Lagoons DELIVERABLE D3.2

Results of the problem based
science analysis

SEVENTH FRAMEWORK 3.2.1) The Ria de Aveiro Lagoon, Portugal

© H. Queiroga



LAGOONS Report No. D3.2

Lagoons

Integrated water resources and coastal zone management in European
lagoons in the context of climate change

SEVENTH FRAMEWORK
PROGRAMME

Title:
Results of the problem based science analysis: The Ria de Aveiro Lagoon

Author(s): Lillebg Al, SousaAl, Queiroga H, Department of Biology & CESAM, University of Aveiro, Portugal
Soares JA, Aleixo A, Department of Environment and Planning & CESAM, University of Aveiro, Portugal

Report No. :
LAGOONS Report No. D3.2

This report should be cited as:
LAGOONS, 2013. Results of the problem based science analysis: The Ria de Aveiro Lagoon. LAGOONS
Report D3.2.1. 50 pp.

Organisation name of lead contractor for this deliverable:
University of Murcia

No. of pages
50

Due date of deliverable:
31/03/2013

Actual date of deliverable:
22/07/2012

Dissemination level*:
PU

Keywords:
Common methodology, Benthic diversity, Ecological Quality Status, Habitat characterisation

Title of project: Integrated water resources and coastal zone management in European lagoons in the
context of climate change (LAGOONS)

Instrument: FP7-ENV.2011.0.1.1-1

Contract number: 283157

Start date of project: October 2011 Duration: 36 months

Project co-funded by the European Commission within the Seventh Framework Programme (2007-2013)

Disclaimer

The information provided and the opinions given in this publication are not necessarily those of the
authors or the EC. The authors and publisher assume no liability for any loss resulting from the use of this
report.

'PU  Public
PP Restricted to other programme participants(atiog the Commission Services)
RE Restricted to a group specified by the conseriiincluding the Commission Services)

CcoO Confidential, only for members of the consorti(intluding the Commission Services)




Lagoons

Deliverable D3.2 SEVENTH RANWORK
Contents
List of abbreviations 5
Summary 6
1 General introduction 7
1.1 Ria de Aveiro 7
1.2 The benthic communities 8
1.3 Presence of invasive/alien species 12
1.4 Water quality status 13

2 Description of the main lagoon habitats and their ecological
importance 16

2.1 Ria habitats and their classification undeenmational

conventions 16

2.2 Ria key benthic habitats 17

2.3 Ria key benthic habitats in the context of @lienchange 26
3 Benthic biological diversity and ecological quality 30
4 Fish community 32
5 Fisheries 37
6 Open questions 39
References 40




Deliverable D3.2

SEVENTH FRAMEWORK
PROGRAMME

List of abbreviations

AMD
AMBI
APA

ARHCentro

DAISIE
DPSIR
ICNB
ICNF
INAG
IPCC
MAMAOT
TBT
WFD
WORMS
WWTP

Acute Marsh Dieback

AZTI's Marine Biotic Index

Portuguese Environmental Agency

Administracédo da Regido Hidrografica do Centro I.P.
Delivering Alien Invasive Species Inventdor Europe
Drivers-Pressures-State-Impacts-Response

Portuguese Institute for Nature Conservatiod Biodiversity
National Institute for Environment and For€sinservation
Portuguese Water Institute

Intergovernmental Panel on Climate Change
Ministério da Agricultura, Mar, Ambiente er@enamento do Territorio
Tributyltin

Water Framework Directive

WOrld Register of Marine Species

WasteWater Treatment Plant




€agoons /i
Deliverable D3.2 SEVENTH FRANEWORK

Summary

This report constitutes a knowledge analysis basedexisting literature regarding the

Biology and Ecology of Ria de Aveiro lagoon.

The Ria de Aveiro is located on the Portuguesenfitacoast, comprising a high number of
habitats which support high biological diversityiaRey benthic habitats are salt marshes,
seagrass meadows and mudflats. Salt marshes amédseaneadows have crucial functions
on stabilizing the sediment, protecting intertideitas from tidal action and erosion. All
together, these habitats provide shelter and ressupr ecological and economical valuable

species of invertebrates and fishes.

Updated lists of Ria Flora and Fauna (macroinveatels and mobile megafauna and fish) are

provided. The presence of alien/invasive speciatsi reported.

Regarding the application of WFD, Ria is subdividadfive transitional water bodies (4
natural and 1 heavily modified): Two classified@sod, one Moderate and one Poor, whilst
the potential ecological status of the heavily Miediwater body is Moderate.

The report also includes a description of the mhsgheries, and finalizes with the

identification of some open questions.
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1 General introduction

The main objective of this report is to systematlze knowledge base regarding the Biology
and Ecology of Ria de Aveiro lagoon.

Chapter one starts with a brief description of fystem, highlighting the importance of
benthic communities in the functioning of the lagoand the support of key ecosystem
processes and services. The reader will also geivarview of the major environmental
changes that took place in Ria in the last decadekjding the presence of invasive/alien
species already recorded. Chapter one finalizels it overview regarding the Ria water
guality status based on publications from the tast years. Chapter two focuses on the
description of Ria main habitats and their ecolagimportance. This chapter includes a short
description of each key habitat, including a lifttlee main macrophyte, macroinvertebrate
and mobile megafauna species recorded in the lagmohfinalizes with an overview of these
habitats in the context of climate change.

Chapter three summarizes the published resultsdegabenthic biological diversity and
benthic ecological quality, and a map illustratihg qualitative distribution of the benthic
macrofauna biological diversity is provided. In @tex four readers will find a detailed list of
the main fish species that can be found (or weoedadn the past) in Ria de Aveiro lagoon,
based on literature review, followed by Chaptee fivhere a description of the main fisheries

is provided. The report finalizes with the idert#iion of some open questions (Chapter 6).

1.1 RiadeAveiro

The Ria de Aveiro (40°38'N, 08°45'W) is a shallowastal lagoon connected to the Atlantic
Ocean through a single inlet (Figure 1.1), anaddsied in the central coastal zone of Portugal
integrating the Vouga river catchment aréap(//www.arhcentro.pl/ For a more detailed
description of the catchment area please see LAG®OINroject webpage
(http://lagoons.web.ua.pt/ - LAGOONS 2012, Reportlbp

The lagoon is approximately 45 km long (NNE-SSW),KIm wide and, during spring tide,
covers an area of approximately 83%amd 66 km of wetland at high and low water,
respectively Dias et al, 200Q. The bathymetry of the Ria de Aveiro consistdafr main
channels with several branches forming islandserifrasins and mudflats (Figure 1.2). The

Mira and ilhavo channels are narrow and shallow: $h Jacinto - Ovar channel is wider and
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deeper in its southern part, forming secondaryowarand shallow channels and basins

Deliverable D3.2 SEVERTH FRAEWORK

northwards. The Espinheiro channel is characteffisesecondary channels, islands, marshes
and basins (Figure 1.2). Other smaller rivers discharge into the lagoon, namely the river
Boco in the ilhavo channel; the Caster river in @ear channel, and the Mira river in the
Mira channel I(ttp://lagoons.web.ua.pt/ - LAGOONS Report DJ.1the Vouga river is the
most important, accounting for 2/3 of the totakfreater inputi{loreiraet al, 1993. Due to
the combined effects of the freshwater dischargktiaal propagation, the central area of the
Ria de Aveiro exhibits a longitudinal salinity grewt from about O in the upper reaches of the
Espinheiro channel to about 36 at the bar entréageVVaz and Dias, 2008 The average
depth of the lagoon relative to chart datum is adom, except in the navigation channels
where dredging operations are frequently carried(loitp://lagoons.web.ua.pt/ - LAGOONS
2012, Report D61

40°38'N, 08°45’W /
/

J | = m—

Figure 1.1 — Aerial view of Ria de Aveiro with itetour . . . .
highlighted in blue (source: map from Google Eamﬁlgure 1.2 — The main channels in the Ria de Aveiro
contour from WFD). coastal lagoon.




¢Lagoons /i
Deliverable D3.2 SEVENTH FRANEWORK

1.2 Thebenthic communities

Benthic communities at Ria de Aveiro lagoon plases role in the environmental health and
biodiversity, contributing to the well-being of tearrounding populations. Seagrass meadows
and salt marshes, which are among the most pregubfbitats in coastal areaddlLusky
and Elliott, 200%, have important roles in the functioning of tagdon, namely through the
ecological processes occurring within these treomst areas (e.g. estuaries and coastal
lagoons). Salt marshes and seagrass meadows haei@l dunctions on stabilizing the
sediment, protecting intertidal areas from tidalacand erosion, as well as providing habitat
for ecological and economical valuable specieseéitebrates and fishe®ith et al, 2006
Gedanet al, 2009 Lillebg et al, 201]). Moreover, these habitats are crucial in primary
productivity, nutrients’ sequestration and cycl{i@pusaet al, 2008, 2010, 203 Silvaet al,
2009 Lillebg et al, 2011, metals’ sequestration and cycling (e/glegaet al, 2008 Pereira

et al, 2009 Lillebg et al, 2010a Marqueset al, 2011 Anastacioet al, 2013, and still can
mediate organic pollutants degradation and bioakdilty (e.g. petroleum hydrocarbons,
pesticides and surfactant®)lifreidaet al, 2008, 2009a, 2009Martinset al, 200§ Ribeiro

et al, 2013. The mentioned ecological processes support dmogical functions and
services provided (provisional, regulation and remiance) by Ria de Aveiro benthic

communities.

Considering Ria recent past, namely the last themades, the major changes holds up to

ecohydrology of the system.

In the 1950s, the inlet channel was improved bystrotion of breakwaters and deepened by
dredging as far upstream as the port of Aveftibvé et al, 2009. During the 1990s, most of
the dredging operations were carried out in thenmavigation channel but, during the 1990s,
large quantities of sediment (><A0° m* Administracdo do Porto de Aveiro) were also
removed from the inner channefsl{a et al, 2009. Changes in the system’s hydrodynamics
have altered the tidal prism and increased therwalecity (Picadoet al, 2010, resulting in
the loss of subtidal seagrass meadows and redticengntertidal meadows extension and
biodiversity Silva et al, 2009. Deepening of the major channels due to dredgutyities
and the construction of inlet pierSifva and Duck, 20Q1Silva et al, 2004, 200pled to the
increase in tidal water velocity and turbidity, seent resuspension, loss of fine sediments
and nutrientsgilvaet al, 2009, which ended in the decline in intertidal ared &stly in the
seagrass meadows declikgla et al, 2009. Currently, seagrass meadows of this lagoon are
9
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restricted to intertidal areas amtbstera noltit is the only expressively present seagrass
species $ilvaet al, 2009 Azevedoet al, 2013 Cunhaet al, 2013.

*According to WORMS — World Register of marine Spsci(ittp://www.marinespecies.org/index.php

Accessed [6/13/2013]) the name 4sstera nolteiHornemann, 1832, as originally described by thth@u
(http://images.algaebase.org/pdf/562DF4FA11a772CAPEFDDA3/48367.pdf Accessed [6/13/2013)).

However, throughout this report we will keep thestnmommonly used name according to the literatitesl

Until the 1960’s, the traditional activity of hasteng “molico” (a mixture of seagrasses and
macroalgae, includingZostera noltii, Zostera (Zostera) marinkinnaeus, 1753,Ulva
Linnaeus, 1753 anGracilaria Greville, 1830) and its use as fertilizer for agftiural fields
had a great impact in the surrounding human-pojpuat Santos and Duarte, 1991
However, after a remarkable decrease in the sulga@aulation and due to the increased use
of chemical fertilizers in agriculture, “molico” $b its economical value and commercial
harvesting of seagrass was totally ceasedd et al, 2009. To sum up, since the 1980’s, the
combined pressures in Ria de Aveiro lagoon lechtodecrease of vertical distribution and
species diversity of these meadows (detailed aesadtion 2). In addition, seagrass meadows
coverage greatly decreased over the last threaldscaamely, in 1984, noltii had a cover
distribution of 8 kni in the Ovar channel, but only 1 krwas recorded by 2003{(va et al,
2009). Accordingly, macroalgae that populated subtatels in the past (e.Ghaetomorpha
ligustica (Kutzing) Kutzing, 1849, previously described &sla lubrica (Setchell &
N.L.Gardner) A.Hamel & G.Hamel, 1929) had disappdainAzevedoet al. (2013) authors
applied the generic DPSIR (Drivers-Pressures-3tapacts-Response) framework to the Ria
Zosteraceae seagrass communities, and resulte@sm $n table 1.1. Regarding salt marshes,
there are evidences of the decrease of the sa#thnaaea in the Baixo Vouga Lagunar due to
the increase of the tidal prism and consequendyirthrease of the saltwater flooding period,
also putting the unique and typical landscape, dige¢, under pressuré’ioject F:ACTS!
webpage - http://www.factsproject.euFurthermore, changes of the lagoon hydrodynamics
and the abandonment of salt works, one of ancieitional activities, have led to the

collapse of the saltpan wallgi¢adoet al, 2010 and consequently changing the landscape.

10
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Table 1.1 — Application of DSPIR framework to thesfraceae seagrass communities of Ria de Aveira faahAzevedo
etal, 2013.
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The framework The evidence References
Driving Forces Harbour activities (commercial and fishing (Duck and Silva, 2012)

Dredging activities; (Silva and Duck, 2001)

Pressures Breakwater construction (Silva and Duck, 2001; Silvet al, 2005)

Fishing/bait digging (Silvaet al, 2005).

(Silva and Duck, 2001; Silvet al, 2004, 2007,

System hydrodynamics changed 2009; Aratijoet al, 2008)

Channel depth increased (Silva and Duck, 2001; Silvet al, 2004, 2009)
Nutrient cycling modified (Silvaet al, 2009)
Modifications in sediment dynamics (Silva and Duck, 2001; Silvet al, 2004, 2005)
Seagrass decline (Silvaet al, 2004, 2005, 2009; Cunieaal, 2013)
Light penetration (Silvaet al, 2004; 2009)
Alterations of water _ph_ysicochemical (Silvaet al, 2004)
characteristics
Decrease in seagrasses species diversit (Silvaet al, 2004, 2005, 2009; Cunle al, 2013)
Habitat loss and fragmentation (Silvaet al, 2004, 2005, 2009; Cunted al, 2013)
Decrease protection against erosion (Silvaet al, 2009)
Impacts Decrease settling of fine sediments (Silvaet al, 2007, 2009)
Increased water current (Silvaet al, 2004, 2007, 2009)
Decrease nutrient retention (Silvaet al, 2009)
Decrea_se of other associated ecosysten (Barbieret al, 2011)
services, processes and functions

Complementary studies to evaluate the
resilience of Ria de Aveiro seagrass meadc
to biogeochemical and physical stressors

Development of a decision-support tool fo
management strategies (e.g. biological, wa

quality and hydrodynamic models of

Responses (Azevedoet al, 2013)

intertidal seagrass communities’ processes
Ria de Aveiro, including future climate
change scenarios);

Contribution to the implementation of the
WEFD, i.e., to the knowledge towards a goc
ecological status of Ria de Aveiro

11
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1.3 Presenceof invasive/alien species

The presence of invasive/alien species has alsoreeerded in Ria de Aveiro.

(All species names were verified and updated aocogrtb WORMS — World Register of
marine Speciesiftp://www.marinespecies.org/index.plAccessed [6/10/2013]).

Relevant examples of macroinvertebrates are:

Venerupis philippinarunfA. Adams & Reeve, 1850) — It is native distrilautiis South China
Sea, East China Sea, Yellow Sea, Sea of JapamfSekhotsk and southern Kuril Islands
(European Network on Invasive Alien Species — NOB&N http://www.nobanis.org/
Accessed [6/10/2013]). The status in Portugal iseAlEstablished (DAISIE — Delivering
Alien Invasive Species Inventory for Européttf://www.europe-aliens.orgAccessed
[6/10/2013]). V. philippinarum (previously known askuditapes philippinarun{Adams &
Reeve, 1850)) was recently introduced in Ria whedeves in sympatry with the native
speciesVenerupis decussat@.innaeus, 1758) (previously known &uditapes decussatus

(Linnaeus, 1758))Higueira and Freitas) press.

Mya arenariaLinnaeus, 1758 — It is native to the North Amenmieast coast from Labrador,
Canada to Cape Hatteras (Global Invasive databasg:/fvww.issg.org/ Accessed
[6/10/2013]). The status in Portugal is Cryptogdestablished (DAISIE — Delivering Alien
Invasive Species Inventory for Eurogetp://www.europe-aliens.orgccessed [6/10/2013]).
In Ria de AveiroM. arenaria has a low density and a restricted distributiont bas an
established reproductive populatigtofideet al, 2019).

Corbicula flumineaMiiller, 1774 — the genuSorbiculalives in temperate to tropical southern
Asia west to the eastern Mediterranean; Africa,epkén the Sahara desert; and southeast
Asian islands south into central and eastern Alisti@lorton 1986 in U.S. Geological
Survey. [2013]. Nonindigenous Aquatic Species Dadab Gainesville, Florida. Accessed
[6/10/2013]). The status in Portugal is Allien/Hdished (DAISIE — Delivering Alien
Invasive Species Inventory for Eurogetf://www.europe-aliens.or@ccessed [6/10/2013]).

In Ria de AveiroC. flumineahas been recorded in Casal de Sdo Tomé channeidjpality

of Mira) that runs to the Ria de AveirGébriel, 201}, in Vouga River (Reis 2006, ikorais

et al, 2009 and in the most inner channel areas of Ria, d@xiteavo and Ovar channels
(Rodrigueset al, 2011)

12
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Relevant examples of macrophytes are:

Spartina versicoloiE. Fabre — the origin, nomenclature and systesaticdhis species has
been controverse and is not totally clear. It wiestly described in the French Mediterranean
coast (Fabre 1849, iarietoet al, 2011, then in the coast of Italy and on the Portuguesest
(Prieto et al, 2011 and references therein). Thus, while some autkorsider it as a
Mediterranean native species, others suggest thandtive distribution is the Atlantic
European coasts and others still suggest thatsihesies is native at the North American
Atlantic coast exhibiting invasive behaviour on tBeropean Atlantic coasEénLéoret al,
1999 Prieto et al, 2011 and references therein). This species has also tgEnted as
Spartina patengAiton) Muhlenberg, and according térieto et al. (2011) it should be
considered the same species &partina versicolar Flora Europaea h{tp://rbg-
web2.rbge.org.uk/FE/fe.htmAccessed [6/13/2013]) classifi&partina versicolorE. Fabre,
Spartina patensuct., non (Aiton) Muhl.Spartina durieuiParl., Spartina junceaauct., non
(Michx.) Willd, as synonyms. In Ria de Aveir8, versicolothas been considered an invasive
species by the National Institute for Environment &orest Conservation — Instituto da
Conservacao da Natureza e das Florestas, I. PRJICNPSRN 2000 IDAD, 2008 ICNF,
2012. S. versicolorwas not mentioned in a monitoring study perforrhgdCrespo (2003 in
IDAD, 2008) but was later identified in the high marshes @ fDAD, 2008 ICNF, 2013.

1.4 Water quality status

Regarding the Ria water quality status the follayvsummarizes publications from the last
ten years on: i) the overall eutrophic conditionRi& (Ferreiraet al, 2003 Lopeset al,
2007); ii) the characterization of Ria habitats\(BIECO, 2011); iii) the classification of Ria
water masses following the Water Framework Direc{MAMAOT/ARHCentro, 2013; iv)
the historical contamination of the syste@aétroet al, 200§ Sousaet al, 2007 Pereiraet
al., 2009.

One decade ago the former Portuguese Water Iest{thMAG), which is now Part of the
Portuguese Environmental Agency (APA), promotediulys aiming the Identification of
sensitive areas and vulnerable zones in transltiand coastal Portuguese systems. The
resulting report concluded that the Ria de Avems h moderate degree of eutrophication and
low overall human influence in comparison to otéstuarine systems, and that less than 10%

of nutrient inputs were coming from point sourcesr(eiraet al, 2003. The improvement of

13
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the WWTP systems and the construction of a submanutfall have reduced nutrient loads
(SIMRIA webpage Http://www.simria.pt), however some upstream areas still show higher
concentrations of dissolved inorganic nutrientsnely nitrogen ((opeset al, 2007. As the
pressure from nutrient loads were not expectedd¢oease, to what concern eutrophication
Ria was not recommended to list as a sensitive @eactive 91/271/EEC) or vulnerable
zone (Directive 91/676/EEC) Férreira et al, 2003. More recently, i.e. in 2012
(MAMAOT/ARHCentro, 2013, an area of 23.36 Km(including the municipalities of
Aveiro, Vagos, Mira, Cantanhede and Oliveira dor®diand an area of 81,38 kifincluding
the municipalities of Estarreja-Murtosa) were dieesd as vulnerable zones, respectively:
Zona Vulneravel Litoral Centro and Zona VulneradelEstarreja-Murtosa. Nevertheless, and
although the Ria de Aveiro is quite urbanized amtustrialized in some areas, it has been
classified to be in a reasonable good state ofrenwiental preservation. The study leading to
this conclusion was done in the scope of the Pbiisral Ria de Aveiro programme
(http://www.polisriadeaveiro.ptieported byAMBIECO (2011)

In the scope of the WFD, Ria de Aveiro lagoon imgd#d in five transitional water bodies
(Figure 1.3). These water bodies were classifiedliésy (MAMAOT/ARHCentro, 2013;

WB1 - A natural (unmodified) water body that inahsdthe Mira channel and Barra - the
connection to the Atlantic ocean. The water ecalalgstatus issood.

WB2 — A heavily modified water body correspondingtiie central area of the lagoons. The

water potential ecological statusis

WB3 — A natural (unmodified) water body that cop@sds to the ilhavo channel. The water
ecological status iSood.

WB4 — A natural (unmodified) water body that inadsdthe Murtosa channel and the Laranjo

basin. The water ecological statusis

WB5 — A natural (unmodified) water body that copesds to the Ovar channel. The water

ecological status isoor.

14
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Ria Aveiro-WB2

GEaéaons @
Legend i

Transitional water heavily modified .

| Transitional water unmodified

’x 0 25 5

N km

Figure 1.2 — Aerial view of Ria de Aveiro with thentour of the water

masses according to WFD (source: map from GoogtthfEeontour from
WEFD).

The implementation of EU environmental policies Hasthermore aided in reducing
anthropogenic sources of potentially toxic eleméatg.Pereiraet al, 2009. However, there
is substantial contamination in bottom sediments assult of historical contamination. In
fact, the most impacted areas are a comparativabll dasin in the northern part of the
estuary (Coroa basini@stroet al, 2009, and the Laranjo basin, a shallow area measring
km?, that is historically contaminated with mercufe(eiraet al, 2009. From the 1950's
until 1994, the Laranjo basin received a highly taamnated effluent that was discharged
from a mercury cell chlor-alkali plant located metEstarreja industrial compleRdreiraet

al., 2009. The sediment pool of mercury is still a causeaicern since it may constitute a

15
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potential source to biot&¢Ereiraet al, 2009. Outside the Laranjo basin, Hg levels are much
lower and below the European threshold concentrdto fish and seafood consumption (0.5
mg kg* for seafood and 1 mg Rgfor certain fish, EC No. 466/2001p¢reiraet al, 2009.
Another study $ousaet al, 2007 denoted a decrease in TBT pollution in the Riarawne
last years. Changes became particularly clear 2668 and might be associated to the EU
ban of TBT.

2 Description of the main lagoon habitats and their ecological importance

2.1 Riahabitatsand their classification under inter national conventions:

The lagoon watershed area is surrounded by a highber of habitats supporting high
biological diversity (Figure 2.1). It is classified a special area of conservation under the EU
directive on the conservation of wild birds (7994PEC). Under the Berne Convention it has
several species classified as protected, strictdtepted or as endangered. In its northern part,
between S. Jacinto and Torreira, there is a nagserve—"Reserva Natural das Dunas de S.
Jacinto”. This natural reserve (Natural ReserveSofJacinto Dunes) covers an area of
approximately 960 ha with 210 ha correspondindnéorharitime area, and has a vast diversity
of habitats and species. The Decree-Law No. 47f76"oMarch established the “Nature
Reserve” status in order to create the necessawjitaans for the preservation of the coastal
dunes (ICNB webpageyttp://portal.icnb.p). From the conservational point of view this
system is considered a high priority since it i@damental step in the migration of aquatic
birds and an ideal place for winter shelter andingsThe whole area of the Ria de Aveiro
also supports agriculture farms and activitiesinsically associated with major towns in
coastal areas: port facilities, industries, aguaces, salt production and fishing. Since the
19" century, the settled population has shaped thesystem by creating salt pans and
drainage marshes, opening small channels for nimgaand by creating farmlands such as
the smallholdings named “bocage”, thus contributimghe increase of habitat diversity and
associated biodiversity (BIORIA webpadeip://www.bioria.con). Within the lagoon the
key habitats include saltmarshes, seagrass meaatmveudflats (Figure 2.3eagrasses not

shown).

16
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Legend @ns
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Figure 2.2 — Aerial view of the lagoon main benthic

Figure 2.1 — Aerial view of Ria de Aveiro hab'tat?\abitats: intertidal mudflats; low-, medium- angisalt

distribution (source: map from Google Earth; datairf marshes (seagrasses not shown) (source: map from

AMBIECO report for Polis Littoral Ria de Aveiro, 2011) Google Earth: data from AMBIECO report for Polis

Littoral Ria de Aveiro, 2011).

2.2 Riakey benthic habitats:

Salt marshes are located in transitional areas between the &t the estuarine/brackish
water. These habitats are characterized by a typ@aation and spatial distribution of the
halophytes species, depending on the marsh’s tapbgr Consequently, tidal submersion
(frequency and duration), physical and chemicalrattaristics of the sediment, and the
interspecific competition depend on the halophytsation (efeuvre et al, 2003.
Accordingly, halophytes colonizing low salt marste adapted and tolerant to different
physical and chemical parameters, when comparédet@lant species colonizing mid- and
high marshes. Other parameters, such as compaeitidacilitation among salt marsh plants,
as well as grazing, are also critically importantontrolling community structuré&@rbieret
al., 2011). Furthermore, all salt marsh plants have impdresosystem functions, namely

nutrient cycling, high primary productivity, protean against tidal action and coastal erosion

17
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(due to their contribution to the sedimentationgess and detritus retention), important
habitats and nursery areas for different estudanaa (e.g. fishesSpuseet al, 2008, 2010,
2012 Gedaret al, 2009 Lillebg et al, 201Q Barbieret al, 2011 Deegaret al, 2012.

As mentioned above, salt marshes are charactdsizadzonation pattern following the marsh
topography and the salinity gradient. AccordingRia de Aveiro low salt marshes are
colonized by pioneer vegetation such $sartina maritima(Curt.) Fernald andalicornia
ramosisima J.Woods (DAD, 2008 AMBIECO, 2017 http://www.biorede.p), able to
support long inundation and anaerobiotic periodgswall as high salinities since they are
daily affected by the tidal action. Contiguously, a higher elevation but still frequently
inundated, mid-marshes are mainly populate&ascocornia perennisubspperennis (Mill.)
A.J.Scottand Halimione portulacoideqL.) Aell. (IDAD, 2008). These species preferably
occupy creek margins, channels and banks in thenmaighes, being bi-daily tidally
inundated IDAD, 2008). They are characterized by low to moderate sdihgies, without
permanent inundation, but still flooded by the ktidater (DAD, 2008. High marshes are
mainly populated by the sea rushuifcus maritimugLam.) and upstream, where the salinity
is lower, Phragmites australigCav.) Trin. ex Steud. is the dominant speckistagmites
australis colonizes transitional areas wherein freshwatedgrenates to the saline water.
According to the salinity gradient, other specils® accur, namelBolboschoenus maritimus
(L.) Palla, previously knowras Scirpus maritimus LKalimione portulacoidegL.) Aell.,
Aster tripoliumsubsp. pannonicus (Jacg.) So0, 1R&aspalum vaginatunsw., Triglochin
maritima L. andLimonium vulgareMill. (IDAD, 2008 AMBIECO, 2011J). Considering that
Spartina versicolomwasn’t mentioned in monitoring studies performe@003 (Crespo, 2003;
in IDAD, 2008, this invasive species has recently populated dgidAveiro high marshes
(PSRN, 2000 IDAD, 2008 ICNF, 2013, occurring both as the dominant species or

accompanied byuncus maritimuandPhragmites australis

According to a monitoring study performed at thexBavouga LagunarlDAD, 2008), the
most frequent (and usually more abundant) spegiésel Ria de Aveiro salt marsh habitat are

summarized in Table 2.1.
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Table 2.1 — Most common salt marsh plants occuriinpw, mid and high marshes of Ria de Aveiro lagddata from

IDAD, 2008 and from http://www.biorede.pt/Accessed [06/13/2013]). All species names werédfiegrand updated
according to WORMS — World Register of Marine Speciesp://www.marinespecies.org/index.phune 2013) and/or
Flora Iberica lfttp://www.floraiberica.es/June 2013).

Deliverable D3.2 SEVENTH FRANEWORK

Salt marsh type/
elevation

Portuguese commor|
name

Species

Spartina maritimgCurtis) Fernald, 1916 morracga

Low marsh - - — - -
Salicornia ramosissimd.Woods, 1851 salicornia

Salicornia ramosissimd.Woods, 1851 salicornia
Sarcocornia perennisubsp perennigMill.) A.J. Scott,1978,
previously known aérthrocnemum perenn@ill.) Moss, 1948 gramata
Halimione portulacoide$l.) Aellen, 1938 gramata branca
Aster tripolium L. subsp. pannonicus (Jacq.) S@25(% malmequer-da-praig
Inula crithmoides L., 1753 campana-da-praia

Mid marsh Spergularia salinal.& K. Presl, previously known &pergularia
marina (Linnaeus) Besser, 1852
Spergularia mediglL.) C.Presl, 1826 -

Triglochin maritimuml_., 17539 erva-do-brejo

Triglochin striataRuiz Lépez & Pavon, 1802 -

Cotula coronopifoliaLinnaeus, 1753 -
Limonium vulgareMill., 1955 liménio
Juncus maritimus Lam1789 junco-das-esteiras
Bolboschoenus maritimyk.) Palla, 1955, previously known as

Scirpus maritimug..
Schoenoplectus pungef\gahl) Palla, 1889, previously known a
Scirpus pungenghal.
Schoenoplectus lacustrfs.) Palla, 1889, previously known as
Scirpus lacutrid...
Phragmites australi¢Cav.) Trin. ex Steud., 1955 canico
Typha latifolial.., 1753
Typha angustifoli&., 1753 tédbua
Typha dominguensiers., 1807
Tamarix africanaPoir., 1789

WORNMS reportdster tripoliumL., but not the subspecies mentioned in the liteea™ only the genusnula is

recorded on WORMS® according to WORMS; however, Flora Iberica accefpergularia marina(L.) Besser,
1822; according to WORMS; Flora Iberica repoftsglochin maritimaL., 1753, which is due to an update to the

feminine gender.

sapinhos-das-areiag

triangulo

High marsh bunho

(@)

Seagrass meadows are located in lower elevation/height. These meadare colonized by
intertidal and subtidal seagrasses, providing itgmdr ecosystem services, namely high
primary productivity, carbon and nutrient cyclingdasequestration, sediment stabilization
and protection against erosion, food for grazeaditat and nursery areas for fish species
(Orth et al, 200§ Lillebg et al, 2011 Fourqureanet al, 2012, being crucial for the
equilibrium of the entire system. Seagrasses adelwirecognized as engineering organisms
(e.g.Hastingset al, 2007; van der heidet al, 2019, considering their ability to modify the
abiotic environment and perform biogeochemical dean within the sediment. The
ecosystem engineering was firstly describedJbyeset al. (1994). Accordingly, seagrass
meadows can affect the water flow and dynamicsiritrie to sediment trapping and reduce
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water turbidity, as well as affect nutrient dynasjicarbon sequestration and biogeochemistry
of the sediment@.illebg et al, 2011; van der Heidet al, 2012; Fourquereagt al, 2012).
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Until the 1960’s, Ria de Aveiro subtidal areas westonized by transitional waters’ seagrass
species Ruppia cirrhosa(Petagna) Grande, 1918tuckenia pectinatélL.) Borner, 1912,
previously known a$otamogeton pectinatusnd byZosteralLinnaeus, 1753)Hilva et al,
2004). Later on, a survey performed in the 1980’s aaihannel recorded that subtidal areas
were vegetated by the seagrasses Stuckenia pecthgipia cirrhosa, Zostera marinand
Zostera noltii (also present at intertidal area), and by the oagae Enteromorpha Link,
1820 accepted as Ulva Linnaeus, 1MGBaetomorpha ligustic&tzing) Kitzing, 1849 and
Gracilariopsis longissima(S.G.Gmelin) M.Steentoft, L.M.Irvine & W.F.Farnham995,
previously known agsracilaria verrucosa(Hudson) Papenfuss, 19%8ilva et al, 2009
(Table 2.2).

Table 2.2 — Seagrass and macroalgae species ogciriRia de Aveiro lagoon over time (from the 1380M present); (data
from Silva et al, 2004, 2009Cunhaet al, 2013. All species names were verified and updated ragcg to WORMS —
World Register of marine Specieshttf://www.marinespecies.org/index.phpJune 2013) and/or Flora Iberica
(http://www.floraiberica.es/June 2013). * Insignificant biomass most of teary(Silvaet al, 2009).

Tidal

. In the 2000s’
zonation

Macrophytes Until the 1980’s Nowadays/Present
Ruppia cirrhosgPetagna)
Grande, 1918
Stuckenia pectinaté_.) Borner,
1912, previously known as
Potamogeton pectinatus
Zostera marind.innaeus, 1753
Zostera noltei Hornemann,
1832@

Ulva Linnaeus, 1753,
previously known as
Enteromorphd.., 1753
Chaetomorpha ligustica
(Kutzing) Kitzing, 1849,
previously known atola
lubrica (Setchell &
N.L.Gardner) A.Hamel &
G.Hamel, 1929 and as
Rhizoclonium lubricunsetchell
& N.L.Gardner, 1919

Gracilariopsis longissima

Seagrasses

Ulva Linnaeus, 1758

Subtidal Unknown/not recorded

Macroalgae

Gracilariopsis longissima

Intertidal

Seagrasses

(S.G.Gmelin) M.Steentoft,
L.M.Irvine & W.F.Farnham,
1995, previously known as
Gracilaria verrucosaHudson)
Papenfuss, 1950

Zostera noltii

(S.G.Gmelin) M.Steentoft,
L.M.Irvine &
W.F.Farnham, 1995,
previously known as
Gracilaria verrucosa
(Hudson) Papenfuss, 195(
Zostera noltii

Macroalgae

Ulva Linnaeus, 1753,
previously known as
Enteromorphd.., 1753

Ulva intestinalisLinnaeus,
1753

20




Lagoons

Tidal

Macrophytes Until the 1980’s

zonation

Deliverable D3.2

In the 2000s’

Ulva lactucalLinnaeus,
1753

SEVENTH FRAMEWORK
PROGRAMME

Nowadays/Present

Ulva Linnaeus, 1753,
previously known as
Enteromorphd.., 1753

Ulva Linnaeus, 1753,
previously known as
Enteromorphd.., 1753

Ulva Linnaeus, 1753,
previously known as
Enteromorphd.., 1753

Gracilariopsis longissima
(S.G.Gmelin) M.Steentoft,
L.M.Irvine & W.F.Farnham,
1995, previously known as
Gracilaria verrucosaHudson)
Papenfuss, 1950

Gracilariopsis longissima
(S.G.Gmelin) M.Steentoft,
L.M.Irvine &
W.F.Farnham, 1995,
previously known as
Gracilaria verrucosa
(Hudson) Papenfuss, 195

Gracilaria Greville, 1830

Gracilaria gracilis (Stackh.)
Steentoft, L. M. Irvine &
Farnham, 1995

Fucus spiralid_innaeus,
1753*

FucusLinnaeus, 1753

CladophoraKitzing, 1843

BryopsisJ.V.Lamouroux,
1809*

Blidingia Kylin, 1947 *

Ceramium virgatuniRoth,

1797, previously known ag
Ceramium rubrum
C.Agardh,1811*

PolysiphoniaGreville, 1823
*

Bostrychia scorpioides
(Hudson) Montagne, 1842
previously known a&ucus
scorpioidesHudson, 1762

Stylonemdeinsch, 1875,
previously known as
GoniotrichumKauitzing,
1943 *

Sargassum muticum

(Yendo) Fensholt, 1955 *

@ Zostera nolteHornemann, 1832ccording to WORMS; however, throughout the preseport it will be kept the most
commonly used nam&é¢stera nolti) according to the literature cited.

However, as mentioned in section 1, throughoutlase decades of the ®@entury, Ria de

Aveiro lagoon suffered a great decline in the sesgmeadows extension and biodiversity.

Thus, in the beginning of the 2tentury, at Ovar channépstera nolti{dominant species)

was restricted to the intertidal zone, and mixedhwihe macroalgadJlva sp., and

Gracilariopsis longissima(S.G.Gmelin) M.Steentoft, L.M.Irvine & W.F.Farnham995

(Silva et al, 2009. According toSilva et al. (2009) at that timeGracilaria gracilis, Ulva

intestinalis and Ulva lactucawere the most abundant macroalgae speciesClagtophora

Kitzing 1843, Chaetomorpha Kitzing,

1845, Blidingia Kylin,

1947, Bryopsis

J.V.Lamouroux, 1809Ceramium virgatumRoth, 1797, previously known a&Seramium

rubrum C.Agardh, 1811,Polysiphonia Greville, 1823, Bostrychia scorpioideqHudson)
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Montagne, 1842 (previously known &sicus scorpioidedHudson, 1762), an&tylonema

Deliverable D3.2 SEVERTH FRAEWORK

Reinsch 1875, previously known as Goniotrichum Kiitzin@42 were present as well (Table
2.2). However, their biomass was considered inBagmt during most of the yeaFucus
spiralis Linnaeus, 1753 an&argassum muticuriYendo) Fensholt, 1955 were recorded
attached to human-made structurgsv@ et al, 2009. The subtidal zone was only vegetated
by macroalgae Gracilariopsis longissima(and Ulva sp.) Gilva et al, 2009. Currently,
recent assessments (eSjlva et al, 2009 Cunhaet al., 2013 indicate thatZostera noltii
(Figure 2.3) is restricted to the intertidal flatdjose main meadows’ distribution is shown in
Figure 2.4. Gracilaria Greville, 1830 albidiva sp. are the main macroalgae genera colonizing
the intertidal mudflats, namely in Ovar and Miraanhels. Even though with lower
abundancef-ucusLinnaeus, 1753 is also present in some areas axpesed intertidal areas
of Ria de Aveiro.

0ns
Lagoon main benthic habitats g
Sand
B intertidal flats
Low salt marshes
Medium & high salt marshes |

A

o x L)
i —
]

km

Presence of Zostera noltil meadows - 2012 feirdes do nat reflect the siee of the meadow)

Figure 2.3 —Zostera noltimeadow in Mira channel (photo:

©Al Lillebg, 2012).
Figure 2.4 — Aerial view of Ria de Aveiro habitats

distribution and the location of the mattostera noltii
meadows in 2012 (team personal observation); (sourc
map from Google Earth; data from AMBIECO report for
Polis Littoral Ria de Aveiro, 2011).
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Mudflats are colonized by benthic microalgae (microphytdbes) forming extensive
biofiilms on the sediment surface (e.gieira et al, 2013, being highly productive
(Underwood and Kromkam, 19RBiofilms also contribute to the protection agdierosion
through the compaction and biostabilization of sleeliment due to the exopolyssacharides
production {olhursfet al, 2002 Lundkvistet al, 2007. Mudflats provide habitat to many
macroinvertebrate species and are an importaninigexburce for bird species. Actually,
mudflats can support extremely high densities wkitebratesNIicLusky and Elliott, 200%
providing high densities of polychaetes, mollusasistaceans and other invertebrates as a
resource for many birds and fish predators. Bagigidig is frequent in Ria de Aveiro
mudflats, showing their social-economical role e &adjacent human populatioGunhaet

al., 2005; Freitawt al, 201). These benthic communities have the ability ftuance and
change the physical and chemical parameters ofr thdjacent sediment. Through
bioturbation, these organisms are responsible ligsipal displacement of water and particles
within the sedimentKristenseret al, 2012. Burrows construction and maintenance leads to
chlorophyll a (microphytobenthos), organic matted ather particles mixing and relocation
within the sediment layer. As a result, biogeocleaichanges occur, which, according to
Kristensenet al. (2012) corresponds to an ecosystem engineering procasr than
bioturbation. Morever, temperate mudflats and ienthic organisms, namely primary
producers (e.gSundbéacket al., 2000, microbial communities (e.gRysgaardet al., 1995;
Risgaard-Petersen, 200and macrofaunal organisms (eRysgaardet al., 1995; Fanjulet

al., 2017, have an important role on the nutrient cyclihghe sediment level, contributing to

the overall system equilibrium.

Regarding benthic macroinvertebrates and mobileafaega in Ria de Aveiro lagoon, Table
2.4 show the list of species that can be found dase literature review of the following
authors: Moreira et al, 1993 Nuneset al, 200§ Rodrigueset al, 2011 MAMAOT/
ARHCentro, 2012and fromhttp://www.biorede.pt/
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Table 2.4 — Macroinvertebrates and mobile megafapeies occurring in Ria de Aveiro lagodviofeira et al, 1993
Nuneset al, 2008 Rodrigueset al, 2011 MAMAOT/ ARHCentro, 2012and fromhttp://www.biorede.p). All species

names

were verified

and

updated

according to

Deliverable D3.2
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WORMS World Register of marine Species

(http://www.marinespecies.org/index.php, June 2013

Class

Anthozoa
Anthozoa

Family

Hormathiidae
Sagartiidae

Specie

Calliactis parasitica(Couch, 1842)
Cereus pedunculaty®ennant, 1777)

Molgulidae Molgula manhattensiDe Kay, 1843)

Bivalvia
Bivalvia
Bivalvia
Bivalvia
Bivalvia
Bivalvia
Bivalvia

Bivalvia

Bivalvia
Bivalvia

Bivalvia

Bivalvia
Bivalvia

Bivalvia

Cardiidae
Cyrenidae
Donacidae
Mactridae
Myidae
Nuculidae
Semelidae

Semelidae

Semelidae
Solenidae

Tellinidae

Veneridae
Veneridae

Veneridae

Cerastoderma edul@innaeus, 1758)
Corbicula fluminea(O. F. Muller, 1774)
Donax semistriatugPoli, 1795)
Spisula solidgLinnaeus, 1758)
Mya arenaria(Linnaeus, 1758)
Nucula nucleugLinnaeus, 1758)
Scrobicularia plangda Costa, 1778)
- (unaccepted)
Abra segmenturfRécluz, 1843)
Abra alba(W. Wood, 1802)
Solen marginatuPulteney, 1799)
- (unaccepted)
Angulus tenuigda Costa, 1778)
- (unaccepted)
Venerupis decussafeinnaeus, 1758)
Turtonia minuta(Fabricius, 1780)
- (unaccepted)
Venerupis corrugatdGmelin, 1791)

Cephalopoda Sepia officinaligLinnaeus, 1758)

Clitellata
Gastropoda

Tubificidae
Haminoeidae

Tubificoides benedii (Udekem, 1855)
Haminoea orbignyanéFérussac, 1822)

Hydrobia ulvag(Pennant, 1777) (unaccepted)

H .
Gastropoda ydrobiidae Peringia ulvag(Pennant, 1777)
Gastropoda Nassariidae Nassarius reticulatufLinnaeus, 1758)
Cesrzzoi Tateidae Potamopyrgus jenkingE. A. Smith, 1889} (unaccepted)

Malacostraca
Malacostraca
Malacostraca
Malacostraca
Malacostraca
Malacostraca
Malacostraca

Malacostraca

Malacostraca

Malacostraca
Malacostraca
Malacostraca
Malacostraca
Malacostraca

Ampithoidae
Ampithoidae
Anthuridae
Aoridae
Aoridae

Bathyporeiidae

Chaetiliidae

Corophiidae

Corophiidae

Corophiidae

Crangonidae

Gammaridae
Idoteidae
Melitidae

Potamopyrgus antipodarui@d. E. Gray, 1843)
Amphithoe feroxChevreux, 1901)
Ampithoe validgSmith, 1873)
Cyathura carinataKrayer, 1847)
Aora typica(Krgyer, 1845)
Microdeutopus anomalufRathke, 1843)
Bathyporeia tenuipe@veinert, 1877)
Saduriella losada{Holthuis, 1964)
- (unaccepted)
Monocorophium acherusicuCosta, 1853)
- (unaccepted)
Monocorophium insidiosurfCrawford, 1937)
Corophium multisetosuifstock, 1952)
Crangon crangor{Linnaeus, 1758)
Gammarus sp.
Idotea chelipe¢Pallas, 1766)
Melita palmata(Montagu, 1804)
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Malacostraca Mysidae Diamysis bahirensiéSars G.O., 1877)
Malacostraca Mysidae Gastrosaccus spinifgGoés, 1864)
Malacostraca Mysidae Mesopodopsis slabbef¥an Beneden, 1861)
Malacostraca Mysidae Paramysis (Longidentia) nouvéliabat, 1953)

Deliverable D3.2 SEVENTH FRANEWORK

Malacostraca Mysidae Paramysis (Pseudoparamysis) bacegtabat, 1953)
Malacostraca Portunidae Carcinus maenaf.innaeus, 1758)
Malacostraca Sphaeromatidae Lekanesphaera sp.

Malacostraca Tanaidae Zeuxo (Zeuxo) holdici{Bamber, 1990)
Malacostraca Urothoidae Urothoe sp.

Polychaeta Ampharetidae Amage adspers@srube, 1863)
Polychaeta Ampharetidae Alkmaria romijni(Horst, 1919)
Polychaeta Ampharetidae Melinna palmatg(Grube, 1870)
Polychaeta Capitellidae Capitella sp.
Polychaeta Capitellidae Heteromastus filiformigClaparede, 1864)
Polychaeta Cirratulidae Tharyx sp.
Polychaeta Fabriciidae Manayunkia aestuarinéBourne, 1883)
Polychaeta Glyceridae Glycera tridactyla(Schmarda, 1861)
Polychaeta Hesionidae Microphthalmus sp.
Polychaeta Lumbrineridae Lumbrineris tetraurgSchmarda, 1861)
Polychaeta Nephtyidae Nephtys cirrosgEhlers, 1868)
- Nereis diversicolofMiller, 1776)- (unaccepted)
Polychaeta Nereididae Hediste diversicolofO.F. Muller, 1776)
Polychaeta Onuphidae Diopatra marocensi¢Paxton, Fadlaoui & Lechapt, 1995)
Saleina S Diopatra micrura(Pires, Paxton, Quintino & Rodrigues,
2010)
Polychaeta Onuphidae Diopatra neapolitangDelle Chiaje, 1841)
Polychaeta Opheliidae Ophelia neglectgdSchneider, 1892)
_ Scoloplos armige(Muller, 1776)- (unaccepted)
Polychaeta Orbiniidae Scoloplos (Scoloplos) armigéviiller, 1776)
Polychaeta Oweniidae Owenia fusiformigDelle Chiaje, 1844)
Polychaeta Pectinariidae Pectinaria koreniMalmgren, 1866)

Eteone foliosgQuatrefages, 1866)(unaccepted)

Polychaeta Phyllodocidae Hypereteone folios@uatrefages, 1865)
. Eteone pictgQuatrefages, 1866)(unaccepted)
Polychaeta Phyllodocidae Mysta picta(Quatrefages, 1866)
Polychaeta Phyllodocidae Eumida bahusiensi@ergstrom, 1914)
Polychaeta Phyllodocidae Eumida sanguinefOrsted, 1843)
Polychaeta Protodrilidae Protodrilus sp.
. Pomatoceros triquetgiLinnaeus, 1758) (unaccepted)
Polychaeta Serpulidae Spirobranchus triqueteflinnaeus, 1758)
. Mercierella enigmaticgFauvel, 1923} (unaccepted)

Polych |

olychaeta Serpulidae Ficopomatus enigmaticy&auvel, 1923)
Polychaeta Sigalionidae Pisione remotgSouthern, 1914)
Polychaeta Spionidae Prionospio fallax(Séderstrom, 1920)

- Polydora ligni(Webster, 1879) (unaccepted)

Polychaeta Spionidae Polydora cornutaBosc, 1802)
Polychaeta Spionidae Pygospio elegan&laparede, 1863)
Polychaeta Spionidae Spio spp.
Polychaeta Spionidae Pseudopolydora paucibranchia¢@kuda, 1937)
Polychaeta Spionidae Malacoceros sp.
Polychaeta Spionidae Spiophanes bombyglaparede, 1870)
Polychaeta Spionidae Streblospio shrubsol{iBuchanan, 1890)
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Autolytus aurantiacugClaparede, 1868)(unaccepted)

Polychaet Syllid . N
olychaeta ylidae Proceraea aurantiac¢Claparede, 1868)
. Autolytus langerhangiGidholm, 1967} (unaccepted)
Polychaet ] o .
olychaeta Syllidae Myrianida langerhans{Gidholm, 1967)
Polychaeta Terebellidae Polycirrus sp.
Polychaeta Terebellidae Lanice conchilegdPallas, 1766)

Other specimens (not identified to the speciesl)dave also been reported for Ria de Aveiro
by Rodrigueset al, (2011) namely from the Phylum Nematoda and Nemertina; Ghass
Ascidiacea, Anthozoa, Ophiuroidea and Oligochaatal the crustacean amphipods from the
Family Caprellidae, Isaeidae and Aorid@Bopatra marocensiccurs sympatrically with

Diopatra neapolitanaand withDiopatra micrurg in Ria de AveiroRireset al, 2012.

2.3 Riakey benthic habitatsin the context of Climate change:

According to recent climate change scenarios IPC(C, 2007
http://www.pnud.cl/recientes/IPCC-Report.pdfouthern Europe will tend to become dryer
despite winter torrential rain events becoming mdrequent, increasing freshwater
discharges. Consequently, erosion processes aneriahdbads into transitional areas are
expected to increase, leading to an aggravatidiglof-limiting conditions to phytoplankton
and consequently to primary production in the idet habitats. This will inevitably disturb
the trophic structure of the system, and consefuaffect the system secondary production
including fishery-stocks. Sea level rise is alspexted to cause changes inside estuaries

(intertidal areas), affecting the hydrodynamicshafse transition systems.

Salt marshes — Salt marshes, as intertidal habitats, are likelface many effects of climate
change in the next decades, which consequently afiiéct its ecosystem services.
Considering their narrow and transitional functmtween land and sea, these ecosystems are
particularly sensitive. The potential effects oesh changes on the salt marsh dynamics,
structure and communities have been increasinglgdied in the last years/decades (e.g.
Allen, 1990,1997 Simaset al, 2001 Feaginet al, 2019 Thorneet al, 2019. The retreat of
shorelines due to sea level rise, and the blockégeastal areas inland migration (e.g. due to
human-made sea walls to protect agricultural lamgisy named “coastal squeez&o(dy,
2004). This phenomenon is the result of many combir@etiofs, namely, accelerated rates of
sea level rise, coastal population increase andinit®rent activities in coastal areas
(anthropogenic climate change). Accordingly, “cablstlt marsh squeeze” (Figure 2.1) leads
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to a retreat of seaward edge of wetlands and samedtus steep gradient occurrence, which
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can block migration of tidal wetlands inland (elgrio and Chmuran pres3. As a result of

1. INTERTIDAL ZONES sea level rise, salt marshes flooding

frequency and duration may increase

High tide level

beyond the tolerance of the vegetation,
leading to soil accumulatiorFifzGeraldet

X Transition
| Mudflats Low marsh High marsh cornmunities Grassland

al., 2008; tidal currents may also be

2. RiSING SEA LEVELS CAUSE LANDWARDS MIGRATION OF THE INTERTIDAL ZONES

stronger increasing coastal erosion and,

- . consequently, the retreat of wetlands/salt
e
B iy marshes may occur. In addition, increasing

Landward displacement coastal anthropogenic  effects have

disturbed and eliminated salt marshes
3. SEA WALL PREVENTS MIGRATION AND CAUSES COASTAL SQUEEZE

(Silliman et al, 2009in Chmura,in presy

Newhightde ?‘-—-—k and anthropogenic barriers and steep
B gradients will prevent migration inland

Loss of intertidal habitats (Feagl net al ) 20 10 .

Figure 2.1 — Schematic representation of “coastplesze”

phenomena due to sea level rise (© J.A. Soares).

Salt marshes are widely recognized by their effectiarbon sink capacity. However, this
ecosystem service may be threatened by the clictzeage effectskirwann and Mudd,
2012, namely sea level ris€€fimura,in press. It has been suggested that the net impact of
climate change on carbon accumulation in intertidatlands depend on the competition
between mineral sediment deposition and organi¢emasccumulation. Thus, it was
suggested that this impact will increase carbormabuates in the first half of the twenty-first
century, but that carbon—climate feedbacks ardylike diminish over time Kirwan and
Mudd, 2013. The sustainablity of salt marshes (and mainteaant its carbon sink capacity)
will depend as well on the ability to migrate intarthus, on the “coastal squeeze” inherence
(Chmura,in pres3. Hydrological changes in the system can leadrémught which, in turn,
induces changes to porewater and sediment chenisyyersalinity or mobilization of

metals, redox changes) leading to acute marsh ckgdaMD) (Hugheset al, 2012).
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In case of increased inundation and salinity oftBdAfrica salt marshes, either a landward
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migration of salt marsh can occur, or a diebackadf marsh vegetation, an increase in water
level and sensitivity to prolonged submergences tiheducing species diversity of the system
(Tabot and Adams, 20).3

Particularly in Ria de Aveiro, sea level rise potidins show that salt marshes dynamics and
stability will be closely related to/dependent tre thydrodynamic conditions under climate
change context, namely regarding sea level risgefitim et al, 2013. Thus, nutrients,
sediment salinity and moisture, saline stress atative vegetation patterns, are some of the

parameters likely to be affected, compromising iseltshes stabilityalentimet al.,2013.

Salt marsh plants are morphological and physiokdgiclapted to its specific environmental
conditions regarding location/zonation/elevatiothi the salt marsh. Therefore, plants show
different adptations to its photosynthetic pathweaither G or C;) (Table 2.3). Increased
performance of £plants when the CLavailability is low and the temperature is warntig

to the specialized adaptation from thg &hcestor’s at the metabolic and morphologic level
(Kranz anatomy) EKhleringer et al, 1997. Thus, increasing CfQOavailability in the
atmosphere (as a consequence of climate changé) fagpur G pathway rather than 4,C
(Sousaet al, 2010. In addition, as a result of G@nd temperature increase, productivity

increase is much higher insGpecies than in gKochet al.,2013.

Table 2.3 — Adaptations of salt marsh plant spe@garding the €and G photosynthetic pathway (adapted fr@mnusaet
al. (2010) summary based on the following publications:Kakaniet al.,2008 (b) Ehlringer 1993(c) Sage and McKown
2006 (d) Ehleringeret al., 1991, 1997 (e) Nievaet al.,1999(f) Adam 1990

Photosynthetic pathway

Plant adaptations

C3 C4
Adapted to low temperatuf®sand Adapted to warm temperature
VEAIEEEINE El (G0 high ca® and low CQ conditions®®

Light - High light condition<®

Morphological and Kranz anatomy: specialized adaptation from
metabolic advantage C; ancestor§?
Low ability to acclimate to adapted/change

environment$;
At low salinity: higher photosynthetic
capacity than ¢

High ability to acclimate to low

Ability to acclimate light, temperature variation or
elevated CQ©

Other aspects - Higher potential productivity thans®lants®
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Seagrasses - Climate change is likely to have a strong impacat seagrass meadows
productivity, distribution and functiorSfort and Neckles, 199®rth et al, 200§ Jordaet

al., 2012 Koch et al, 2013 making them highly vulnerable to these effectscéht works
have predicted increases in the maximum summerdeatype and probably an increase in the
frequency of heat waves in the same perieahChezt al, 2009. In addition, by the end of
the century, global mean temperatures are expé¢atade by 1-3.5 °C\{atsonet al, 19969.
Even though the increase in seawater temperatlirenast likely affect seagrasses, its effects
are extremely difficult to preview, since the comsences of these changes greatly depend on
the coastal lagoon characteristics and on the asa@pecies characteristics (e.g. thermal
tolerance and optimum temperatures for photosyighagspiration and growth). For
instance,Zostera marina,a temperate subtidal seagrass was negatively adfelsy the
temperature increases, with its shoot densitiesedsing as a consequence of these events
(Ehlerset al, 2009. Global temperature increase might also leadotopetition of tropical
seagrass species with temperate species in termpegans Koch et al, 2013. Considering
the increase in ocean carbon dioxide and oceatfieatthn, seagrasses are likely to increase
its photosynthetic activity and growtkdch et al., 2013.

Due to climate change, the frequency of extremetlvegaevents are also predicted to
increase, leading to the increase in the occurrehfleod and drought events. Consequently,
benthic primary producers such as seagrasses begiffected by a stronger wave action and
consequent erosion, but also by a reduction irt Bghilability (eventually, light limitation) to
the subtidal seagrass meadowshéiding effe¢) due to sediment resuspension. Tladifity

of seagrass ecosystems to recover from disturbandereturn to its original state— its
resilience Elliott et al, 2007and references therein) — may be hard to achiedelapend on
the interaction of many different factors (elglebg et al, 201). In the context of climate
change and as a result of its inherent driversépres (e.g. global warming/heat waves),
seagrass meadows resilience may depend on diffexretors, namely its genotypic diversity
(Ehlers et al, 200§. Based on modelling studie§arr et al (2012) suggested that the
increase of high water temperature events mighd kamore frequent eelgrass die-offs
(anticipated/indicated by “flickering” and “slowindown” processes, as changes in the
number of leaves per shoot) due to its inhabilitydcover from this disturbance. In addition,
changes in the hydrodinamism of water masses dimdtiea, as a result of extreme weather
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events — floods and/or droughtsiligbg et al, 2011, will also have a profound effect on
macrophyte distribution and survival within coagtabsystems.

Sea-level rise, whose projection for the end ofaiifécentury is 50 cm as d&st estimate

but can range between 15 and 95 ¢hfa{sonet al, 1996 IPCC, 2007 Rahmstorf, 200);

will affect the seagrass meadows functioning asl.w&$ key factors for the seagrass
productivity, survival and distributioriL{vingstonet al, 199§ Moore and Wetzel, 200®lus

et al, 200)), the reduction of light availability and the iease in seawater temperature will
directly affect seagrass meadows functioning andsequently, affect other trophic levels in
the coastal lagoons.

Mudflats - Coastal lagoons are considered as highly progustystems and usually show
high abundances of benthic macrofauna species. fahisa plays an essential role in the
maintenance of coastal ecosystem integrity by niedisexchanges and transformations of
energy and materials, including nutrients, betw#ss water column and the sediments
(Fanjul et al, 201%, Kristensenet al, 2019. Furthermore, production by the macrobenthos
provides an important vehicle of trophic transfathim the coastal ecosystenbifz and
Rosenberg, 1995 Even though the increase in carbon dioxide andpesitively affects
photosynthesis, calcification processes will be atiggly affected by climate change and
ocean acidification, namely calcified macroalgagodh et al, 2013. Regarding
microphytobenthosyieira et al. (2013) showed that the photosynthetic capacity of these
intertidal communities increases with transientgenature increases, anticipating an increase

in its primary productivity as a result of globaarning.

3 Benthicbiological diversity and ecological quality

The data set used to qualitatively map the benttacrofauna biological diversity in Ria de
Aveiro was based mostly on the published resultfRbyirigueset al. (2011) but also by
Nuneset al. 200§ and by authors isitu observation oZostera noltiimeadows distribution.
This way, the authors pretended to map the bemibgcrofauna biological diversity taking
into account not only the natural environmentaltdes that are important to define the
structure of the infaunal assemblages, but also itlteraction of both natural and
anthropogenic factors in specific areas of RiasTnalysis and interpretation may therefore,
slightly differ from the original publications. Fdne purpose of this report the authors will
only consider the five main affinity goups (A;,B..1, B22 and C) identified byrodrigueset
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al. (2011) (for a amore detailed description of the stattimethodology please see the
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original pubication). In the refereed study the issrvmental data matrix included sediment
grain-size and organic matter content, Eh, somerdaythamics descriptors and salinity.
However, the correlation between biological datd anvironmental data was low, being the
one with the sediment grain-size descriptors palgrty low (Rodrigueset al,.2011) Authors
concluded that hydrodynamics descriptors and s$glimere the main factors reflecting the
benthic assemblage’s distribution from the moutktrgam. Table 3.1 indicates the location
of the five goups considered, the original datssediment grain-size, abundance and species
richness Rodrigueset al,. 2011 and the qualitative interpretation of the dataduor the
biological diversity mapping.

Table 3.1 — The location of the five goups considesummary of the original data on sediment gsaie; abundance and
species richnessRpdrigueset al, 201) and the qualitative interpretation of the datadusor the biological diversity
mapping.

BZ.l B2.2 C

Inner most areas

. of the various
Location Further Further Near the
o Zosterabed channels, at eacl
(original

upsteram of upsteram of lagoons sea
publication) (Gvar channel) group A group B, boundary ’end, Rl
Ilhavo and Ovar

channels
Abundance & 671 395 398
Species richness  (ind/0.05nf) (ind/0.05n7) (ind/0.05n7)
(Quantitative) ~ 17 (sp/0.05rf) = 16 (sp/0.05r) 9 (sp/0.05rf)
Species richness
& abundance Highest Higher Intermediate
(Qualitative)
Atributed color Blue Green Orange Red
High gravel and
Highest content| Intermediate Higher content | sand content; Intermediate
Sediment type in fine content in fine in fine Very low fine content in fine
sediments (59%) sediments (34%)] sediments (45% sediments sediments (34%
content (7%)

65 (ind/0.05M) 129 (ind/0.05r)
7 (sp/0.05M) 3 (sp/0.05rM)

Lower (lowest a

. Lowest
part from site C)

Nuneset al. 2008 performed a more detailed study restricted tohtlseorical contamination
Laranjo basin concluding that macrobenthic comnyustitucture changed significantly along
the mercury gradient (for a more detailed informatiregarding the Hg historical
contamination seeereiraet al, 2009. Results showed that the increase of mercury
contamination was associated with reduced totahddoce, lower species diversity and
dominance of taxa tolerant to mercuiyuQeset al., 2009 (for a amore detailed description

of the statistical methodology please see the maigpubication). For the purpose of this
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report authors will only consider the following djtetive levels for species richeness and
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abundance, i.e., higher (green) correspondingdadference site, intermediate (yellow) and
lowest (red), corresponding to the most contamdatie (in this study no significant
differences where found regarding the sediment @mitipn). Furthermore, for the purpose of
this report authors will also attribute the highgsecie richness and abundance (blue color) to
other locations in Ria witdostera noltimeadows, based on the authors personal observation
in 2012 (see also Figure 2.4). The following mag\Fe 4.1) illustrates the spacialization of

the gathered information.

Legend ‘M;aéouns
=

Highest

Higher
Intermediate
Lower

Lowest

Figure 3.1. — Aerial view of Ria de Aveiro with threpresentation of the qualitative distribution b thenthic
macrofauna biological diversity (source: map fromoGle Earth; data frorRodrigueset al., 2011, Nune®t al., 2009.
Note: the size of the represented areas are oritydication, they do not intend to represent thecearea.
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Rodrigueset al. (2011)also assessed an approximation of the ecologiaditgstatus of Ria
based on the benthic macroinvertebrates, as shawhable 3.2 (for a amore detailed

description of the statistical methodology please the original pubication).

Table 3.2 — The location of the five goups con®deand the respective ecological quality staterbaséd on the benthic

macroinvertebrateskodrigueset al.,2011)

B Bz, C

Inner most areas

. f the vari
Location Further Further Near the SEIENEISES

(original
publication)

Zosterabed channels, at eacl
upsteram of upsteram of lagoons sea

group A group B4 boundary

(Ovar channel) end, except the
flhavo and Ovar
channels

AMBI from the
hole data set
AMBI from each
assembalge dat: Good Moderate Moderate Moderate Poor

set

Moderate Moderate Poor Poor Bad

However, Rodrigueset al. (2011) concluded that none of the followed approachesfsedi
the theoretical grounds, either by over-estimating worst conditions or by potentially
under-estimate the worst conditions, if impactezharare erroneously included in the natural
gradient. Taking into account the available datd ariormation §eechapter 1.4) for the
purpose of this report authors decided not to nh@petcological quality statement based on

the benthic macroinvertebrates.

4 Fish community

The pisces class (ichthyofauna) in Ria de Aveigntan can be divided into four ecological
categories: i) marine species occasionally entetiveglagoon with the tides (e.§ardina
pilchardus Gobius nigey Symphodus bailoniSparus aurutaTrigla lucerng Callionymus
lyra, Scophtalmus rhombuammodytes tobianysi) marine species dependent on the lagoon
environment for food resources, shelter and nurgewynds (e.glisa aurata Dicenthrachus
labrax, Platichthys flesus iii) resident species, well adapted to the lagge.g. Atherina
presbyter A. boyer); iv) migratory species (e.gAnguilla Anguilla Alosa alosa, Lampetra
planeri) (AMRia/CPU, 2007.
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Table 4.1 shows in more detail the list of the miash species that can be found (or were
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found in the past) in Ria de Aveiro lagoon, basedliterature review of the following
publications:Rebelo and Pombo (200ahdPombo (2005)

Table 4.1 — Literature review of the main fish dped¢hat can be found (or were found in the pasRia de Aveiro lagoon

based on the following publicationgebelo and Pombo (200apdPombo (2005)(* The correspondent location is show in

the map in figure 1; ** Observed only in the begimnof XX century).

Occurrence

Status

Resident in
the lagoon

Marine
juveniles

Frequency

Frequent

Scarce

Absent**

Frequent

Scarce

Portuguese s Il
g Scientific name density
common name .
occurrence
Caboz-da-areia Pomatoschistus minut{®allas, 1770) Aredo
Caboz-negro Gobius niger(Linnaeus, 1758) Torreira
Caboz- o .
transparente Aphia minuta(Risso, 1810) Carregal
Marinha- . Aredo
comum Syngnathus acu&innaeus, 1875) Carregal
Carregal
Peixe-Rei-do- . o Vagos
Mediterraneo Atherina boyeriRisso, 1810) Torreira
Gafanha
Solha-das- . .
pedras Platichthys flesugLinnaeus, 1875) Aredo
Tainha-olhalvo Mugil cephalugLinnaeus, 1758) C:rrég%al
Agulhinha Syngnathus abastéRisso, 1826) é;err?g;
Bodido-vulgar Symphodus melofikinnaeus, 1758) Torreira
Vagueira
Caboz-comum Pomatoschistus microg&royer, 1838) Aredo
Carregal
Caboz-da-rochg Gobius paganelluglinnaeus, 1758)
Caboz-de- . .
Belloti Gobius ater(Belloti, 1888)
Galeota-menor Ammodytes tobiany&innaeus, 1758)
Marinha- .
focinho-grosso Syngnathus typhl@.innaeus, 1758) Carregal
Marinha Nerophis ophidior{Linnaeus, 1758)

Caboz-de-

Gobius strictugFage, 1907)

Schmidt
Caboz- . .
manchado Pomatoschistus pictu#alm, 1865)
Cavalo marinho Hippocampus hippocampykinnaeus, 1758)
Esganagata- . : : o
marinha Spinachia spinachiélLinnaeus, 1758)
Lllng'u.ado- Solea soledLinnaeus, 1758)
egitimo
Laranjo
Robalo-legitimo Dicentrarchus labraxLinnaeus, 1758) Vagos
Gafanha
. Barra
Rodovalho Scophthalmus rhombykinnaeus,1758) Torreira
Ruivo Chelidonichthys lucernéLinnaeus, 1758)

Diplodus sargugLinnaeus, 1758
Spondyliosoma cantharkinnaeus, 1758)
Trisopterus luscuflinnaeus, 1758)

Torreira

Gafanha
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Occurrence
Status

Portuguese
common name

Frequency Scientific name

branco
Peixe-rei Atherina presbyte(Cuvier, 1829)

Robalo-baila
Sargo-alcorraz

Dicentrarchus punctatu@Bloch, 1792)
Diplodus annularigLinnaeus, 1758)
Diplodus vulgariSE. Geoffrey Saint-Hilaire,
1817)

Pleuronectes platesgainnaeus, 1758)

Sargo-safia

Solha-legitima
Goraz ou
besugo

Pagellus bogarave{Brunnich, 1768)

Absent**

I —
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Higher
density
occurrence*

Gafanha
Barra
Torreira

Juliana ou
paloco
Biqueirdo
Laibeque-de-
cinco-barbilhos

Sardinha

Pollachius pollachiugLinnaeus, 1758)
Engraulis encrasicholuf_innaeus, 1758)

Ciliata mustela(Linnaeus, 1758)

Frequent Sardina pilchardugWaulbaum, 1792)

Migratory

(seasonal) Tainha-garrento Liza aurata(Risso, 1810)

Agulha Belone belonéLinnaeus, 1761)

Aredo

Barra
Torreira
Torreira

Vagos
Aredo

Scarce

Bodido-cinzento
Bodido-fusco
Bodido-
reticulado
Boga
Caboz
Caboz-de-
quatro-manchas
Cangulo-
cinzento
Carapau
Congro
Xareu-azul
Galeota-maior
Garo
Linguado-da-
areia
Marachomba-
babosa
Pregado

Symphodus cinereBonnaterre, 1788)
Labrus merulgLinnaeus, 1758)

Labrus bergylta(Ascanius, 1767)

Boops boop¢$Linnaeus, 1758)
Pomatoschistus marmorat(Risso, 1810)
Deltentosteus quadrimaculat{galenciennes,
1837)

Balistes carolinensigGmelin, 1789)

Trachurus trachuruglLinnaeus, 1758)
Conger conge(Linnaeus, 1758)
Caranx crysogMitchill, 1815)
Hyperoplus lanceolatu@.e Sauvage, 1824)
Scomber scombryginnaeus, 1758)

Scarce

Pegusa lascari¢Risso, 1810)

Parablennius sanguinolentBallas, 1814)
Scophthalmus maximykinnaeus, 1758)
Oedalechilus labe¢Cuvier, 1829)
Pagellus acarngRisso, 1827)

Tainha-sabéao

Absent Besugo

Tainha-lica Chelon labrosugRisso, 1826)
Adventitious Bodiéo-de- . .
B — bailloni Symphodus baillor(Valenciennes, 1839) Torreira
Dourada Sparus auratgLinnaeus, 1758) Carregal
Marachomba- . L
Frequent babosa Parablennius gattoruginé_innaeus, 1758)
Peixe-aranha Echiichthys vipergCuvier, 1829) S&o Jacinto
Peixe-pau-lira Callionymus lyra(Linnaeus, 1758) S&o Jacinto
Salmonete- .
leqitimo Mullus surmuletugLinnaeus, 1758) Barra

Carregal

Barra

Carregal,
Aredo
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Higher
density

occurrence*

Caneja ou
caneja-lisa

Mustellus mustellufLinnaeus, 1858)

Escorpido-roco

Taurulus bubaligEuphrasen, 1786)

Galeota-da-areig
ou ligueirdo

Gymnammodytes cicerel(Rafinesque, 1810)

Laibeque-de-
trés-barbilhos

Gaidropsarus vulgarigCloquet, 1824)

Laibeque-do-
Mediterraneo

Gaidropsarus mediterraneykinnaeus, 1858)

Marachomba-
frade

Lipophrys pholigLinnaeus, 1858)

Peixe-balao

Lagocephalus lagocephalfkinnaeus, 1858)

Pica-del-rei

Coris julis (Linnaeus, 1858)

Raia-pintada

Raja asteriagDelaroche, 1809)

Roncadeira-
preta

Sciaena umbrglLinnaeus, 1858)

Salema

Sarpa salpgLinnaeus, 1858)

Tremelga-

marmoreada
Esganagata
SEVEE
Lampreia-do-
mar

Frequent

Migratory e

anadromous

=edlice Tainha-de-salto

Tainha-fataca
Migratory
Frequent Pimpao

Achiga

Freshwater Barbo

Absent**

Ruivaca
Serpentina

Peixe-encarnadc

Torpedo marmoratéRisso, 1810)

Gasterosteus aculeat(innaeus, 1758)
Alosa fallax(Lacepéde, 1803)

Petromyzon marinu@.innaeus, 1758)

Alosa alosaLinnaeus, 1758)

Liza saliengRisso, 1810)

Liza ramada(Risso, 1826)

cata dromous Anguilla anguilla(Linnaeus, 1758)

Carassius carassiud.innaeus, 1758)

Micropterus salmoidef_acépede, 1802)
Barbus bocage{Steindachner, 1865)
Carassius auratugLinnaeus, 1758)

Rutilus macrolepidotuéSteindachner, 1866)
Cobitis taenia(Linnaeus, 1758)

Rio Novo de

Principe
Carregal
Areédo
Vagueira
Torreira
Carregal
Areédo
Areédo
Carregal
Areédo

Gambusia affini¢Baird & Girad, 1853) | |
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| Ria de Aveiro contour

L 15 L]
o —

Carregal EI tafanhas Vagos Areao
D Torreira | | Largodo Laranjo Barra
Iﬂ 5aoJacinto Rio Nova do Principe Vagueira

Figure 4.1. — The location of the of the main figtecies that can be found (or were found in thg paRia de Aveiro
lagoon.

5 Fisheries

Fishing, shellfish collecting and bait digging hawaditionally been important sources of
income in the Ria de Aveiro region, and continueewadays. Many families and individual
fishermen depend exclusively on fishing, but ineptbases this is a complementary source of
income. Despite the several facilities that exmsbtighout the area of Ria de Aveiro for fish
landing (known as “lotas”, in Portuguese) a veryparant part of the fish captured in these

waters is not sold for the first time in any of $befacilities, escaping taxation and reporting
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(Carneiroet al, 2009. Since keeping reliable records of these trammasiand catch amounts
is not possible, the economic, social and ecolbégivaluation of these fisheries value is
difficult to make. Available studies on the ecolm]i social and economic importance of
fisheries in the Ria de AveiroE(ropean Commission 20lLthave not been able to
disaggregate fisheries in terms of fishing vesga t fishing grounds, types of gear or species
group, and the real importance of fisheries, siséllharvesting and bait digging in the lagoon

remains unknown.

There are about 30 documented gears (from 188®@0)2and even though only less than
half are contemplated in the fishing regulation®ia de Aveiro (Portaria n°563/90 de 19 de
Julho), the great majority are still being used adays Carneiroet al, 200). These gears

are essentially divided in the following generateggries: digging, wounding gears, hooks

and lines, traps, trawl nets and gillnets.

Polychaetes and bivalves are the main targetsedidinvesting and digging activities, for their
relative abundance along the shallow subtidal amdrtidal flats of the lagoon, ease of
capture, and growing commercial valueAGOONS, 201). These catches have two main
final purposes: bait (e.g. solitary tube wormidpatra neapolitang ragworm Hediste
diversicolor- Nereis (Hediste) diversicoldd.F. Miiller, 1776 accepted bediste diversicolofO.F. Miiller,
1776) and catworm Nephthys homberg)i and human consumption (e.g. common cockle
(Cerastoderma eduleCardium eduleLinnaeus, 1758 accepted @srastoderma edulé.innaeus, 1759)
european razor clang¢len marginatysand flat furrow clam$crobicularia plang (Cunha

et al, 2009. The estimations made lyunhaet al. (2005) show that bait harvesting in the
Mira channel is very intense, with approximately tdhs of Diopatra neapolitana (solitary
tube worm) caught in one year, corresponding tosh $ale value of more than 325 000 €
(values estimated from catches between May 2001A@nid 2002); more recently;reitaset

al. (2011)showed that, five years later, the annual catcé almut that value, with the first-
sale value reaching 224 000 €.

Fishing activities using wounding gears, hooks lamek, traps, trawl nets and gillnets aim for
other species, such as mackerel, bream, sea bdsst, tsole, mullet, salmon, eel, sardines,
sea bream and plaice, recorded as the most conaiezdi fish speciesebelo and Pombo,
2007). In 2000, there were 586 vessels licensed ang l@sls than half made at least 1
registered landing (47.4%) érneiroet al, 2002).
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The species composition of the Ria de Aveiro’s tsimmunity changed between 1912 and
the 80s Rebelo and Macaringue, 201 Many of the species recorded in the begininghef
last century were disappearing (from the familiesamodytidae, Blennidae, Cyprinidae,
Gadidae, Gasterosteidae, Gobiidae, Labridae, Rgji@aiaenida, Sparidae, Syngnathidae,
Torpedinidae e Triakidae) and niches were left openother species (from families
Atherinidae, Mugilidae, Moronidae e SparidaBgbelo, 1992Rebelo and Pombo, 2001n
terms of numbers, these changes began with 57eeglsspecies in 1912, a number that was
only slightly oscillating until 1998, when the nuertof species decreased from 55 (registered
in 1988) to 43 (registered in 1998); in 2000, stsddhowed that there were only 38 species in
the Ria de Aveiro, a number that hasn't greatlyngea, even though it has oscillated until
these days. Throughout this time, there were 9&tergd fish species in totaRé¢belo and
Macaringue, 2011

Regardless the small amount of information avadlaout fishing catches, it is known that
the main source of income for the local fishermenl@valves (cockle as the first one, then

cross-cut carpet shell and then mussels), cuttleinsl shore crabSarneiroet al, 2002).

6 Open questions
The following summarizes some open questions aggarding the changes that Ria key

benthic habitats are facing:
- Presence of invasive/alien species

The presence of invasive/alien species may inenfgth the equilibrium, functioning and
inter-relations of native species and its own labitNamely, the invasive macroinvertebrate
species may affect the trophic web functionindheithrough changes in the grazer species or
new competition processes, which lastly affectsféleeling cascade and all trophic chain/web.
Accordingly, the macrophyt&. versicoloy considered an invasive species by ICNF, was
recently recorded in the Ria high marshes. This leag to adjustment/changes in the species
competition among native and invasive salt marsatglwhich, consequently, may affect the
species dominance, not only in the high marshirbtite low and mid marshes as well.

- Loss of seagrass meadows ecosystem services

Considering the remarkable decline of seagrass oneauh the last decades and the important

ecosystem services they provide, it becomes relet@mrperform the mapping of these
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meadows in Ria. Then, the analysis of the seagtaskne extent at temporal and spatial
scales, as well as its impacts on the ecosystemcssrprovided, will provide a better
knowledge of this important habitat of Ria de Awedgoon.

- Resilience to climate change

Considering the potential climate change consemsnsuch as sea level rise and water
temperature increase, Ria main habitats (salt reaygeagrass meadows and mudflats) might
face in the future some threats and changes. Tdisappearence of some species and
replacement of others due to competition (e.g.maltsh macrophytes) may occur, which will

therefore affect all the ecosystem dynamics.
- The future of fisheries (fish, macroinvertebratel megainvertebrate fauna) in Ria

There is a strong dependence of professional, pesféssional and recreational fishing

activities in Ria, which seems to be destabilizad tb the foreseen overfishing and climatic
scenarios for the area. However, there is a céekr of systematic research on fishing activity
inside the lagoon, the system carrying capacity amolit the socio-economic importance of
the activity in the lagoon. Therefore, the economiportance of these fishing practices is yet
highly ignored and the contribution to the locabeamy remains obscure. The environmental
effects of potential overfishing can hardly be fied since reliable catch data do not exist and
trends cannot be ascertained. Policies to be apfiirestock management and protection of
socio-economic benefits from fishing, shellfishleoting and bait digging activities cannot be

determined. Finally, the impacts of the anticipatdichate change scenarios are of limited
value in the current situation, since there islastract estimation of the current environmental

and economic fishery conditions inside lagoon.
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