Powatoschists microps

{ Diventrarchus lobrax

Toms I Schoerer mdex valwes, hued ov the rersrical percestage pdex [y (bedow —) md on the prvimetds poscretisr mdey |

shove —¢ m Dold, valess 296 of fahes ® the study (e Tabie 1§ 1 0
L oypuih C doaC mnei C Soorng [ kbear ¥ sarmabtns P flerar P sacops P mmats 8 rionder S sokes T bocar
Axgadis cegunls &2 el 5 04 o4 o " 0l " L5 — R
. . 3 2 4 " Y : B! W | Saplriing rhomday
1 #l — o 5 H o 3 [T = S 1 | E 2 I
| Chelidonichtiys bacerna
" - i 4 1 ¥: [T (gl
- s "% M " . < o PO Lilsarg muxeig
“4 ] () 03 3 — 4 (3] < 4 1] N £l &) ] m
" | ) 3 > [ H o e
3 ¢l ¥ i - 0l | Similanty
'l 4 # L | ) e reoao . o A ks By ;
Fia 3. Dendrogram with detary smilarities within the fsh community of the Moadego Fstmry (s
" " 82 » 02 2 : oW Table I), dzterminad with Bray-Cunis smilinties of the desary coeffioet {1y}, compoed wik the
main prey taxa.
H 0 [ 1 - !
(I 1 1 1 B3 03 1 -

Dolbethet al 2008

P.minutus& P.microps/ Tagus estuary high intraspecific overlap in the
smallest fish
degree of interspecific overlap decreased with increasing body size due
to the different length reached by each species

Salgado et al 2004
Mondego estuary
Biologically significant diet overlap (Sl = 0.65)

and 10ks-

» oY mm)

TABLE 6 - Schosuer's mdex perfonued wirh smmene (delow x-lioe) and gravmsetncal frequences (above x-line) for ntraspacafic
specafic food oveddap berween P, wonutus (MI = < 44, MII = 43-32 e MIII = 5360 mm, MIV = 61-68 mum and MV
and P, micraps (ml = < 32 pm, mil = 33-36 mm. mfll = 37-30 mew mlV = 4144 mm and @V = > 45 mm) uze classes

fpﬂr ] P. mintns P microps

classes Ml M Ml MIN MV al mll alll mlV mV

P mmuexr M1 4 (L600 0651 0332 0023 0454 0401 048 0283 03%
ML 0878 1 068 0418 0N 007 034 0408 023 0288
MIT 040 } 343 X 0419 0132 0.501 0487 0440 0.391 0438
MIV 0288 0.38 (L.667 1 0542 0354 0.302 0409 034 0360
MV 02M 03572 0515 0.628 1 0023 0027 o0 oo 0035
P.microps  ml 0,783 0828 04% 0.366 0we % 0,780 0806 0,600 0,477
mll 0811 0837 0451 (.28 0262 0,839 x 0776 0782 0,884
will 0881 0.813 03% ) 250 0225 0.804 0.850 X 0.692 0.7%7
mlV 0789 0.847 0481 0365 0e 0.854 0.894 0857 X 0.816

Leitaoet al 2006 mV 0799 0887 0497 036 008 0830 092 0819 0901 X




Feeding ecology: diet overlap

Highoverlap betweerP.flesusand S.soleain Douro
Both spatial Piankandex = 0.97) and
Trophicaly(T,{ OK 2 SIguSxNID02

juvenile flatfish are generalist and opportunistic predators consume the
most abundant food strongly reduces the potential for competition in highly
productive systems

). Appd l.'hlll)"!l 20(008), 14120 Received: Jume 38, YO
XO§ Blackwell Verkig, Berlin {ecepted: Octolyer 22, X4
ISSN 0175 3659

Niche overlap between juvenile fatfishes, Platichthys flesus and Solea solea,
in a southern European estuary and adjacent coastal waters

By C. Vinagre, S. Franga, M. J. Costa and H. N, Cubral

Soleasolea& S.senegalensigagus

overlap in diet intraspecific and interspecific length classes
potential interspecific competition minimized by different patterns of
habitat use

Tawce 1V, Schoenerindex vilues between differen tintra- andintesspecific length dasses tmm) of 8 wlegand S, senegelensdsin nursery areas
A and B of the Tagus estuary

Ssoba S osola S senegaensts S senegdensss S senegddensts S, senegalnsis S, senegalensis
(<1010A (=100) A (<1011 A (<0 B (101175 A (101175 B (>1751A

Soade (<101) A

S, sl (=100) A 029

So4 lends (<101 A (63" 049

S w<l0n B 018 023 102

Sod ity (101-175) A (IR (46 06 054

Y, A do (101175 B 137 027 (121 (174 (167*

S senegalends (> 175 A (120 064t 47 7 {130 (R

5. sene glensds (>175) B 022 (129 003 088" 047 0744 0409

*Values higher than 06

Cabral 2000



Feeding ecology: food consumption

Model proposed by Thorpe (1977), modifiedJmpbling(1981):
8, Yo Yo (V¥ @9

G amount of food consumed in time t (hours, day, successive samplings
S FI (Fullness Index) at time t

SFlattime O Daily food ration
: : is equal to C calculated
S,? estimate of FI at tl.me t/2 | for successive fime
b instant rate of gastric evacuation, and intervals till completing 4
t is the time interval (sampling period) 24h cycle
Almeida 2003

Daily food consumption

To obtain b:
slope of a linear regression adjusted to the sequence of points of a serie
of 24-h cycles, which showed no evidence of food ingestion:

W, Fl at time t
(moment corresponding to the end of the feeding inactivity)
W, Fl at time O

(moment when feeding stops)

To estimateS,, (Jobling 2981):

% 3O Astﬁ;)

D depends on food ingestion and digestrates Ifinstant evacuation rate is
assumed constanD = Db



Daily food consumption

wSIljdzZANBa (2 SadAYraS F22R Sg@I Odz
Animals
from feeding/starvation experiments or
collected in natural environment at regular time intervals
lable 4
Instantaneous rate of evacuation (h) and daily food consumption (Cp)

of L. ramada, expressed in percentage of FI, estimated for each of the
annual seasons m the Mira estuary

Season T b Cp
Spring (22:00, 04:00] pay 0.13 (.75
Summer [22:00, 01:00] Aug (.11 1.04
Autumn [14:30, 20:30] N 0.14 191
Winter [21:00, 06:00] gep 0.05 029

T, Time interval used in cach of the 24-h cycles.

Salgado et al 2004

Carrying capacity

O2yOSLJi 2F OFNNEBAY3I OFLIOAGE Aa |
GUKS tSOSt 2F NBA&A2dzZNDS dzaS 0 &long NI
GSNY o0& GKS ylFddz2Nyf NBISYSNIGAGDS
Policies to regulate human activities, anticipating environmental impzats
assist in attaining carrying capacity limits at sustainable levels

Amount of a population of one species or community of several spadieh
can be supported by an area
support related with space
food
reproductiveconditions 320



Food consumption & carrying capacity

Studies on food consumption by key species and on the carrying capacit
the nursery system particularly important to determine if the resources at
limited

Populations that strictly depend on limited nursery habitats approach the
carrying capacity of the habitat

Food limitation is of major influence in determining the carrying capacity

Some authors suggest availability of prey is important to support the
production of  pre recruit fish whose fitness is enhanced through optim
feeding conditions recruitment is limited by the carrying capacity of the
nursery

In contrast, other authors state the carrying capacity of nursery grounds
not fully exploited there is no effect of food limitation

Relative lack of growth limitation at the individual scale is related to an
observational bias:

fish are affected by sizeelective mortality linked to food limitation, but
only surviving individuals are observed!

So, the population is skewed towards the fastgrowing juveniles,
the growth of survivors remains close to optimal, even when fc

resources are limited
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Food chain

Link between sun
primaryproducers
primary consumers
secondaryand
upperlevels consumers

Foodchain:
A series of organisms all dependent on the next as a source of food

Transfer of food energy from the source in plants (prim@agducer9
through a series of organisms eating one another
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Trophic levels

Trophiclevel- feeding position in a food chain

Primaryproducers (autotrophsy 15t trophic level
Openocean: onlyphytoplankton

Shallowcoastal waters: several types of lary producers
phytoplankton (microalgae in the water column),
benthic micre andmacroalgae

Seagrasssaltmarsh plants and other aquatic plants

Open oceanalmost all phytoplankton is consumed alive
s 0KS F22R 6So6 Aa OFfttSR I W3aNJ

Shallow coastal waters

many important plants are not heavily grazed, but die and begin to

decompose before being consumed decomposing material

=organic detritussez 0 KS FT22R ©4So Aa OFffS
Organic detritus is an important food in nursery grounds

Detritus in estuaries
Mainly decomposing plant material derives mainly from neighboring lan
(fringing vegetation), tributary rivers or the estuary itself.

Considerable bacterial load is associated with detritus extra energy

source N
Detritivores

Coarse detritus: sometimes ingested by fish species tha
consumebenthicor epibenthicprey



Trophic levels

Primaryconsumers: % trophic level
(herbivores: some fish, shellfish, filter feeders):

Meiofauna
very small invertebrates that live on and in the substrate

Benthicmacroinvertebrates
larger invertebrates that live on or in the substrate;
polychaete gastropod and bivalvenolluscsand amphipods

Primary consumers:"2trophic level

Epibenthicmacroinvertebrates

larger invertebrates that move freely over the substrate surfac
Fish

Zooplankton

very small invertebrates floating in the water column;
calanoidcopepods and larval stages of other organisms

Secondary consumets3' trophic level:

feed mainly on the primary consumers

mainly small fish species, such as gobies, and larger fish spe
such as mullets

Tertiary consumerg 4 trophic level:
feed to a large extent on 2ary consumers
some of the larger fish species, such as flounder, seabass,
but also birds, such as cormorants, otters and humans



Feeding guilds

Functionalfeeding groups = feeding guilds
representthe ecosystem processes the species eventually
rerform through resource exploitation

defined by feeding type

mobility type and
method of food capture

Functional feeding groups

Feeding group Food category

Detritivores Predominantly detritus

Herbivores Mainly macrophytesand filamentous algae

SeiEseses ;rae((;jrzrirr\]i?;?élggf::aunaand themore sedentanpenthic
SHyperbenthophage Mobile, larger invertebrates living ovére substrate

Planktivores Mainly zooplanktonpccasionally phytoplankton

Carnivores Mainly other animalsgolychaetesmolluscs crustaceans)

Piscivores Substantial amounts dfsh

Opportunists Diverse range of food ingestéd ormore of the above food categories)

Dietarycomposition sometimesiffers markedlybetween estuaries
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Functional feeding groups

Feeding group

Synonyms

Food category

Microbenthivores

Benthic invertebrate feeders; invertebrate

feeders; bed feedergyyperbenthodeeders;

benthivores benthophagous

benthic,epibenthicand
hyperbenthicfauna, with prey
size <1 cm

hyperbenthophagousmeiofaunafeeders
Benthic invertebrate feeders; invertebrate

feeders; bed feedersyyperbenthodeeders;

Macrobenthivores benthivores benthophagous

Planktivores

hyperbenthophagousmacrobenthos
feeders

Zooplankton feeders; plankton feeders;
zooplanktonideeders,phytoplanktonic
feeders;
Planktivorouszooplanktivores

phytoplanktivores

mainly on benthicgpibenthic
and hyperbenthicfauna, with
prey size >1 cm

predominantly zooplankton
and

occasionally phytoplankton
in the water column

mainly by filter feeding

Feeding group

Synonyms

Food category

Macrobenthivoreg
Zooplanktivores

Hyperbenthivoreg
Piscivores

Zooplankton feeders, benthi
invertebrate feeders;
carnivorouszooplanktonic
feeders,hyperbenthos
feeders;planktivorous
hyperbenthophagous
plankton feeders

Fish feedershyperbenthos
feeders,piscivorous
carnivorous;
hyperbenthophagous
piscivorous piscivorous
benthivores piscivores

predominantly either on smaller mobile
invertebrates living over the bottom and
zooplankton;

Feed just over the bottom

different feeding strategies for prey captur
(ram, suction, or manipulation)

predominantly eitheron larger mobile
invertebrates living over the bottom and
fish;

Feed just over the bottom

different feeding strategies for prey captur
(ram, suction, or manipulation)
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Feeding group  Synonyms Food category

small organisms in or on the surface layer
the substratum (e.g. benthic algae such a
diatoms,microfaunaincluding Foraminifera
andFlagellataand to a lesser extent small

DRSS e YO S meiofaung andassociated organic matter

DB sC STENEETE OIS (usually of plant origin);
iliophagous . .
ingest relatively large volumes of sand or
mud (by suction mechanisms), digest the
food material and pass out the inorganic
particles
Herbivores Herpivores; grazers, browsers Graze predominantly on living macroalgal
herbivorous and macrophyte material
omnivores; partly carnivorous, both plant and animal material by feeding
Omnivores partly herbivorous; mainly on macrophytes, periphyton,

omnivorous; partial herbivores epifauna and filamentous algae
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Functional feeding groups

Opportunists
eat food from 3 or more of the food categories

W { tfaddfor slowpredator
ingestion of sessile or slemoving prey
NETf SOGa GUKS watz26Q 20SNIff

fish species feed opportunistically on a wide variety of benthic
macroinvertebratesincludingpolychaetes small amphipods an@naid
crustaceans, spider crabs, bivalves and gastropods

See food and eat g highly opportunisti€

highly opportunistic feeders with very variable diets depending on the typ«
of potential food that areavailable
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Food web

Overlapof different food chains

Food or trophic web
A system of interlocking and
interdependent food chains

Tertiary

consumers

Secondary
consumers

Primary
consumers

Primary
producers
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Food webs
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Food webs

In estuaries

Food webs are made complex
by the potential inputs from
upstream (riverine),
downstream (oceanic),
within estuary (e.gseagrassand microalgae), and
lateral sources (e.g., mangroves and salt marsh)

Ly S&ddzZ NAS&X
Significant flow of organic and inorganic nutrients
from the water columnto the bottom and in the opposite direction:

Filter feeders (bivalves):
benthicanimals such as bivalves that are sessilecmtentratefood
that flows through them in the water currents

Deposit feederspolychaetes amphipods):

benthicorganisms from areas of weak currentspveover and through
the sediments andke food from the sediment itself
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Food web

Surface deposit feeders

Nonbottom-dwelling organisms that feed on the bottom

several invertebrates, fish, and birds

the majority of fish species found in estuaries have adaptafions
bottom feeding.

All this flow of food energy through the bottom converges on top
carnivores that are generalist feeders on a wide variety of organisms.

manyspecies of fish (sea trout, seabass, flounder), birds, and mammals
such as otters

Estuarine trophic dynamicsharacterized by

a variety of primary producers;

grazing and detrital food chains;

a high importance of the bottom;

a high degree of interaction between theater
columnand the bottom;

a complex, highly interconnected food web; and
a large number of generalist feeders
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Feeding guilds

RiaFormosa AncaoPeninsulajnacrobenthiccommunity

Each taxon assigned to a feeding guild according to its food type:
carnivores (C),
herbivores (H) and
detritivores

Detritivoresdivided into
sandlickergSL),
scavengers (S),
subsurfacedeposit feeders (SSDF),
surfacedeposit feeders (SDF) and
suspension feeders (SF)

Semarm Maniss 732
232378 M SN
ISSN: 0214-8358
1O S8 Sscemur XKW, 7 12228
Feeding guild composition of a macrobenthic subtidal
community along a depth gradient

MARINA DOLBETH. HELIANA TEIXEIRA, JOAO CARLOS MARQUES
md MIGUEL ANGELO PARDAL

Tnwatetz of Marise Roseandt (IMAR L ofo Depammeet of Zookogy, Universiey of Courvbon. 3008517 Cotmbra, Poctagal
E-mail mdolsediVciec
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Feeding guilds

Feeding guild composition reflects hydrodynamics on the seafloor

But changes in feeding guild dominances were gradual, in opposition
the clear spatial differences in species composition.

TasLe 3. — SIMPER analysis applied to the feeding guild densities per sampling station (mean depth + standard deviation), with indication
of: the percentage of each station’s mean similarity; and density (Ind m™) and the percentage that each feeding guild {between brackets)
contributed to the similarity of each sampling station.

Station Meandepth  Mean Camnivores  Scavengers  Sand-fickers  Sub-surface-  Surface-deposit  Suspension

+standard similanity (Indm? %) (Indw> %) (Indm? %) depositfeeders feeders feeders

deviation (m) (%) odm* %  (hdm> %  (ndm? %)
100 -16+03 32 280 (32%) 178 (24%)  283(12%) 567 (18%) 67(9%)
200 -30+03 41 421(15%)  210(31%)  371(18%) 107 (9%)
300 -43:06 43 353 (30%) 163 (19%) 198 (9%) 328 (27%)
400 -38:06 4 202(27%) 91(7%) 210 (17%) 936 (45%)
500 -11£01 42 999 (24%) 450(17%) 1394 (50%)
600 -85:02 4n 2028 (41%) 705 (19%) K84 (32%)
800 -105:01 50 1525 (50%) 338 (16%) 331(14%) 302 21%)
1000 -116202 55 2060 (39%) T1R(17%) 382 (16%)
1400 -139:01 50 2109 (34%) 291 (10%) 689 (20%) S16(14%)
1200 -158:02 50 1339 (49%) 273 (13%) 388 (19%) 385(17%)
400 -176+02 36 1302 (59%) 461 (14%) 433{17%)
000 -205+01 - 1182 (38%) 454 31%) AR (13%) M%)
4000 -17:01 3 826 (35%) 638 (32%) BY13%) 621 (17%)
00 -318+02 50 363 (23%) 168(14%) 43(27%) 447 (34%)
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Feeding guilds

feeding guild composition change with deptreflects differences in
hydrodynamics impact at the seafloor.

Herbivores & sandickers
dominant at the shallowest
depths with fine sands
correlated with higher levels
of primary production

Scavengers
in shallow areas,
lower predation impact

TagLE 2. - The most sbandant species in the macrobeathic commmnity per feeding guild. The depth distribetion and *minimum aad maximum
mean density (= standard deviation) are indicated for the comsidered depth distnibution.

Feeding guild Main group Mast abundant species Distributson on the Mean densaty®
depth gradsent (Ind m)
Camivores Annelida 15=16-56=48

Annelida Pisione remita
Annelida Goniada galaica f 3 3
Crestacez Harpinia antennaria lm 0-139
Others Nemertea §-26m 203 - 4642262
Carmivore/Scavenger Crustacez Diogenes pugilator 1-Tm 7342270486
Sand-lickers Crustacea Bathyporeia spp. 1-Im 31— 10684
Seb-surface deposit feeders Anselica Mediomastus sp. 6-26m 7=11-100=113
Annelida § rrus papillocercus T-llm T=12- 6462478
Mollusca Caecum sp. §-26m 4840 167=173
Others Phaseolion strombas 11-26m 26:26- 335384
Serface deposit feeders Aneclida Caulleriella hioculata 8 18m RRE R E
Crestacez Cheirocratus sp 0-215:127
Mollusca fr ¢-250
Sarface deposit feeders/Herbivares  Crustacea Siphonoecetes sp 21-5927
Sarface dzposit feeders/ Annelida Prionaspio caspersi i-Tm 0- 26042
Sespension feeders Annelida Prianaspio cirrifera KAl 15-94
Suspension feeders Mollusca Tellina spp i-fm T=12-486=546
Mollusca Donax spp 41-8m 32635043
Mollusca Spisufa salida -11m 242:339 - 5832305
Mollusca Calvptraea chinensis Nm 0-208

Others Bramchiostoma lanceolatum §-26m =189 48209




Suspension feeders: coarser sands under physical impact

Feeding guilds

In accordance with physiological requirements

Carnivores, surface and
sub-surface deposit feeders
mainly below 8 m depth,
no significant impact from

the wave climate

TasLE 2. - The most abandant species in the macrobeathic comammity per feeding guild. The depth distnibeticn and *minimum aad maximum

mean density (= standard deviation) are indicated for the comsidered depth distribution.

Feeding guild Main group Mast abundast species Distributson on the Mezn density*
depth gradsent (Ind o)
Carmivores Annelida i-llm 15= I'v 56=48
Annelida §-26m §
Annelida §-26m
Crustacez Harpinia antennaria 2m
Orbers Nemertea §-26m
Carmivore/Scavenger Crustacea Diogenes pugtlator 1-Tm 7342470486
Sand-lickers Crustacea Baikyporeia spp. 1-Im 31— 10684
Seb-surface deposit feeders Anselida V:Jb mastis sp. 6-26m 7=l 1 - 100=113
Annelida N cirrus papillocercus T-1lm 7 78
Mollusca Caecum sp. §-2bm
Others Phascotion strombs 11-26m 26+26- 335238
Serface deposit feeders Anselida Caulleriella hioculata & 18m 33T
Crustacea Cheirocratus sp §-26m 0-215:12
Mollusca Corbulla gibba Zm 4-250
Serface depasit feedersHerbivares  Crestacea Siphanoscetes sp 1 -2 m foccastomally 2t 26 m) 21-3927
Sarface deposit feeders/ Annelida Prionaspio caspersi i-Tm 0-260:42
Sespension feeders Annelida Prionaspi ilm 14-94
Sespension feeders Mollusca Tellima spp i-fm -l‘
Mollusca Donax 3;:9 4-8m
Mollusca Spisula solida —12m ‘_’-“ \ 32325
Mollusca Calvptraea chinensis lm 0-208
Others Branciviostoma lanceolatum §-26m =189 - 6482200
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Feeding guilds

Carnivoregmainly smalpolychaetesandnemerteans:
coarser sands

Subsurface and surface
deposit feeders

more abundant in deepest
areas with fine sands, mud
& higher organic content

Surface deposit feeders
also at shallower depths

TasLE 2. - The most sbandant species in the macrobeathic commmnity per feeding guild. The depth distribetion and *minimum 2ed maximum
mean density (= standard deviation) are indicated for the coesidered depth distribution.

Feeding guild Main group Mast abundant species Distributson on the Mean densaty*
depth gradsent (Ind o)

Camivores Annelida Nephtvs cirrasa -llm 15216 -56=48

Annelida Pisione remota §-J6om 109205 -921=8

Annelida Goniada galmica §-26m 2335307322
Crustacez Harpinia antennaria Nm 0-139
Others Nemertea §-26m 2030 - 4642062
Carmivore/Scavenger Crustacea Diogenes pugtator 1-Tm 7342470286
Sand-lickers Crustacez Bathyporeia spp. 1-3m 31— 10684
Seb-surface deposit feeders Anselida Mediomastus sp.
Annelida Saccocirmus papillocercus
Mollusca Caecum sp.
Others Phaseolion strombas
Serface deposit feeders Aneelida Caulleriella hioculata
Crestacez Cheiracratus sp
Mollusca Corbuila gibba
Sarface depasit feedersHerbivores  Crustacea Siphonoecetes sp
Serface deposit foeders/ Annelida Prionospio caspersi
Sespension feeders Annelida Prionaspio cirrifera
Suspension feeders Mollusca Telling spp. 2
Mollusca Donax spp. i-fm 32635043
Mollusca Spisula solida 7-11m 2423395832325
Mollusca Cahyptraea chinensis Nm 0-208

Others Branchiostoma lanceolatum §-26m =189 - 648209




Feeding guilds

RiaFormosa AncéaoPeninsula)

feeding guild composition change with season spring and winter:
Carnivores (C) numerically the most abundant feeding guild
Suspension feeders (SF)
Surface deposit feeders (SDF)

late summer 01: similar density of C, SF & SDF (25%, 23% and 25%),
early summer 02: density of SF & SDF larger than C
autumn 02: similar density of C & SF (33% and 34%)

Mondegoestuary

According to prey importance in diets, 3 main feeding guilds:
(1) invertebrate feeders,

(2) invertebrate and fish feeders and

(3) Plankton and invertebrate feeders.

food resources used by the fish community mainly components
of the macrobenthiccommunity and, to lesser extent, of the fish
community

Jowmnal of Fish Biologv (2008) 72, 2500-2517

doi:10.11115.1095-8649 2008 (1856 x, avadable online at http:/ www_blackwell-synergy.com

Feeding patterns of the dominant benthic and demersal
fish community in a temperate estuary

M. Dorsete*$, F. Martingo*, R. Leirio®,
H. Cagrari axp M. A. Paroar?®

*Instinute of Marine Research (IMAR), a/c Department of Zoology, University of

Coimbra, 3004-317 Coimbra, Pormigal and {instituto de Ocea . Faculdade de
Ciencias da Universidade de Lisboa, Campo Grande, 1749016 Lishoa, Portugal




Feeding guilds

prey with central role supporting estuarine fisp

Polychaetge.g.Nephtysspp.,Capitellidae Spionidaeand
Eunicidag,

Corophiumspp.,
C crangon
Pomatoschistuspp.

| S. rhombus | I C t lucerna I ] C. mustela

Nephtys sp. T] [_f liscus M. surmuletus;
tollidae | P. flesus

,m{cnpilcllidaccapm”ldm 2, ¢ ’C_h‘l'(l}
T ! LS soh’uJ

\AJ — - [

\d

A. anguilla IDther Teleoste v

P. ﬂu'nutus | l P. ﬂu};mfu XS __’l‘(_[. c,a,,zov,, 5 *C macnas_| |
Yvvy 7y - v 2 S;hatroma
IMYME @E z G| spinifer . :
,
W‘ i | S. plana |
| (Gammarus sppl— ¥
ope

Fig. 5. Generalized food web of the main fish species of the Mondego Estuary (see Tables | and II). —,
dominant prey; —, secondary prey according to the dietary coefficient (Ip); I prey boxes,
carnivores and omnivores (Nephtys spp. and Eunicidae belonging to this group); @ prey boxes,

Dolbethet al 2008 detntivores and herbivores.
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Food webs

Macrobenthicorganisms assigned to seven distinct

trophic groups (table)

Tagus estuary

Surface deposit feeders
numerically dominant

52% of benthic communities

adjacent coastal shelf
both surface deposit feeders
& filter feeders dominant

(37% and 33%, respectively).

Mydasdage 0% 552421

D00 10000 e+

EOMALY

Trophic structure of macrobenthos in the Tagus estuary
and adjacent coastal shelf

Marke Jusd Gandiac LN, Ul

Table 2 Main species and relatne mportance (in percentage) axcording ¥ species nchness (5), densisy (D) and biomass (B), for each of the traphic groups

wmdered

Trophic group

Main speces

Tagus estiary

s D

B s

Coastal ghelf

DB

Hertowares (H)

Fiter feedem (FF)

Surface depost-kedery
(SDF)

Subsurface depout
feeders (SSDF)

Carmivores (C)

Filter feedens and

detritvares (FSD)

Camiveres snd
detritivares (QSD)

Chaesopleura angukee (Spengkr, 197) Melita palmata (Montagu, 184) Janira maculosa Leach, 1814

Lumbrinens impatiers Qaparéde, 1868 Calypmaca chinensis (Linné, 1758) Saduriella bosadai Holthws,
iphanoecetes delinllel Stebhing, 189 Zenobiana
M)

1964 Lekanesphaera monod! (Arcangeli, 1934) §
prismatca (Riso) Tauheris gracils (Tanber,

Chamdea eramla (Da Costa, Macera nuborum (Linne, 1758) Donay wisats (Da Casta, 1778)
Ensis siliqua (Lanné, 1738) Pomatoceros kumarcls (Quatrefages, 1865) Venerupis pullentra Montagu,
1808 Sabelleria spinsdosa Leuckar, 1847 Spisla subruncata (Da Costa, 1778) Saparda moglodyies
(Price m Johmton, 1847) Momacuss ferruginosa (Momagu, 1808) His aica (Linné, 1767)
Cerastodenma edue (Linné, 1758)

Ervilia camanga (Montagu, 1808) Melima palmass Grube, 1889 Abra alba (W. Wood, 1812) Lanxe
onchilega (Pallas, 1766) Nuauks nuckew (1inne, 1758) Chaozone setosa Malmgren, 1867 Carbuls
gibha (Obvi, 1792) Aphelochasta marion (Saint-Jeseph, 18M) Inhinoe senella G.O. Sars, 1878
Amphipholis Iqu.lll-l.a(l}lk ('!m)t 1828) Strebaspio rhvuhvolli (Buchanan, 1890) ANudomelen
obuuata (Montagw, 1813) Clrriformia tensacid e (Montagu, 1808)

Mediomanius capersis Day, 1961 Heteomasss filfrmy (Claparide, | nciola amatpabma (Bate,

2) ()b’,\-xchma s Nowomasur katericew Sams, 1851 Pectinana (Lagisi koreni Malmgren, 1845
Sermaspis resata (Renier, 1807) Urathoe pulchella (Costa, 1853) Bathypoveda pdagica (Bake, 1856)
(Fycera umcomis Savigny

Nephtys homberg: Savigny, 180 Nephtys cireosa Fhlers, 18 ebals hoa {Johmsn, 1839) Nassarius
reticulate (Linnk, 1758) Glyaera oidactyla Schmarda, 1 nang uinea { Montagu, 1815)
Ophiwa alhida Forbes, 1840 Plummas spinifer H Milne Fdwards, 188 Gasrosacaus spinifer (Gots,
1864) Lincarcinus vernalis { Riwo, 1816) Maopodopsis slabbert (P van Beneden, 1861) Carcinuw
maaa (Limé, 1758)

Barmea candids (Linné, 1738) Corapluum orientale Schellenberg, 1928 Corophium sextonae Crawdord

1937 Owenia fusiformis Delle Chinge, 1844 Parkambar typiciw (Krtiyer, 1844) Ericthoniw punciatus
(Bake, 1857) Cormphism acherusicum Costa, 1851 Gammaropsis maculaa (Johnston, 1827) Mysella
Bdenara (Montagu, 18303) Ampdisca dadema (Costa, 1853)

Pistdi lomgicomis (Limé, Diopatra IL’J,\‘JWN Delle Chigje, 1841 Boadawria scorpioides
(Mantigu, 1804) Hyalmoacia b inge wor (Roux, 1829) Magelona
papilicomis O. F. MuuBer, 1806 Oplicthre v.:;Ju ..\hk:lep.\rd 1879) Alphews macrochda
(Hadstane, 1835) Dianylis hradyi Norman, 1879 Adhanar niescaus (Leach, 1814)

1008

R0 B2 1

100 113

60 21

5303

3 274 106

05 03

M5 06

001

B0 &34

§ 370 28

160 112
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Food webs

When biomass was considered

Mydachwdags 200 502421

Taqus estuary ey sty

dominant groups: _
. Traphic structure of lfumobeuthm in the Tagus estuary
filter feeders & and adjacent coastal shelf

detritivores S

Table 2 Main speckes and relatne mportance (in percentage) axording % specks nchness (S), density (D) and biomass (B), bor each of the traphic groups
omdered

Trophic group Main speaes Tagusestiary Coastal shelf
§ DB S DB

adjacent coastal shelf
fl Iter feed erS . Hertiwares (H) Chaetopleura angukua (Spengkr, 1797) Melia palmata (Montagu, 194) Janira maculosa Leach, 1814 10 06 33 03 30 01
. Lumbrinens impatiens aparéde, 1868 Calyprraca chinensis (Linné, 1758) Saduriella boradai Holtws,
1964 Lekanesphaera monodi (Arcangeli, 1934) Siphonoecetes delinwalled Stebbing, 189 Zenablana
H prismatca (Riswo) Tawhersa gracils (Tauber, 187)
83% Of tOtaI b IOMASS. oterfeskn ()  Chande srisals (Da Costa, 1778) Macea suboram (Linoé, 1758) Donay waaria (Da Casta, 1778) 16 193 274 106 350 &4
Fnsis sillgua (Lannd, 1758) Pomatoceros kanarck (Quatrefages, 1845) Venerupls pullantra Montagu,
1908 Sabellaria spinudosa Lewkart, 1847 Spiswla suberuncata (Da Costa, 1778) Saparda mogladyses
(Price m Johmton, 1847) Mowacus ferruginosa (Momagu, 1808) Hisela araica (Linne, 1767)
Cerastodenma edule (Linnd, 1758)
Surface depost-eders  Ervilla camanva (Montagu, 1808) Madima palmasa Grube, 1869 Abra alba (W. Wood, 1802) Lance 230 513 115 203 370 28
(SDF) onchilega (Pallax, 1766) Nuauks nuclew (Line, 1758) Chaozone setosa Malmgren, 1867 Corbula
gibha (Obvi, 1792) Aphelochasta mariow (SantJoseph, 184) Iphinae senells G.O. Sars, 1878
Amphipholis squamata (Delle Chiage, 1828) Srelaspio shoubolli (Buch 1890) Ahudome
obawata (Montagu, 1813) Chrrifanmia teniacidaa (Montagy, 1808)
Subsurface depomt- Med caperis Day, 1961 Heteomassus flifrmy (Claparide, 1364) Unciols omazpabma (Bate, 60 21 05 103 30 19
feeders (SSDF) 1862) Oligachaeta spp Nowomastur batericew Sars, 1851 Pectinana (Lagist koreni Malmgren, 1865
Sernaspiz reuata (Renier, 1807) Urathoe pulchdla (Cesta, 1853) Bathyporeka pelagica (Bate, 1856)
ycera uncomis Savigny, 1818
Carnivores (C) Nephtye hombergt Savigny, 1820 Nephtys cirrosa Fhlers, 1868 Sthenelals hoa {Johmsan, 1839) Narsariuy 280 82 197 263 160 113
reticulates (Linoé, 17S8) Glyaera oidactyla Schmarda, 1861 Marphysa saguines (Montagu, 1815)
Ophiwa alhida Porbes, 1840 Plummas spinifer I Milne Edwards, 188 Garosacaus spinfer (Gobs,
1864) Lipawrcinw vernalis (Rawo, 1816) Mavopodapsis labbert (PL van Beneden, 1861) Carcinw
mieu (Limé, 1758)
Filter feeders and Barmea candida (Lime, 1738) Caraphum avientale Schellenberg, 1928 Corophiwn sexionae Crawhrd, 100 112 M5 106 50 05
detritvares (F/SD) 1937 Owenia fusiformis Delle Change, 1844 Parkambis typicus (Krtier, 1844) Ericthoniws punciatis
(Bake, 1857) Corophisen acherusicum Costa, 1851 Gammaropss macwlas (Johnston, 1827) Mysella
Idensta (Montagu, 1803) Ampdlisca dadema (Costa, 1853)
Carmivares and Pistda longleomis (Lime, 1767) Diopatra negpolisam Delle Chigje, 1841 Bodowria scompioides 60 21 05 &9 30 01
detritivares (QSD) (Mantsgu, 18M) Hyalmoacia biineata Baird, 1870 Diogenes pugilator (Roux, 1829) Magelom
papdllicomis O. F. Miiller, 1806 Ophicthrix fragdis (Atklegaard, 1879) Alpheus macrochda
(Hadstane, 1835) Dianylis headyi Norman, 1879 Adhanas niescaur (Leach, 1814)
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Food webs

climatechange impacts include increase in occurrence of extreme
weather events

(frequency, intensity and duration)

is likely to globally intensify the water turbidity,

reducing the depth of light penetration into the water column
shifting the light limitation condition,

therefore reducing phytoplankton biomass and activity.

Comares ists avalablo st

4 Ecological Modelling

fournal homepage: wwy

Assessing the state of the lower level of the trophic web of a temperate \!) -
lagoon, in situations of light or nutrient stress: A modeling study

José Fortes Lopes*, Nuno Vaz, Leandro Vaz, Juan A. Ferreira, Jodo Miguel Dias

Ria deAveiro
- changes in light or nutrients availability may
seriously modify the actual state of the lower

trophic level

- occurrence of extreme evenshiftinto a light limitation condition,
whereas reduction of the rivers dischargeangethe nutrients

availability,shiftinto a nutrient limitation condition. 342
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Food webs

Guadianaestuary

most important prey:

amphipods, gobies3obiidag Cerastodema spp. += === = - - g -
. 1
shrimps Teleosei _______| e |
P ~  Miige -, g e
(Palaemorserratusand ; :
I I
Crangorcrangor), | se----- L - -~ Amphipoda
I
polychaetes A S S R A
+ I
1< Batrachoididae : Gobiidae |
I
. —— Polychaela r 3
=XV Avsiase oo ¥ W SRICROCT Y —_—— | 1
3 e ESTUARINE \ — i
A *." ScienceDirect COASTAL |
T SHELF SCTENCL | b_ Moronidae
3% 2 Bemtas. Ot an Y Sowma 20 200 15-20 ﬁ 1 ‘m 7
Feeding ecology and trophic relationships of fish species in the : Teleosker
fower Guadiana River Estuary and Castro Manim ¢ Vila Real ! Soleidae
de Santo Antonxo Salt Marsh :
Rita S4%, Comaaca Bexviga, Podro Veiga Lima Viein, Karm Erzmi TEESSSRTRSSTERERERTSS *C. U?fmﬂ

Fig. 8. Trophic relations based on the feeding coefficient (Q). Preferential prey
are indicated by bold arrows and secondary prey by hatched arrows.
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C22R 6S0 WOdzZNNByOe

Biomass

Thetotal weight of organisms from the same species/feeding guila
given area or volume

Energy
The equivalent in energy of the biomass

Stable isotopesStable nitrogeri (15N)& carbon{ 13C) isotope ratios
estimatesof trophic position
capturecomplextrophic interactionsand

trackenergy or mass flow through threticulate pathway®f ecological
communities
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Food web: energy flow

energyflow diagram illustrating major structural and functional
attributes

of estuarine ecosystems:

grazingand detrital food websmportanceof tidal currents
in the transport of detritus out of the marsh
andin moving phytoplankton to benthic filter feeders

[Currents!
/\ ¥ Nutrient cycling
Inorganic | A -
\ nutrients | PN AN % P
) § 1

g snni 7 | EVOIES 7 | cami- |
2.2 Yy

v/ / 2 !
/ ’ I
l// |
/ |
/ /
fan i /
I|
\
\qBEnt‘“ici _______ e T
@A) geciments
¥
¥ 2 -
‘I sEor\:r?eyc | Pemts ) Animals | Storage i
I.l \‘ 4 —1 ‘.l\_/" :
- . 2 nteraction 3 A5



Food web: energy flow

Complex nutrient cycling dynamics in estuaries:

input of nutrients &organicmatter from the river

recycling of nutrients from botsedimentand watercolumn organisms
Importance of currents in transporting nutrients

interaction of sunlight & inorganic nutrients

during lary production by phytoplankton
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Food web: trophic leveldetermination

Traditional determination of trophic levels (TL)
based on gut content analysis

Important limitations:
difficulties in identifying amorphous material,

differential digestion and assimilation rates among prey diet
samples

mere snapshots of an organism's diet and

may not be representative of the variety and quantity of prey
assimilated over time.
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Food web: using stable isotopes

terrestrial primary producers
f 26SNJ + mo/ fS@Sta UGKFY YI NA
AYONBIFAS Ay Mo/ FNBYwIDNE &

makes this isotope useful in the identification of the primary sources of
organic carbon in the diet of organisms

Ca plants .

C4 plants |
Seagrasses
Marine phytoplankton
Estuanne phytoplankton

Microphytobenthos

-35 -30 25 -20 -15 -10
313¢

Typical range of carbon-stable isotope signatures for major primary producers and carbon sources in estuaring systems.

Food web: using stable isotopes

nitrogen isotopic composition of marine fauna is particularly sensitive
to trophic level

whereas carbon isotopic composition of phytoplankton and consume
often reflects the algal sources of production

e.g.
KAIK tmo/ oOTmMo/ kmMH/ 0O @I f§ dzéé34l8N;
diatoms characteristic aipwellingsand blooms



Food web: using stable isotopes
Stabley AGNRPISY 6+ mpb0 | yF“e OF Nb 2y O
enriched from prey to consumers by 3.4% and 1%
W 2dz NB gKIO &2dz SIGQ b
Determination of 13C/12C & 15N/14N ratios in the samples by:

isotope ratio mass spectrometry (IRMS)

La2d2LJS NIGA2a | NB SELINBaasSR I a
a standard reference material

Trophiclevel = { 15N consumes1 15N producer)*3.4 + 1
Stable isotopes farophic level determination

And for identification of sources of nutrient and OM

application of stable isotope analysis to food web studies improve the
quality of TL estimations

prowdes direct estimates of the prey assimilated and a lottgen_ _ _
AYGSANIGA2Y 2F O2yadzYSNQa FTSSRA
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Food web: using stable isotopes

Tagus and Mira estuaries

Trophic levels of estuarine fish species differ at multiple scales:
seasonally
spatially (between & within estuaries)
interspecies

Marine Esviroomenal Research 72 (#011) 204255

Contents lists availabls at SciVersa ScianceDirect '..,.. B
b
Marine Environmental Research ,
journal hamepage: www.elsevier.com/locate/marenvrey ’ kb

Assessing food web dynamics and relative importance of organic matter sources
for fish species in two Portuguese estuaries: A stable isotope approach

Susana Franca®", Rita P, Vasconcelos®, Susanne Tanner?, Cristina Maguas®, Maria José Costa®,
Henrigue N, Cabral**

0 Tejo July 5 Tejo October
4 ¢
. 0 ¢ 4 &
= O
g A\ | 3
g3 ] 3 3
P g 9
£ £
o
) 2 g 24
o F
1 14
0 y T T T T 0
S solea S. senegalensis P.migops D lsbrax D. vulgaris A presbyter S. solea S. senegalensis P. microps D. abrax

Fig 3. Trophic levels of fish species (S solea, S. senegalensss, P micraps, D. labrax, L ramada, D. vulgarss, A. presbyter) determined based on nitrogen isotopic mixture of primary
producers Tejo estuary, in areas A( @) and B () in July and October 2009.
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Food web: using stable isotopes

Tagusand Mira estuaries

Differences in isotopic composition of fish species:
more pronounced spatially (2 areas within the estuary)
than seasonally (summer/autumn)

Tble 2
Mzan (standard deviation) 5N (%) and 1% %) valuss of producers. consumers {macrosmvertebrae and fish speces) colliectzd in both the Tejo and Mim estuanes,
Spedies Tejo estuary Mi estuasy
BN ' 5N s
POM Producers 108(18 -227(07) 89{13 -133(186)
Mecrophyeobenthos 143019 -208(23)
Sporting maritims 150(15 -235(04) 75(18]
Sarcocoman fruticesa 14740 -268 (08 35(1L.7;
Hobgome poraincoides 162(07 -241(12) 124002
Sedimem 72(15 -248/04) 5B{13
ZInoplankron Premary copsumers 1158(13 -248(25) 40115)
Cerpsinderme adalz {macrenvertebrates) 62(10;
Srobiculsriz plosn 122(13 -I05(31) 74(08;
Hedisée diversicolor 124711 -183(38) 75003
Nepbrydae 139(05) -20.7 (27) 73(05
Corcimus saenIs 134(08} 162 (21) 8113
Crozgen cangom 153(06 -175{31) 11118
Arhering preshyter Consumers | fish specias) 133(07; 175{08 115001 -202(24)
Diplods yuigys 136{Q7 -200{15 14502} -22.(013)
Dicencrarchus lebrax 156(1.1 -170(13) 93(08; -143(286)
1y amada 141703 ~164(16) 132(08 -243(21)
Solea sales 146014 -218(1E) 12124; -193{29)
Solza senezobrsis 157(13 -165(34 12520 -16047)
Pomgtoschishis mioops 168(10 -181734)
8 Tejo - July Tejo - Oclober

Tagusestuary mairprey for fish = | J
species usenostly salt ;_“ I 1 I I
marshderived organienatter as  * g

nutritional sourcesno marked I I ! F
differencesalongtime g

- i
organic matter is transferred to  * & M M ! - ! ! Il B e
higher trophic positions mainly :* il i 5‘,":"
through benthic pathways | F F i l i F ‘ ﬂ ——
» Al J [0 ¢ awpue



Food web: using stable isotopes

Tagusestuary
TLs of all food web components (except srRatticropy
changeseasonally andpatially

Jounn| of Sea Sesaanch 72 (017) 43-34

Contents Ists evaladle at ScVerss SclenceDirect

So, TLs are not static
Butdynamicin spaceand time

Journal of Sea Research

journal homepage: www.olsevier.comilocata/seares

Isotopes reveal fluctuation in trophic levels of estuarine organisms, in space and time
C. Vinagre ®, |.P. Salgado, V. Mendonga, H. Cabral, M}, Costa
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Foodweb: using stable isotopes

organisms considered as mainly primary consumenmnaada& S.plana
may seasonally assume
ConSiderany hig her TLS \ll"." f“r. f ¥ N o etzarve oo ad partce e angank psater (POND soraming e aaes Aand B wiaeg, gemg et ad Juane of 2001 |wandat A-agee

DAt | 2 coeTive e ITOPRE Soweds | values Lhat aee 1Lasascaly dmalir amueg mand, acnonting oo the Baoniad ANUVA perrmed. sichun the one 20 ¢ prevesond &

secondary consumers o= R
their diet T e L Do e ee oy 2
is not completely understood T e
and their role in the food web : = el

changes seasonally 0T TR

42 4 28 (1 28 15
as |t 15| } 3 ]
. il 41 1410 s 11
t 51/05 45| I:E J |
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Food web: using stable isotopes

summerprimary producer blooms affect the food web structure:
highavailability of microalgae antiacroalgae

maybe the cause for the TL drop in omnivores,

like L.ramada N. diversicoloand S.plana

seems to cascade to higher TLs
maybe observed in secondary consumers
like S.senegalensiand P.microps>30 mm

coastal area adjacent to Tagus estuary £

maximum trophic level: 2.4 fds.
officinalisindicatesa short food web

all upper level secondary consumers
relied heavily onpreywith benthic
affinity




Food web: using stable isotopes

Tagus adjacent coastal area
river Tagus: major source of organic carbon
GARS RAFFSNBYOS Ay +mMo/ FY2y3 LI
allowed identifying the
pelagic & benthic energy pathways
L Mmpb 2F LINAYIFNE O2Yya C?"‘
very close to POM ones :
This lowers the trophic length of the food Web

High reliance on benthic affinity prey
for all upper trophic level secondary consumel
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Food web: using stable isotopes

coastalecosystems may have
surprisingly short food webs
relying almost entirely on the benthic energy pathway

poorly known processes at the basis of the food web

Summary

Gut
content
analysis

Prey presence/absence (0)
Prey abundance (V)
Prey mass (W)

Relative impacts of
predator population
on prey

Prey presence/absence (0)
Prey abundance {MN )
Prey mass (MW, MBW |
Prey eneray (PIL)

Stomach fullness (MSF )

Gut
content
analysis

Relative prey importance
(2.9, graphical techniques
or isotope composition)
Predator isotope concentration (5'C)
Predator isotope concentration (& 'N)

R ———— |

Prey selectivity

Prey preference DN
(e.g, selectivity indices)

Prey abundance (MN))
Prey mass (MW,

Diet analysis

A ——————————
L—{ Dietoverlap

(e.g., overlap indices)
—

Prey abundance (MN)
Prey mass (MW, MBW))
Prey energy (PIl )
Stomach fullness (MSF |

Gut
content
analysis

Gut
content
analysis

Prey mass (MW, MBW))
Prey energy (PII)
Stomach fullness (MSF.)

Energy flow

Stable
isotope
analysis

e’ Predator isotope concentration (§"'C)
Predator isotope concentration ("'N)

Figure 11.2  Diet measures commonly used to address questions about predator impacts,
prey preference, or energy flow. See Table 11.1 for calculation of different diet measures, 356
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Habitat

Physical environmentelatively
diginct from others in which concerns
the biatic andabiatic condtions

Ecosystem scale Micro-habitat scale

Habitat use

Fish abundance can be extremely variable regarding the habitat types
E.g.: small streamgs marine environments

The spatial scale of habitat use can vary from some cm to thousands of
E.g.crypticU & (feefs cavesyssalmon(3800km)

Habitat use by fish can be randomly determined or be selected
(whenever it results from voluntary movements)
E.g.: larvaimigrationvssexualsegregation

In many cases, habitat use can vary with ontogeny, related with the sev
stagesof individualdevelopment
E.g.: larval, juvenile and adults stages

In other cases, habitat choice and use can have a regular temporal vari
E.g.:salmonandeel migrations



Habitat use

Solea senegalensis ___, a)larvae leave and recruits outside T g
i LJ
Lavvmamv;lothe b) larvae die due to Al =
estuary (M, S1,N1 ) recruitment failure o
g e | '. 7 Year1 Your2
1Spring 1Summer IAutumn Winter iISpring [Summer lAutumn IWinter ;
{ | | ’
v. Small juvendes weil Juveniles mainiy at the mouth "‘”‘ ow S e
distriduted station (M)
A small part recrults in the
estuary (S2)
Solea solea
Early larvas present at

downstream sampling stations

New recruits at dowtream
samplig stations Juveniles move to others
(M, N1) estuarine areas (N1, N2, S2)
Juveniles move to Juveniles leave the estuary
downstream areas (M, N1)
Platichthys flesus
New recruits at upstream . ‘
samplig station (N2) "
Juveniles live at north arm Juveniles move to the
sampling station (N1, N2) mouth of the estuary (M) ST,

Adultsleavamaesmary

Primo et al., 2012, J Sea Research
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Why do they do it?

Why is there variability in space atiche?

Fithess

h

Habitat use

Suboptimal

vy

~
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/

—

/

230 kK
relationship

Optimal

___babitat

N

. Sy Sui

Costs

~

Disadvantageous
habitat

Space/Time
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Habitat use

2 KAOK @I NA I o f dstibuthoy dnd28pita 8se & K

Physical &ributes

W Temperature
W Depth / Pressure
W Current speed

w Hydrodynamics / Turbulence

w Light intensity

Substrate

Composition/ Grain size
Presenceof other structures
(corals, algaemacrophyte$
availabilityof refugia

Chemical #ributes

w pH

w Salinity

w lon composiion
w Pollutants

w Trace elements

Presence / absence of othespecies

Competition for resources
Feeding

Vital space

Refugia

Reproduction

Other essential habitats
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Habitat use

2 KAOK @I NX I 0 fdiStabutianyabddz&bifaOuse? U & K

Fish life cycle

Resident

Migrator anadromousvs catadromou$
Freshwaterstraggler

Marine straggler

Marine with ontogenicmigrations- nurse

©<I(>§r> Catadromousnigrators
ECXE

¢ European Eel

Time and space

. . components
Marine migratorsg European Sea bass
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Importance of estuariefor U & K

Tides Turbidity
Salinity Oxygen
Temperature Diverse habitats
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In the paticularOF &S 2F UakKsz S a&ightzl
Importante roles

Nursery areas

Spawninggrounds

Migratory routes
Preferenalfeedingareas

Wintering areas

Alternative habitatsto coastalzones

| R yalr3Sa 2F Saldda NASa | a yd:

Abundant food supplg 6 SY I KA O AYQDBSNISoNF (S:
Reducedpredation pressure

Highturbidity and production

Higher water temperature;, faster growth

Diversehabitats

Growth

Body size
Overwintering ability
Survival

Recruitment to adulpopulaions
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The dynamics andopulaiz y SO2f 2 3@

2F UaKkS§e

fesult of the simultaneousadion of a set of environmental and

biologicalfactors

Geographical information

varying scales Biological
biogeographical aspect, component
/ topography
Hydrography Env./Biol. Species P> recruitment
salinity, temperature, > inhabitants, < predation
water movements, diciitution 20N scpetition
dispersal, larval input
\ Biol./Biol.
Env./Biol. taxa
species Niche abl'mdance
tolerances production Biol/Env. biomass
) derived parameters
Physical
component hydrographic regime <

Elliat and Hemingway, 2002, Fishes in Estuarie
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Temporalvariability

CSYLIZNItf QGFINARFOATAGE Ay ydzZNBSNA
life-cycle, related with themigraion towards estuaries

Eggs

: and
- Larvae
L]
E Metamorphosis
=
Year-class
strength
Juveniles
0 30 60 90 120
Days

Pihl et al, 1990, Hydrobiologia

Daily Tidal / Lunar cycles

Seasonal Yearly
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Daily variability
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Tidal / lunar cycle variability



