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Diadromous Fish in Portugal: Status, Threats and Management
Guidelines
P.R. Almeida™2*, B. R. Quintella'3, C. S. Mateus', C. M. Alexandre' & S. Pedro’

Abstract

Diadromous fish evolved in a way to use two completely different envi-
ronments during their life-cycle (i.e. river and sea), being divided in
anadromous (e.g. sea lamprey, shads) and catadromous (e.g. eel, thin-
lipped grey mullet) species, if their reproduction occurs, respectively, in
freshwater or marine environments. In Portugal, the high commercial
value associated with these species makes them primary targets for tra-
ditional fisheries, which need proper management to avoid overfishing
and guarantee the long-term survival of their populations. Loss of river
connectivity, caused by the construction of dams and other hydraulic in-
frastructures, also contributes to the decrease in population numbers of
diadromous species, a scenario that is often exacerbated by the associated
river flow regulation, water scarcity and the climatic changes occurring
at a global level but with special intensity in the Iberian Peninsula. The
high complexity and territorial scope of these threats demand the devel-
opment of suitable and integrated measures for the conservation and
management of diadromous fish. The scientific component can act as a
link between all the stakeholders involved in these processes, namely the
local and central administration managing rivers basins and fisheries,
commercial fishermen, private promotors and general public. The work
being developed in the Mondego river basin for the past 20 years, and
which recently begun to be replicated in the Vouga river basin, represents
a valuable and decisive contribution to the recovery of diadromous fish
populations in Portugal. Habitat rehabilitation and management of com-
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mercial fisheries can act in synergy, allowing a sustainable exploitation of
these valuable resources.

Keywords: Diadromous fish; habitat rehabilitation; fisheries management

Resumo

Os peixes diddromos evoluiram no sentido de utilizarem dois meios com-
pletamente distintos durante o seu ciclo de vida (i.e., o rio e 0 mar), sub-
dividindo-se em anddromos (e.g. lampreia-marinha, savel) e catddromos
(e.g. enguia, muge), consoante a sua reproducdo se realiza em dgua doce
ou em ambiente marinho, respetivamente. Em Portugal, o elevado valor
comercial que estas espécies atingem faz com que sejam o principal alvo
de pescarias artesanais, estando documentados fenémenos de sobrepesca,
a par de uma intensa atividade furtiva. A implementa¢ao de medidas
apropriadas de gestao da pesca é por isso fundamental para garantir a so-
brevivéncia destas populagdes a longo prazo. A perda da continuidade
longitudinal nos rios, com a constru¢do de barragens e outras obras
hidraulicas transversais, contribuiu igualmente para o declinio dos efe-
tivos populacionais das espécies diddromas, situagdo agravada pela reg-
ularizacdo de caudais e pela escassez de dgua associada as alteragdes
climaticas que se fazem sentir a nivel global, mas com particular intensi-
dade na Peninsula Ibérica. A complexidade e abrangéncia territorial
destas ameagas exige a implementacido de medidas integradas de gestdo
e conservagdo. A componente cientifica pode servir como elo de ligagdo
entre todos os agentes intervenientes no processo, designadamente, a ad-
ministragdo local e central responsavel pela gestao das bacias hidrografi-
cas e da pesca, os pescadores profissionais, os promotores privados e o
publico em geral. O trabalho que tem vindo a ser desenvolvido ao longo
dos ultimos 20 anos na bacia hidrografica do rio Mondego, e que recen-
temente comegou a ser replicado na bacia do Vouga, no que respeita ao
restauro do habitat e 0 acompanhamento da pesca comercial realizada
numa légica de tornar esta exploragao sustentavel, serdo um contributo
determinante para a recuperagdo das populagdes de peixes diddromos
em Portugal.

Palavras-chave: Peixes diddromo; reabilitagio do habitat; gestdo das
pescas
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1. Introduction

Diadromy (from the Greek “dia”, through, and “dromos”, run-
ning) refers to the need of certain fish species to use both marine and
freshwater environments to complete their life cycle, thus having sep-
arate feeding and reproduction areas in saline and freshwater, and mi- 191
grating between them. Diadromous species are divided into
anadromous (Greek: “ana”, up) and catadromous (Greek: “kata”,
down), depending on whether the reproduction occurs in rivers or
the sea, respectively. Anadromous species occurring in Portugal in-
clude the sea lamprey, Petromyzon marinus L., the European river
lamprey, Lampetra fluviatilis L., the allis shad, Alosa alosa L., the twaite
shad, Alosa fallax (Lacépeéde 1803), the sea trout, Salmo trutta L., and
the Atlantic salmon Salmo salar L. The Atlantic sturgeon, Acipenser
sturio L., is another anadromous species which once occurred in Por-
tuguese waters, but is now classified as Regionally Extinct, with the
last specimens being caught in the early 1980’s, in the Guadiana river
(Cabral et al., 2005). Catadromous species include the European eel,
Anguilla anguilla L., the thin-lipped grey mullet, Liza ramada (Risso,
1827) and the European flounder, Platichthys flesus L.

2. Species life cycle, distribution and conservation status

Sea lamprey

The anadromous sea lamprey (P. marinus) is a semelparous
species (a single reproductive episode before death) with a life cycle
divided in two distinct phases: a freshwater larval phase and a post-
metamorphic marine phase. After 3-7 years burrowed in fine sedi-
ment deposits of rivers and streams in freshwater (Beamish & Potter
1975; Quintella et al., 2003; Dawson et al., 2015; Silva et al., 2016), the
ammocoetes (larvae) undergo a metamorphosis that prepares them
for life in the marine environment (Youson, 1980). This stage ends
with downstream migration and the onset of feeding. In Portuguese
rivers, the metamorphosis and downstream migration of P. marinus
extend from late summer (August/September) to mid-winter (Jan-
uary/February) (Quintella et al., 2003). The parasitic phase lasts ap-
proximately 13 months to two years (Renaud, 2011; Silva et al., 2013),
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before the spawning migration to continental waters begins - in the
Iberian Peninsula, this happens in December and peaks between
February and March (Almeida & Quintella, 2013; Aragjo et al., 2016),
with spawning occurring between April and June (Almeida et al.,
2000; Silva, 2014).

Sea lamprey is a native species, occurring in the main Portuguese
river basins (Table 1). It is considered a delicacy and can reach con-
siderable prices in Portugal, having a high commercial importance in
several river basins (Stratoudakis et al., 2016). Conservation status
along the distribution area diverge, with the species being considered
a pest in North America (landlocked populations) and listed as Vul-
nerable (VU) in Portuguese river basins (Table 1). Insufficient back-
ground knowledge and conservation concerns in Western European
countries, particularly in Portugal, led to an increasing number of
studies and monitoring efforts emerging in the last two decades (e.g.
Almeida et al., 2000; 2002; 2008; Quintella et al., 2003; 2006; 2007;
Andrade et al., 2007; Mateus et al., 2012; Pedro et al., 2014).

European river lamprey

The European river lamprey (L. fluviatilis) is a semelparous
species with a larval freshwater phase and an adult marine/estuarine
(feeding) phase. The ammocoetes live buried in fine sediment deposits
of rivers and streams for 4-5 years (Hardisty & Potter 1971), followed
by a metamorphosis that precedes the downstream trophic migration
and the onset of feeding. The trophic (downstream) migration occurs
in the autumn, and the marine phase may last 14 to 22 months. The
spawning migration to continental waters takes place between January
and April, with reproduction occurring between March and May.

The European river lamprey is not commercially exploited in Por-
tugal, unlike in some other countries within its occurrence range. The
species historic distribution was described for the rivers Minho, Mon-
dego and Tagus (Baldaque da Silva, 1891), but presently the species
is only found in the latter, more specifically in the tributary Sorraia
river (Mateus et al., 2012; 2016), leading to serious conservation con-
cerns (Table 1).
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Table 1. List of the diadromous fish species occurring in Portuguese river basins: scientific
and common names, national distribution and conservation status
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1 Cabral et al., 2005; *In the Douro there are occasional records, but the population is not viable due to the several
dams that exist in this basin (Cabral et al. 2005).

Shads

The allis shad (A. alosa) is a semelparous species that spawns in the
spring, in shallow waters over gravel substrate (Bagliniere et al., 2003).
Downstream migration to the estuaries occurs in the autumn and the
juveniles enter oceanic waters before completing their first year of life.

The twaite shad (A. fallax), on the other hand, is a predominantly
iteroparous species (reproduction occurs several times in life). Spawn-
ing takes place between the spring and the beginning of summer, with
juveniles migrating towards the sea in the autumn.

Both species occur in several Portuguese river basins (Table 1) and
are considered extinct in the Douro and Ave rivers - despite the occa-
sional observations in the Douro river basin, the populations are not
considered viable due to the cascade of dams along the river main stem
(Cabral et al., 2005). Some landlocked populations of allis shad occur in
the Portuguese territory, namely in the Alqueva (Guadiana river),
Castelo de Bode (Zézere river) and Aguieira (Mondego river) reservoirs.

The allis shad population associated to the Minho river basin,
with important commercial and heritage values (Mota & Antunes,
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2011), was one of the largest in the southern part of the species’ dis-
tribution, after the collapse of this species in France (ICES, 2015).
Presently the populations from central Portugal (i.e. rivers Vouga and
Mondego) have been increasing their numbers, representing the most
important stock harvest in Portugal. The twaite shad is also subject to
fishing mortality, but usually not as a target species (Mota et al., 2011).
Exception to this is the Guadiana river basin fishery, where twaite
shad is captured instead of allis shad due to restrictions and the small
population size of the latter.

Shads are generally caught when they migrate from their marine
feeding areas to the upstream freshwater spawning grounds, but there
are also captures recorded at sea or along the coast throughout the
year (Stratoudakis et al., 2016). These catches have recently become
more expressive, with coastal landings of allis shad reaching an aver-
age of 30 tons per year in the last 20 years (10-70 tons) (ICES, 2015).

At the European level, the conservation status of both species in
the Atlantic region and for the 2007-2012 period, is ‘unfavourable-bad’
with declining (A. alosa) and deteriorating (A. fallax) populations.

Sea trout

The sea trout is the anadromous form of the brown trout (S.
trutta), and usually both forms co-exist as part of the same breeding
population. Spawning migration takes place between May and July,
although some migrating adults are also caught in the autumn. Re-
production occurs between December and February in rivers and
smaller streams, often in the upper reaches or in smaller tributaries,
in cold and well oxygenated waters. Juveniles (parr) can stay in river
stretches for 2 to 5 years, migrating to the sea (smolts) afterwards,
where they stay for 1 to 4 years. Reproduction takes place several
times during their lifespan.

The sea trout is a native species in Portugal, with an occurrence
limited to the northern and central regions of the country (Table 1).
The population from Minho river is considered the largest one in Por-
tuguese territory (Cabral et al., 2005), but quantitative data is still lack-
ing to properly evaluate the population size. The sea trout is targeted
by both commercial and recreational fisheries, with catching periods
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and size limits regulated for the river basins where the species occurs.
Data from professional and recreational fishermen operating in rivers
Minho and Lima indicate that the number of sea trout adults in these
two river basins is extremely low (i.e. reduction may have affected
98% of sea trout adults in the past 10-15 years) and that population
effectives of the anadromous trout seem to be in a marked decline in
most of its occurrence area (Cabral et al., 2005).

Atlantic salmon

The Atlantic salmon (S. salar) is a native anadromous species with
historically low abundance in Portuguese waters. Currently, the
species occurs regularly only in the Minho river and less frequently
in the Lima river (Table 1) (Cabral et al., 2005). Historical distribution
included the rivers Cavado and Douro (Baldaque da Silva, 1891).
Spawning migration occurs in summer and early autumn, and spawn-
ing takes place in the autumn and winter in the upper stretches of
rivers, in unpolluted, cold and well-oxygenated waters with moderate
speed currents. Salmons remain in fresh water for 1 to 8 years, before
migrating to the sea, where they stay for 1 to 5 years. Commercial and
recreational fishing for Atlantic salmon is forbidden in river Lima but
allowed, and properly regulated, in river Minho from March to June.

European eel

The European eel (A. anguilla) is a semelparous catadromous
species that spawns in the Sargasso Sea. The larvae drift with the
oceanic currents to the continental shelf, where they metamorphose
into glass eels and enter continental waters (McCleave et al., 1987;
Tesch & Wegner, 1990). The growth stage (yellow eels) may take place
in marine, brackish (transitional) or fresh waters, and lasts from 4 to
over 20 years, after which they metamorphose again into silver eels,
the maturing phase. As silver eels, they begin their migration back to
the Sargasso Sea.

The European eel occurs in all Portuguese river basins from
Minho to Guadiana (Table 1), and in coastal waters of the Azores and
Madeira archipelagos. Commercial fishing operates from glass eel stage
up to silver eels. In Portugal, glass eel catches are regulated and only
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allowed in the international stretch of the Minho river for a reduced
time span in late winter, but forbidden elsewhere. Nonetheless, illegal
fisheries occur frequently, as this is a highly valuable delicacy in several
countries (in 2015, glass eel catches were sold up to 400€ per kilogram,
the same year where one of the greatest seizures took place - ca. 300
kg of glass eels). Currently, under the EC Council Regulation
1100/2007 (European Eel Management Plan), both commercial and
recreational fishing of adult eels are forbidden in the Minho river and
arestriction to 3 kg/day/fisherman of glass eel was imposed during the
operational period. A marked decrease in silver eel populations (up to
75 %) over several decades led to the classification of this species as
Endangered (EN), according to the last assessment of the Portuguese
Red List of Threatened Vertebrates (Cabral et al., 2005).

Thin-lipped grey mullet

The thin-lipped grey mullet (L. ramada) is a native, catadromous
species. The spawning period takes place in coastal areas from late
autumn to early winter. Recently, a fish pass installed at the Agude-
Ponte dam in the Mondego river registered a peak in downstream mi-
grating adults during August and September (more than 350 000 in
2013 and more than 450 000 in 2014) (Almeida et al., 2016a). Up-
stream migration occurs in the spring (Almeida et al., 1995), although
recent observations have showed that this may continue during sum-
mer. Annually, the monitoring of the fish pass at the Agude-Ponte
dam registers more than one million thin-lipped grey mullets migrat-
ing upstream. The success of this species is likely related to its remark-
able euryhalinity and the highly plastic, opportunistic trophic
behavior (Almeida et al., 1993; Almeida, 2003, Cardona, 2015). The
maximum length reported is approximately 70 cm, and longevity ca.
10 years.

This species occurs in all the main Portuguese estuarine systems,
from the Minho to the Guadiana river basins (Franca et al., 2011)
(Table 1). Despite its importance in commercial fisheries in other re-
gions (e.g. Mediterranean Sea), the thin-lipped grey mullet is not com-
mercially exploited in Portugal, apart from minor, local fisheries in
some estuaries (e.g. the Tagus estuary).
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European flounder

The European flounder (P. flesus) is a catadromous fish that
spawns during winter and early spring in marine waters. The post-
larvae drift with the currents and have the capacity to detect brackish
water signals coming from coastal areas, which triggers the onset of
the metamorphose (rearrangement of the internal organs and migra-
tion of the left eye to the right side of the body, thus losing bilateral
symmetry). The juveniles use estuaries, coastal lagoons and lower
freshwater stretches of rivers as nursery areas where they remain for
2 to 3 years, before migrating to the sea to spawn.

This species is found primarily in coastal and estuarine waters,
throughout the entire Portuguese coast (Table 1), but can be found in
fresh water stretches in some river basins. It is, nonetheless, more
abundant in the river basins north of Tagus river (Cabral et al., 2005),
and estuaries like Ria de Aveiro, Mondego, Douro, Lima and Minho
were identified as important nursery areas for this species (Cabral et
al., 2007; Vasconcelos et al., 2008; Freitas et al., 2009; Ramos et al.,
2010). The European flounder is targeted by commercial fishing, with
greater importance in local artisanal fisheries. Recent captures of P
flesus in the northern Portuguese estuaries have shown a slight in-
creasing trend (Teixeira & Cabral, 2009), but, notwithstanding, a de-
crease in the commercial landings in the Minho river led to the
suspension or restrictions to specific fishing gear.

3. Main Threats

One of the main life cycle requirements of diadromous species is
to move between freshwater and marine habitats. The construction
of barriers that prevent migration represents the main threat for these
species, as it blocks migration routes essential for the completion of
their life cycle. The presence of anthropogenic barriers to fish passage
can result in partial or complete loss of the upstream habitat, both for
spawning/nursery (i.e. anadromous species) or growth (i.e. catadro-
mous) areas. In Portugal, during the second half of the 20th century,
upstream migration became blocked at the lower stretches of all major
rivers with the building of the first large dams in the main stem. Ma-
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teus et al. (2012) concluded that before the building of unsurmount-
able dams, lampreys were present at the headwaters and tributaries of
all the major Iberian river basins. About 80% of the habitat that was
estimated to be available in Iberian river basins for sea lamprey is now
inaccessible due to the construction of these infrastructures (Mateus
et al., 2012; Figure 1). Habitat loss is also related to river flow regu-
larization, discharge reduction, gravel extraction and pollution (water
contamination can also create a barrier to migrations). Most of the

Padrogdo Dam

o0 ot S u, { Awailable Habitat

Inacoassibhe Habitat

Figure 1. Distribution range of diadromous fish species in the main Portuguese river basins
and location of the respective first unsurmountable barriers. * Distribution limits presented
in this map apply to all occurrent diadromous species except for European eel, whose pre-
sence, although in lower abundance, has been detected upstream of some of the described
barriers. Except for Raiva and Grela dams (Author: Carlos M. Alexandre) presented photos
were obtained from public WEB sources.
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times, all these factors are acting in synergy on the same river, being
related and/or magnified by the others. Dams and weirs usually lead
to artificial flow regimes in the downstream stretches, with strong al-
teration of water levels and river flow. Low discharges can reduce at-
traction flow cues to which upstream-migrating fish usually respond.
River engineering and channel cleaning/maintenance that alter the
channel cross section, thereby impacting on sediment accumulation,
will have effect on the type of habitats found along the river contin-
uum, usually reducing the diversity and quality of habitats, and de-
stroying spawning, nursery, feeding and refuge areas. In fact, besides
maintaining access to spawning and feeding grounds, other habitat
features need to be maintained, as for example deep pools where adult
shads can congregate prior to spawning, or the appropriate sandy sub-
strate for larval lampreys (Maitland et al., 2015).

Other threat to diadromous fish, which can also relate to habitat
loss, is overfishing of commercially targeted species. In Portugal this
is the case of the sea lamprey and the allis shad. The high economic
value of these two species in Portugal makes them a preferred target
of both commercial fishermen and poachers, creating a major threat
to the sustainability and conservation of their Portuguese populations
(Almeida et al., 2002; Andrade et al., 2007; Mateus et al., 2012; ICES,
2015; Stratoudakis et al., 2016).

Climate changes will increase the vulnerability of aquatic ecosys-
tems to the threats mentioned above, being particularly stressful in
rivers located in regions highly influenced by the Mediterranean cli-
mate. The reduced water availability, due to rising air temperature and
reduced annual precipitation, will contribute to extreme hydrological
changes, namely more frequent occurrence of extreme events like
drought or floods (Filipe et al. 2013). But these climatic events go be-
yond the increased prevalence of floods and droughts and their direct
effects. They can change the composition and structure of fish com-
munities, as they lead to increases in water temperature, reduction of
water availability and, consequently, habitat loss. Besides a direct re-
duction of the species’ distribution area, climate changes (especially
the high variation in water temperature) can affect ecological pro-
cesses, including physiological tolerances and ecosystem dynamics,
such as the timing of migration, reproduction, and other behaviors.
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4. Conservation and Management of Diadromous Species

in Portugal: the Mondego case study

In the last decades, there have been great advances in the knowl-
edge and awareness of the threats and ecological requirements of di-
adromous fish species, like lampreys, shads and eels. Throughout the
distribution range of these species, several important sites for their
conservation have been identified and several habitat recovery and
population management actions were conducted, including a growing
effort to involve and inform the general public and major stakeholders
on necessary conservation actions within a perspective of compatibi-
lization of the multiple uses associated with these natural resources
(Mateus et al., 2015).

In Portugal, of the nine diadromous species whose occurrence is
confirmed, three are classified as Critically Endangered (river lamprey,
Atlantic salmon and sea trout), two as Endangered (allis shad and Eu-
ropean eel) and two as Vulnerable (twaite shad and sea lamprey)
(Cabral et al., 2005). Adding to this high risk of regional extinction,
some of the described species are also considered very important from
cultural and socioeconomic standpoints, supporting a variety of ac-
tivities related with the use and exploitation of goods and services
provided by aquatic ecosystems (Stratoudakis et al., 2016), such as
commercial (i.e. sea lamprey, allis shad and European eel) and recre-
ational (i.e. Atlantic salmon and sea trout) fisheries, and strongly con-
tributing to the overall economic income and cultural activities of
local populations. Consequently, in past years these diadromous
species have been targeted by several conservation and management
programs, most of them focused on the development of habitat reha-
bilitation actions and the implementation of fishing regulations that
guarantee the sustainable exploitation sustainability of these fisheries.

4.1. Habitat recovery actions

A successful case study of conservation and management pro-
gram directed to diadromous fishes started 20 years ago in the Mon-
dego river basin. The Mondego river represents an important
stronghold for diadromous species, most of them with a notorious
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conservation status and a high socioeconomic value. More specifically,
sea lamprey and allis shad are particularly interesting and valuable as
gastronomic delicacies in this region, promoting the development of
an important commercial fishery (Stratoudakis et al., 2016). However,
since the beginning of the 19807, this river has become highly im- | 201
pounded after the construction of two large hydroelectric power
dams, the Aguieira and Raiva dams (located 86 and 80 km upstream
the river mouth, respectively), and of several smaller weirs throughout
its main stem (APA, 2016). The A¢ude-Ponte dam built at Coimbra,
45 km upstream from the river mouth, for irrigation and industrial
water uses, was until recently considered the first unsurmountable
obstacle for diadromous fish species occurring in this river basin, con-
tributing to a significant reduction of the available habitat for these
species, together with the consequent ecological and socioeconomic
losses (Almeida et al., 2000).

The downward scenario faced by diadromous fish species within
the Mondego river basin changed in 2011, with the development of
several mitigation actions specifically focused on habitat rehabilitation
for these species (Mateus et al. 2015; Almeida et al., 2016a; Almeida
et al., 2016b). Habitat recovery for these species began with the con-
struction of a vertical-slot fish pass at the Acude-Ponte dam in Coim-
bra (Figure 2), an infrastructure managed by the Portuguese
Environment Agency (APA), whose efficiency and effectiveness for
the target migratory species is being evaluated since then through a
set of distinct but complementary methodologies, namely visual
counts, bio-telemetry, electrofishing surveys and enquiries to local
commercial fishermen (Almeida et al., 2016a). Results obtained from
this extensive monitoring program revealed that this fish pass was not
only suitable for the successful passage of the target species for which
it was designed (i.e. particularly sea lamprey and shads), but was also
contributing, in a matter of just a couple of years, to significantly in-
crease the abundance of some of the most important diadromous
species in this region, such as sea lamprey, especially in the upstream
river stretches where it was almost absent (Pereira et al., 2017).

Visual counts reveal that, annually, ca.1.5 million fish successfully
use the fish pass during their upstream and downstream migrations
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Mondego river basin: a) vertical-slot fish bass built at the A¢ude-Ponte dam; b) example of

a nature-like fish pass built in one of the smaller weirs (Penacova fishing track) located in
the Mondego main stem. Photos by Pedro R. Almeida (a) and Carlos M. Alexandre (b).

(i.e. reproductive or trophic), including several diadromous fishes
such as sea lamprey;, allis and twaite shads, and thin-lipped grey mul-
let. Due to their local importance for commercial fisheries, sea lam-
prey and shads are being monitored in more detail, and results
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obtained so far indicate that, between 2011 and 2017, a total of nearly
50 000 lampreys and 27 000 shads successfully used this fish pass to
reach upstream spawning areas in the Mondego river. Studies for
monitoring the fish pass efficiency also include the use of a PIT-tag
antenna system installed at the infrastructure, and the use of conven-
tional and physiological sensor transmitters (i.e. muscle activity mea-
surement), to analyze high definition data concerning sea lamprey
behavior and muscular effort before, during and after fish pass nego-
tiation. The set of applied bio-telemetry methods reveal that, of the
sea lampreys that reach the Aqude-Ponte dam during their spawning
migration, ca. 30% successfully use the fish pass to reach upstream
areas and do it without a significant muscular effort that could impair
their migratory and reproductive success (Pereira et al., 2017). The
passage efficiency value obtained for sea lamprey at the Acude-Ponte
dam fish pass may seem low when compared with results obtained
for other species from the same family (Pacific lamprey, Lampetra tri-
dentata Richardson, 1836) in similar infrastructures (38-82%; Moser
et al., 2002) but, in the end, it seems to be sufficient to significantly
boost the recover in abundance of upstream populations of this
species. Electrofishing campaigns conducted before and after fish pass
construction detected a one hundred-fold increase, between 2011 and
2017, in the relative abundance of sea lamprey larvae at the upstream
stretches of the Mondego river (unpublished data).

Boosted by the apparent success of the fish pass constructed at the
Agude-Ponte Coimbra dam, which enabled diadromous fish migra-
tions to upstream areas in the basin, habitat recovery actions in the
Mondego river were continued through the development of the project
“Habitat restoration for diadromous fish in River Mondego”, coordi-
nated by the University of Evora with the technical-scientific advice of
MARE - Marine and Environmental Sciences Center, and funded by
the Ministry of Agriculture and Sea and the European Fisheries Fund
through PROMAR 2007-13 (Almeida et al., 2016b). The project fol-
lowed an integrated management approach, aiming to ensure the com-
patibility between the conservation of diadromous fish and all the
other water uses in this watershed, namely, hydropower production,
water supply, commercial fisheries and different recreational purposes
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(e.g. recreational fisheries and aquatic sports like kayaking). This goal
was only possible through the involvement of a strong and diverse net-
work of interested stakeholders, including several entities with respon-
sibilities in the management of aquatic ecosystem resources, such as
the Portuguese Environment Agency (APA), the Mora Freshwater
Aquarium, the Portuguese Sea and Atmosphere Institute (IPMA), the
Energies from Portugal (EDP), the Portuguese Fisheries Authority
(DGRM), the Portuguese Institute for Nature Conservation and
Forests (ICNF), the Sea Lamprey Brotherhood, and the municipalities
of Penacova, Vila Nova de Poiares and Coimbra. The main action of
this project involved the construction of nature-like fish pass facilities
in five smaller weirs, one of which located downstream of Agude-Ponte
Coimbra dam, and the remaining four located upstream (Figure 2), as
well as the complete removal of another weir. These tasks included a
pre- and post-operational monitoring program to evaluate the suit-
ability and success of the interventions implemented at these smaller
weirs, using a similar methodological approach to the one previously
developed for the Agude-Ponte dam fish pass.

This project also included some tasks specifically focused on the
European eel, mainly through the construction of the first passage de-
vice in Portugal entirely devoted to this species at the A¢ude-Ponte
dam in Coimbra (Almeida et al., 2016b). The aim of this device is to
promote dispersion of eels over a wider area, thus avoiding the bio-
ecological constraints that usually result from density increases im-
mediately downstream of riverine obstacles (Acou et al., 2008), like:
i) decrease of body condition; ii) impairment of growth and sexual
maturation; iii) changes of sex-ratio, with the decrease of female pro-
portion; and iv) mortality increase. Effectiveness of this infrastructure
is currently being monitored at a regular basis, with periodic counts
of the number of eels that completely negotiate the eel pass and reach
a monitoring station located at its end (Almeida et al., 2016b). Since
its takeoft, in 2015, ca. 2 500 juvenile eels have successfully used this
device to negotiate the previously unsurmountable A¢ude-Ponte dam
and reach upstream growing areas.

Monitoring of both habitat restoration programs described in this
section, the respective evaluation of operational constraints identified
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at the constructed fish passes and the definition of suitable solutions
to enhance the performance of these infrastructures, is a permanent
and ongoing work. However, in general, results obtained so far are
very positive, indicating that the complementary nature and devel-
opment of these rehabilitation programs successfully contributed to
provide access to additional 45 km of freshwater habitat for diadro-
mous fish species at the Mondego river basin, which represents an in-
crease of restored habitat for these species of 300% and 5% at local
and national levels, respectively.

4.2. Complementary conservation and management efforts

Habitat restoration actions like the ones described in the previous
section can have their potential success impaired if they stand alone
for the conservation and promotion of diadromous fish populations,
without the complementary development of suitable and effective
management guidelines. In the Mondego river basin, for example,
several of these diadromous species (i.e. sea lamprey, shads and eels)
are targeted by intense fishing, especially in the lower reaches of the
river basin (Figure 3). As much effective as the upstream restoration
actions can be in providing new habitat for diadromous fishes, if they
are overfished or captured illegally (e.g. illegal capture of glass eels and
poaching) downstream, the number of fish that reach upstream areas
and can take advantage of implemented habitat rehabilitation mea-
sures becomes significantly reduced, jeopardizing the expected eco-
logical benefits.

Considering this, habitat restoration projects in the Mondego river
basin directed to diadromous fish species were accompanied by a set
of complementary conservation and management actions particularly
focused on the engagement of local commercial fishermen to the con-
servation and management problematic of this group of species. This
approach promoted the interplay between fishermen, scientists and
authorities responsible for freshwater and estuarine fisheries regula-
tions, towards the sustainable exploitation of these resources.

Within the previously described restoration projects, almost 50
local commercial fishermen were approached and, annually, an aver-
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Figure 3. Examples of fishing gear used in commercial fisheries directed to diadromous fish
species: a) fyke and b) drift nets. Photos by Ana E. Belo.

age of ca. 50% of them are actively providing their capture data, es-
pecially of sea lamprey and shads, but efforts are continuously being
made to increase this number (Mateus et al. 2015; Almeida et al.,
2016b). Moreover, since restoration efforts were set in place in this
region, annual meetings are held between local commercial fisher-
men, researchers involved in the conservation of diadromous fish
populations and authorities responsible for the management of fishing
activities, both in sea/estuary (DGRM) and in freshwater environ-
ments (ICNF). In these meetings, monitoring results are presented
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and fishing regulations discussed, promoting a joint effort towards
the sustainable management of the main species targeted by fishing
activities (Almeida et al., 2016b; Stratoudakis et al., 2016).

Within the framework of mentioned actions, efforts have been
made to implement, for the first time in Portugal, an intermediate fish-
ing closure for sea lamprey and shads. This innovative pilot manage-
ment action has a strong potential to be replicated in other river basins
with similar scenarios (Almeida et al., 2016b; Stratoudakis et al., 2016).
Commercial fisheries regulations in Portugal define the official fishing
season for sea lamprey between the beginning of January and the end
of April. In the Mondego river, a 5 to 10-day complete fishing closure
(usually at mid-March) is being annually implemented during the peak
of the sea lamprey spawning migration. For shads, in the same water-
shed, fishing season runs from February to mid-March, with a 5 to 10-
day closure in March of all fishing activities. The pilot intermediate
fishing closure at the peak of the sea lamprey and shads spawning mi-
gration is being implemented in the Mondego river since 2012 with
the agreement of all involved stakeholders. Results obtained so far are
promising, since it is common to observe an increase in the number
of sea lampreys and shads that reach and use the upstream fish passes
only a few days after the beginning of the intermediate fishing closure
(Almeida et al., 2016b; Stratoudakis et al., 2016).

5. Conclusions and Future Perspectives

The conservation and management of diadromous populations
in Portugal should be pursued using an integrative approach coupling
habitat restoration, with focus in the reestablishment of the longitu-
dinal continuity for migrations, with regulations and monitoring ac-
tions that assure sustainable fisheries. The methodological approach
to accomplish this can be based on the successful pilot projects de-
scribed previously for Mondego river. Since it is not feasible to per-
form simultaneously the habitat rehabilitation in every river basin and
in all the river stretches that were once used by diadromous species,
a strategical plan is needed to spatially prioritize the rivers/stretches
that should be recovered in the first place.
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Despite the auspicious results collected so far, the work done in
the Mondego river basin is not finished, since the developed habitat
measures were only directed to the main stem. Important habitat for
this species can still be found in main tributaries, like rivers Ceira and
Alva, which should also be the aim of restoration action that could
ensure fish migrations. The Vouga river basin, also in the central re-
gion of Portugal, is presently the target of a European funded project
entitled “LIFE AGUEDA - Conservation and management actions
for migratory fish in the Vouga river basin - LIFE16 ENV/PT/00041”
that will take action from 2017 to 2022. In this case, the main reha-
bilitation actions (nature-like fish pass construction) are first being
directed to an important tributary of this basin, the Agueda river,
which is less subjected to hydromorphological pressures (i.e. obstacles
to migration created by large dams and flow regulation) such as the
identified in the main stem of the Vouga river. Both Mondego and
Vouga rivers are already receiving a special attention regarding their
diadromous fish species but a tremendous amount of conservation
and management work is still lacking to recover and protect fish pop-
ulations and related habitats in the remaining Portuguese river basins
(i.e., Minho, Lima, Cavado, Douro, Tejo and Guadiana rivers).

For what concerns fisheries management, the work performed so
far in the Mondego river basin aiming to contribute to a sustainable
fishery of sea lamprey, allis and twaite shad by introducing a manage-
ment scheme that links the administrative governmental agencies re-
sponsible for fisheries regulations in marine environment (DGRM)
and freshwater stretches (ICNF) with fishermen’s, with the concomi-
tance and advice of research institutions working with diadromous
species, is exemplificative of what can be done at a national level to
guarantee the longevity of the stocks and associated fisheries. In fact,
funding to replicate this approach to the remaining river basins is al-
ready secured under the framework of a project entitled “Operational
plan for monitoring and management of anadromous fishes in Por-
tugal” (funded by Programa Operacional Mar 2020) and will be pur-
sued between 2018-2020.

After 20 years of dedication to the study of diadromous fish in
Portugal, a group of researchers is finally managing to put in practice
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what they have learned with a double objective of improving the state
of the populations of these species but also preserving the traditional
fishing activities targeting these valuable resources. If we look strictly
to the national panorama, in particular to what is happening in the
Mondego river, future prospects are encouraging, but this group of
species have a wide distribution area and concerted efforts at a Euro-
pean level are also necessary to guarantee the global recovery of the
stocks.

Acknowledgements

Authors wish to thank the Portuguese Environment Agency
(APA) for funding and logistic support related with the “Acude-Ponte
dam fish pass monitoring program” and to the Ministry of Agriculture
and Sea and the European Fisheries Fund (PROMAR 2007-13) for
funding the project “Habitat restoration for diadromous fish in River
Mondego (PROMAR 31-03-02-FEP-5)". Acknowledgements are also
due to the Portuguese Science and Technology Foundation for the
project UID/MAR/04292/2013, and for the post-doctoral support
granted to Carlos M. Alexandre (SFRH/BPD/108582/2015) and Cata-
rina S. Mateus (SFRH/BPD/109672/2015).

References

Acou A, Laffaille P,, Legault A. & Feunteun E. (2008). Migration pattern of silver
eel (Anguilla anguilla, L.) in an obstructed river system. Ecology of Freshwater
Fish, 17, 432-442.

Almeida P. R., Moreira, E, Costa, J. L., Assis, C. A. & Costa, M. J. (1993). The feeding
strategies of Liza ramada (Risso, 1826) in fresh and brackish water in the
River Tagus, Portugal. Journal of Fish Biology, 42, 95-107.

Almeida P. R., Moreira, F, Domingos, I. M., Costa, J. L., Assis, C. A. & Costa, M. J.
(1995). Age and growth of Liza ramada in the River Tagus, Portugal. Scientia
Marina, 59(2), 143-147.

Almeida, P. R, Silva, H. T., & Quintella, B. R. (2000). The migratory behaviour of
the sea lamprey Petromyzon marinus L., observed by acoustic telemetry in
the River Mondego (Portugal). In A. Moore & I. Russel (Eds.), Advances in
Fish Telemetry (pp. 99-108). Lowestoft, Suffolk: CEFAS.

Almeida, P. R,, Quintella, B. R., Dias, N. M., & Andrade, N. O. (2002). The Anadro-
mous Sea Lamprey in Portugal: Biology and Conservation Perspectives. Paper

‘ 209

iNDICE



DIADROMOUS FISH IN PORTUGAL: STATUS, THREATS AND MANAGEMENT GUIDELINES

210 ‘

INDICE

presented at the Proceedings of the International Congress on the Biology
of Fishes - The Biology of Lampreys, Vancouver, Canada, 49-58.

Almeida, P. R. (2003). Feeding ecology of Liza ramada (Risso, 1810) (Pisces, Mugili-
dae) in a south-western estuary of Portugal. Estuarine, Coastal and Shelf Sci-
ence, 57(1-2), 313-323.

Almeida, P. R., Tomaz, G., Andrade, N. O., & Quintella, B. R. (2008). Morphological
analysis of geographic variation of sea lamprey ammocoetes in Portuguese
river basins. Hydrobiologia, 602, 47-59.

Almeida, P. R., & Quintella, B. R. (2013). Sea Lamprey Migration: A Millenial Jour-
ney. In H. Ueda & K. Tsukamoto (Eds.), Physiology and Ecology of Fish Mi-
gration (pp. 105-131). Boca Raton, Florida: Science Publishers Books.

Almeida, P. R., Quintella, B. R., Mateus, C. S., Alexandre, C. M., Cardoso, G., Belo,
A.F, Pereira, E., Domingos, L, Ferreira, J., Lopes, ]., Costa, J. L. & Langa, M.
J. (2016%). Programa de monitorizagdo da passagem para peixes do Agude-
Ponte de Coimbra. Relatorio Final. APA - Agéncia Portuguesa do Ambiente,
Lisbon.

Almeida, P. R, Quintella, B. R., Mateus, C. S., Alexandre, C. M., Pereira, E., Cardoso,
G., Ganhio, E., Adao, H., Lan¢a, M. ., Lima, M., Pinto, P,, Félix, P., Pinheiro-
Alves, M. T., Domingos, 1., Costa, J. L., Monteiro, R., Belo, A. E, Lopes, J.,
Sousa, L., Quadrado, M. E, Telhado, A., Batista, C., Proenca, J. M., Ferreira,
J., Castro, P, Franco, A., Lopes, G., Santo, M., Bruxelas, S., Rosa, C., Stra-
toudakis, Y., Veiga, E, Pardal, J., Maia, M. M. & Lopes, E (2016b). Reabilitagdo
dos habitats de peixes diddromos na bacia hidrografica do Mondego (PRO-
MAR 31-03-02-FEP-5). Relatério Final. Universidade de Evora, Evora. 89pp.

Andrade, N. O., Quintella, B. R., Ferreira, J., Pinela, S., Pdvoa, 1., Pedro, S., &
Almeida, P. R. (2007). Sea lamprey (Petromyzon marinus L.) spawning mi-
gration in the Vouga river basin (Portugal): poaching impact, preferential
resting sites and spawning grounds. Hydrobiologia, 582, 121-132.

APA, LP. (2016). Planos de Gestdo de Regido Hidrografica dos rios Vouga, Mondego
e Lis Integradas na Regido Hidrografica 4, Parte 2 - Caracteriza¢do Geral e
Diagndstico. Anexos. Maio 2016.

Aratjo, J., Silva, S., Stratoudakis, Y., Gongalves, M., Lopez, R., Carneiro, M., Martins,
R., Cobo, E & Antunes, C. (2016). Sea lamprey fisheries in the Iberian Penin-
sula. In A. M. Orlov & R. Beamish (Eds.), Jawless Fishes of the World (Vol. 2,
pp- 115-148). Newcastleupon Tyne, UK: Cambridge Scholars Publishing.

Bagliniére, J.-L., Sabatié, R., Rochard, E., Alexandrino, P., & Aprahamian, M. W.
(2003). The Allis Shad Alosa alosa: Biology, Ecology, Range, and Status of
Populations. American Fisheries Society Symposium, 35, 85-102.

Baldaque da Silva, A. A. (1891). Estado actual das pescas de Portugal. Imprensa Na-
cional, Lisbon.

Beamish, E W. H., & Potter, I. C. (1975). The biology of the anadromous Sea lamprey
(Petromyzon marinus) in New Brunswick. Journal of Zoology, 177(1), 57-72.

Beamish, E W. H. (1980). Biology of the North-American Anadromous Sea Lam-
prey, Petromyzon marinus. Canadian Journal of Fisheries and Aquatic Sci-
ences, 37(11), 1924-1943.



DESENVOLVIMENTO SUSTENTAVEL DO OCEANO: UMA UTOPIA UTIL
SUSTAINABLE DEVELOPMENT OF THE OCEAN: A NECESSITY

Bern Convention on the Conservation of European Wildlife and Natural Habitats.
ETS. No. 104. https://www.coe.int/en/web/conventions/full-list/-/conven-
tions/treaty/104

Bonn Convention. Convention on the Conservation of Migratory Species of Wild
Animals. http://www.cms.int/

Cabral M. J. (coord), Almeida J., Almeida P. R., Dellinger T., Ferrand de Almeida
N., Oliveira M. E., Palmeirim J. M., Queiroz A. I., Rogado L. & M. Santos-
Reis (eds.). (2005). Livro Vermelho dos Vertebrados de Portugal. Instituto
de Conservagdo da Natureza, Lisboa. 660 pp.

Cardona, L. (2016). Food and feeding of Mugilidae. In D. Crosettti & S. J. M. Blaber
(Eds.), Biology, ecology and culture of grey mullet (Mugilidae). (pp. 165-195).
Florida: CRC Press, Taylor & Francis Group.

CITES. Appendices I, II and III, valid from 4 October 2017.
https://cites.org/eng/app/appendices.php

Dawson, H. A, Quintella, B. R., Almeida, Treble, A. J., & Jolley, J. C. (2015). The
ecology of larval and metamorphosing lampreys. In M. Docker (Ed.), Lam-
preys: biology, conservation and control (pp. 75-137). Dordrecht: Springer
Netherlands.

Franga, S., Costa, M. J., & Cabral, H. N. (2011). Inter- and intra-estuarine fish as-
semblage variability patterns along the Portuguese coast. Estuarine, Coastal
and Shelf Science, 91, 262-271.

Freitas, V., Costa-Dias, S., Campos, ]., Bio, A., Santos, P., & Antunes, C. (2009). Pat-
terns in abundance and distribution of juvenile flounder, Platichthys flesus,
in Minho estuary (NW Iberian Peninsula). Aquatic ecology, 43(4), 1143.

Habitats Directive. Council Directive 92/43/EEC of 21 May 1992 on the conserva-
tion of natural habitats and of wild fauna and flora. Official Journal L 206,
22/07/1992 P. 0007 — 0050.

Halliday, R. C. (1991). Marine distribution of the sea lamprey (Petromyzon marinus)
in the northwest Atlantic. Canadian Journal of Fisheries and Aquatic Sci-
ences, 48(5), 832-842.

Hardisty, M. W., & Potter, I. C. (1971). The behaviour, ecology and growth of larval
lampreys. In M. W. Hardisty & 1. C. Potter (Eds.), The biology of Lampreys
(Vol. 1, pp. 85-125). London, UK: Academic Press.

HELCOM. (2013). HELCOM Red List of Baltic Sea species in danger of becoming
extinct. Balt. Sea Environ. Proc. No. 140.

Filipe A. E, Lawrence J. E. & Bonada N. (2013). Vulnerability of stream biota to cli-
mate change in mediterranean climate regions: a synthesis of ecological re-
sponses and conservation challenges. Hydrobiologia 719(1), 331-351.

ICES. (2015). Report of the Workshop on Lampreys and Shads (WKLS). Almeida,
PR. & Rochard, E. (Eds.). 27-29 November 2014, Lisbon, Portugal. 223 pp.

Maitland, P. S., Renaud, C. B., Quintella, B. R., & Close, D. A. (2015). Conservation
of Native Lampreys. In M. E Docker (Ed.), Lampreys: Biology, Conservation
and Control (pp. 375-428): Springer.

Mateus C. S., Rodriguez-Mufioz R., Quintella B. R., Alves M. J. & Almeida P. R.
(2012). Lampreys of the Iberian Peninsula: distribution, population status
and conservation. Endangered Species Research 16, 183-198.

‘ 211

iNDICE



DIADROMOUS FISH IN PORTUGAL: STATUS, THREATS AND MANAGEMENT GUIDELINES

212 ‘

INDICE

Mateus C. S., (coord.), Beaulaton L., Bochechas J., Bruxelas S., Cobo F,, Franco A.,
Nachon D. J., Quintella B. R., Rosa C., Rougier T., Silva S., Stratoudakis Y. &
Telhado A. (2015). Habitat Recovery and Related Conservation Efforts. In
ICES Report of the workshop on lampreys and shads (WKLS) (pp. 106-150).
Almeida, PR. & Rochard, E. (Eds.) 27-29 November 2014, Lisbon, Portugal.
223 pp.

McCleave, J. D., Kleckner, R. C. & Castonguay, M. (1987). Reproductive sympatry
of American and European eels and implications for migration and taxon-
omy. American Fisheries Society Symposium, 1, 286-297.

Moser M. L., Matter A. L., Stuehrenberg L. C., Bjornn T. C. (2002). Use of an ex-
tensive radio receiver network to document Pacific lamprey (Lampetra tri-
dentata) entrance efficiency at fishways in the Lower Columbia River, USA.
Hydrobiologia 483: 45-53.

Mota, M. and Antunes, C. (2011). First report on the status of Allis shad (Alosa
alosa) in the Minho River (Northwestern Iberian Peninsula). Journal of Ap-
plied Ichthyology, 27, 56-59.

Nichols O. C. & Hamilton P. K. (2004). Occurrence of the parasitic sea lamprey,
Petromyzon marinus, on western North Atlantic right whales, Eubalaena
glacialis. Environmental Biology of Fishes 71, 413-417.

OSPAR List of Threatened and/or Declining Species and Habitats - Reference Num-
ber: 2008-6). Convention for the protection of the marine environment of
the North-East Atlantic.http://jncc.defra.gov.uk/pdf/08-
06e_OSPAR%20List%20species%20and%20habitats.pdf

Pedro, S., Cagador, I, Quintella, B. R., Lan¢a, M. J. & Almeida, P. R. (2014). Trace
element accumulation in anadromous sea lamprey spawners. Ecology of
Freshwater Fish: 23, 193-207.

Pereira E., Quintella B. R., Mateus C. S., Alexandre C. M, Belo A. E, Telhado A.,
Quadrado M. F. & P. R Almeida. (2017). Performance of a vertical slot fish
pass for the sea lamprey Petromyzon marinus L. and habitat recolonization.
River Research and Applications, 33, 16-26.

Quintella B.R. (2006). Biology and conservation of sea lamprey (Petromyzon mar-
inus L.) in Portugal. PhD thesis, University of Lisbon, Lisbon Portugal

Quintella B. R., Andrade N. O., Almeida P. R. (2003). Distribution, larval stage du-
ration and growth of the sea lamprey ammocoetes, Petromyzon marinus L.,
in a highly modified river basin. Ecology of Freshwater Fish 12, 286-293.

Quintella B. R., Andrade N. O., Dias, N. M. & Almeida P. R. (2007). Laboratory as-
sessment of sea lamprey larvae burrowing performance. Ecology of Freshwa-
ter Fish, 16, 177-182.

Ramos, S., Ré, P, & Bordalo, A. A. (2010). Recruitment of flatfish species to an es-
tuarine nursery habitat (Lima estuary, NW Iberian Peninsula). Journal of
Sea Research, 64(4), 473-486.

Renaud C. B. (2011). Lampreys of the world: an annotated and illustrated catalogue
of lamprey species known to date. FAO Species Catalogue for Fisheries Pur-
poses No. 5. Food and Agriculture Organization of the United Nations,
Rome.



DESENVOLVIMENTO SUSTENTAVEL DO OCEANO: UMA UTOPIA UTIL
SUSTAINABLE DEVELOPMENT OF THE OCEAN: A NECESSITY

Silva S., Servia M. J., Vieira-Lanero R., Barca S. & Cobo E (2013). Life cycle of the
sea lamprey Petromyzon marinus: duration of and growth in the marine life
stage. Aquatic Biology, 18, 59-62.

Silva, S., Aratjo, M. J., Bao, M., Mucientes, G. & Cobo, F. (2014). The
haematophagous feeding stage of anadromous populations of sea lamprey
Petromyzon marinus: low host selectivity and wide range of habitats. Hydro-
biologia, 734(1), 187-199.

Silva, S., Barca, S., & Cobo, E. (2016). Advances in the study of sea lamprey Petromy-
zon marinus Linnaeus, 1758, in the NW of the Iberian Peninsula. In A. M.
Orlov & R. Beamish (Eds.), Jawless Fishes of the World (Vol. 1, pp. 346-385).
Newcastle Upon Tyne, UK: Cambridge Scholars Publishing.

Stratoudakis Y., Mateus C. S., Quintella B. R., Antunes C. & Almeida P. R. (2016).
Exploited anadromous fish in Portugal: Suggested direction for conservation
and management. Marine Policy 73, 92-99.

Teixeira, C. M., & Cabral, H. N. (2009). Time series analysis of flatfish landings in
the Portuguese coast. Fisheries Research, 96 (2), 252-258.

Tesch, E W., & Wegner, G. (1990). The distribution of small larvae of Anguilla sp.
related to hydrographic conditions 1981 between Bermuda and Puerto
Rico. International Review of Hydrobiology, 75(6), 845-858.

Vasconcelos, R. P,, Reis-Santos, P, Tanner, S., Maia, A., Latkoczy, C., Giinther, D.,
Costa, M.J. & Cabral, H. (2008). Evidence of estuarine nursery origin of five
coastal fish species along the Portuguese coast through otolith elemental fin-
gerprints. Estuarine, Coastal and Shelf Science, 79 (2), 317-327.

Youson, J. H. (1980). Morphology and physiology of lamprey metamorphosis. Cana-
dian Journal of Fisheries and Aquatic Sciences 37, 1687-1710.

‘ 213

iNDICE



