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ABSTRACT

Unexpected recent records of twaite shad (4losa fallax) in two North-eastern Iberian rivers: recolonization or
recovery of remnant populations?

The presence of twaite shad Alosa fallax (Lacépede, 1803), an anadromous fish that migrates to lower and middle river reaches
to spawn, has been reported in the Fluvia and Ter rivers (NE Spain) after several decades of absence of confirmed records. From
2015 to 2017 a total of 32 specimens, including one juvenile fish, were captured by angling in the River Fluvia, and a single
individual was captured in the River Ter. The origin of these fish in the Fluvia may be the recovery of a scarce local population
that remained undetected or a recolonization by individuals straying from neighbouring populations. The presence of a single
individual in the Ter and the absence of records for over a century in this river suggest that this specimen may have come from
a nearby population. If the establishment of a twaite shad population in the Fluvia is confirmed in the next few years, the
construction of fish passages would increase the availability of spawning habitats and improve the species’ conservation
prospects.
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RESUMEN

Citas recientes inesperadas de saboga (Alosa fallax) en dos rios del Noroeste de la Peninsula Ibérica: ;recolonizacion o
recuperacion de poblaciones remanentes?

La presencia de saboga Alosa fallax (Lacépéde, 1803), un pez anadromo que migra a los tramos bajos y medios de los rios
para desovar, se cita en los rios Fluvia y Ter (NE de Espania) después de varias décadas de ausencia de registros confirmados.
De 2015 a 2017, un total de 32 especimenes fueron capturados en el rio Fluvia, incluyendo un juvenil, y un individuo en el rio
Ter. El origen estos peces podria ser la recuperacion de una escasa poblacion local que habria permanecido sin ser detectada,
pero también existe la posibilidad de una recolonizacion de individuos errantes procedentes de poblaciones vecinas. La
presencia de un solo individuo en el Ter, junto con la ausencia de citas por mds de un siglo en este rio, sugiere que el espécimen
puede proceder de una poblacion vecina. Si se confirma en los proximos arios la presencia de una poblacion estable de saboga
en el Fluvia, la construccion de pasos de peces aumentaria la disponibilidad de habitats de freza y podria mejorar sus perspec-
tivas de conservacion.

Palabras clave: Clupeidae, instinto de regresar a casa, comportamiento de extravio, resiliencia, peces anadromos, conser-
vacion
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INTRODUCTION

The twaite shad Alosa fallax (Lacépede, 1803) is
an anadromous fish species of the family Clupei-
dae that has a pelagic sea life and migrates to
lower and middle river reaches to spawn, although
some landlocked populations also exist (Apra-
hamian ef al., 2003a). The timing of the spawning
migration of adults into freshwaters occurs in
spring. Mature fish shoal during the day along the
shore of the river and spawning takes place at
night. After hatching, juveniles migrate to down-
stream river reaches and to estuaries during
summer and autumn and enter the sea at the begin-
ning of winter (Aprahamian et al., 2003a).

Genetic differences between populations
suggest that most individuals return to their natal
rivers to spawn (a phenomenon called homing
behaviour) but also that some exchange between
neighbouring populations occurs because of
strayed individuals (individuals who enter a river
other than their natal river) (Jolly ef al., 2012). A
recent study carried out in the northwest of the
Iberian Peninsula by studying the microchemistry
of otoliths showed that the exchange of straying
individuals between nearby populations can be
considerable (Nachon, 2016).

The range of twaite shad extends along the
Atlantic coasts and rivers from southern Norway
to Morocco, and eastwards into the Mediterrane-
an Sea. Several sub-species of anadromous twaite
shad have been described based on varying num-
bers of gill rakers and geographic distribution
(Hoestlandt, 1991). Of these, three are present in
the Mediterranean: A. fallax rhodanensis (Roule,
1924) is found along the European coast of the
western Mediterranean; A. fallax algeriensis
(Regan, 1916) is distributed along the western
Mediterranean coast of North Africa; and A.
fallax nilotica (Geoffroy Saint-Hilaire, 1808) is
found in the eastern Mediterranean from Italy to
River Nile (Aprahamian et al., 2003b). However,
the systematics of these sub-species is a matter of
debate and Kottelat (1997) suggested that until
taxonomy is resolved the three subspecies should
be classified as A4. fallax.

In the western Mediterranean, the most impor-
tant populations remains in the largest rivers in
the region, i.e. the Rhone and the Ebro (Le Corre
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et al., 1997; Lopez et al., 2007) though it is also
present in the Tét, Agly, Aude and Hérault rivers
(Le Corre et al., 2000; Mutel et al., 2017). In this
area, some twaite shad populations were in
sympatry with populations of the other anadro-
mous European shad species, the allis shad Alosa
alosa (Linnaeus, 1758). This latter species is
currently considered absent in the Mediterranean
(Le Corre et al., 2005), but some populations of
twaite shad show genetic variation typical of allis
shad, suggesting that introgressive hybridization
between these two species occurred at some stage
(Faria et al., 2012; Sotelo et al., 2014). During the
20th century, the impact of human activities has
led to a considerable decline in abundance of
European shads throughout their distribution
range. Construction of dams that block access to
their spawning grounds, water pollution and
overfishing are among the main factors that have
impacted negatively on its populations (Elvira,
1995; Baglini¢re, 2000; Aprahamian et al.,
2003b). As a consequence, shads are now under
protection at different levels, from international
level, through the state level of each country and
in Spain to autonomous community level (Apra-
hamian et al., 2003a; Perea et al., 2011).

The presence of twaite shad in the Mediterra-
nean coastal area of Spain was documented in the
main rivers draining this region, namely the Ebro,
Llobregat, Ter and Fluvia (Llatjés, 1946; Nadal,
1981; Sostoa & Lobon-Cervia, 1989; Sostoa et al.,
1994). Its populations suffered a dramatic decline
in both abundance and distribution, to the point of
a presumed extirpation from all previously occu-
pied basins (Aparicio et al., 2000; Lopez et al.,
2007). However, in the Ebro the twaite shad was
detected again in 2004 and since then its numbers
have increased substantially, suggesting an ongo-
ing recovery of this population (Lopez et al.,
2007, 2011). In the three other watersheds, fish
samplings performed in the 1990s (Moreno-Am-
ich et al., 1999; Aparicio et al., 2000) and 2000s
(Pou-Rovira et al., 2004, 2007; Maceda-Veiga et
al., 2010; Aparicio et al., 2013) showed no
presence of the species. The last recorded
presence of twaite shad corresponded to the River
Fluvia in the 1980s (Sostoa et al., 1994). Since the
lower course of the Fluvia potentially maintains
sufficient habitat to support twaite shad reproduc-
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Figure 1. (Top) Map of the study area showing the capture locations of twaite shad (4losa fallax) specimens in the Fluvia and Ter
rivers from 2015 to 2017 and the location of the first impassable obstacle in each river, and (bottom) map of the Western Mediterranean
area showing the main rivers where populations of twaite shad have been reported in recent times (see text for references). (4rriba)
Localidades de captura de los especimenes de saboga (Alosa fallax) en los rios Fluvia y Ter entre 2015y 2017 y la ubicacion del
primer obstaculo impasable en cada rio, y (abajo) mapa del Mediterraneo Occidental mostrando los principales rios en los que se han
reportado poblaciones de saboga en tiempos recientes (ver texto para referencias).

Limnetica, 39(1): 113-120 (2020)



116 Fuentes et al.

tion (clean gravel beds, resting pools, good water
quality; ACA, 2013), the aim of the work was to
investigate whether the species were still present.
The objective of this paper was to discuss the
possible recovery of a twaite shad population in
the Fluvia River as well as the possible origin of
the captured individuals. We also present data of
one adult twaite shad specimen captured in the
River Ter after over a century of absence.

METHODS

The study area included the rivers Fluvia (97 km
in length, mean flow of 1.27 m3/s) and Ter (208
km in length, mean flow of 26.79 m3/s) in Catalo-
nia (NE Spain). The potential habitat is restricted
to 8 and 6 km respectively, because of the presence
of the first insurmountable obstacle (Fig. 1).
Surveys consisted of a combination of visual
methods and angling with rod and reel, which
was considered suitable for the objectives of the
study and offers a considerable reduction in field
effort relative to other sampling methods (Coté &
Perrow, 2006). Moreover, twaite shad is difficult
to catch by conventional scientific fishing
techniques such as electrofishing. This technique
is best suited to small, wadeable streams, but in
medium-sized rivers, physical habitat limitations
(i.e. water depth and river width) can hinder
effective sampling (Favrot & Kwak, 2016).
Surveys were conducted during the period of
natural upstream migration of twaite shad (i.e. the
spring months) and during the downstream juve-
nile migration period (i.e. late summer, autumn).
Bankside visual surveys were possible due to
high water transparency and are appropriate
during the spawning period when the presence of
aggregations of fish may be identified. Observers
wore polarised sunglasses to reduce glare and
improve fish spotting. Hook-and-line angling was
carried out after these visual surveys. This
method is highly selective and is therefore not
suitable for sampling the entire fish community,
but can be a cost-effective method of sampling
specific species. To reduce the risk of incidental
mortality by hook damage, all survey angling was
done with artificial lures carrying simple barbless
hooks, which are less intrusive. Lure size was
adapted to fish size depending on the season and
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location, using smaller lures near the river mouth
in late summer, where juvenile individuals were
expected, than those used upstream in spring for
adult fish. Fish captured were measured (fork
length, cm), photographed and released as soon
as possible to minimize stress. The photographs
were later used for the identification of the
species according the diagnostic characters of
twaite shad: less than 60 scales along the midline
(vs. 60-90 in allis shad), less than 20 transverse
scale rows (vs. 20-26 in allis shad), regular
scaling on the longitudinal line (as opposed to
irregular scaling in allis shad) (Aprahamian et al.,
2003b). The number of gill rakers on the first gill
arch, which is the main discriminating character
for identifying Alosa species (Aprahamian et al.,
2003b), could not be analyzed since it would have
required the sacrifice of the fish.

Visual surveys and angling were conducted
from 2008 to 2017 within the potential habitat for
twaite shad, i.e. downstream of the first obstacle
to migration (Fig. 1). Sampling effort varied over
this period; the number of survey days per year in
both Ter and Fluvia was between 2 and 10 before
2014, and a fixed 6 days from 2014 to 2017.

RESULTS

First visual detection of fish resembling shads
occurred in May 2015, and some of them were
later captured by angling. Captured fish were
identified as twaite shad (Fig. 2) by the following
characters: scales along the midline (mean: 57.5 £
2.26 SD), transverse scale rows (mean: 18.0 £ 1.2
SD) and regular scaling on the longitudinal line
(Aprahamian ef al., 2003b).

Overall, a total of 31 adult specimens (size
range: 35-50 cm fork length) were captured by
angling in the Fluvia between April and June
from 2015 to 2017 (Fig. 1). An additional juve-
nile specimen (size: 10 cm fork length) was
captured in the Fluvia estuary in October, 2016.
Also, in May 2015, an individual (size range:
40-50 cm) was found in the Ter (Fig. 1).

DISCUSSION

Despite the absence of the main diagnostic char-
acter (gill raker count), the combination of the
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Figure 2. Adult specimens of twaite shad (4/osa fallax) captured by angling in the River Fluvia on May, 2015. Ejemplares adultos de
saboga (Alosa fallax) pescados con caiia en el rio Fluvia en mayo de 2015.

other diagnostic morphological characters
allowed us to identify the shad individuals
captured in the Fluvia and Ter rivers as twaite
shad. However, hybridization between twaite
shad and allis shad has been reported over most of
their historical range (Alexandrino et al., 2006;
Coscia et al., 2010; Jolly et al., 2012), including
the Western Mediterranean (Rhone and Ebro
rivers) (Andree et al., 2011; Faria et al., 2012;
Sotelo et al., 2014). For example, 34 % of
individuals collected in a study in the Ebro
presented typical allis shad mitochondrial haplo-
types despite being morphologically classified as
twaite shad (Sotelo ef al., 2014). Therefore, with-
out genetic analysis, the possibility that some fish
from the Fluvia are hybrid individuals is feasible
and should be clarified in subsequent studies.
The origin of the twaite shad detected in the
Fluvia is uncertain. The first possibility is that
they come from the recovery of a local population
that persisted at very low or residual levels for
years and remained undetected, as reported in
other rivers such as the Ebro (Sotelo et al., 2014).

Another possibility is that the current population
originated through recent recolonization by strays
from neighbouring populations. It has been
suggested that twaite shad displays a high fidelity
to breeding grounds, based on the pattern of
genetic isolation by distance on a regional scale,
but some migration between neighbouring popu-
lations also occurs (Jolly et al., 2012). For exam-
ple, a recent study carried out in the Northwest of
the Iberian Peninsula determined that the degree
of exchange of strayers can be substantially high
(around 30 %) between two relatively close popu-
lations (barely 100 km distance between the two
rivers; Nachon, 2016). There are six twaite shad
populations that could provide straying individu-
als within a radius of 290 km, in the Tét, Agly,
Aude, Hérault and Rhone rivers to the north (Le
Corre et al., 2000; Mutel et al., 2017), and the
Ebro to the south (Lopez et al., 2007) (Fig. 1).
Further genetic research based on the distinctive
genetic composition between different Mediterra-
nean populations (Le Corre et al., 2005; Sotelo et
al., 2014) would clarify the origin of the twaite
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shad in the Fluvia. The microchemistry of otoliths
could also help in unravelling the origin of
individuals and the exchange between nearby
twaite shad populations (Nachén, 2016).

Although the species identity of the juvenile
captured in the Fluvia estuary could not be
confirmed, it is highly probable that this specimen
would be a twaite shad given the results of this
study and the context of shad populations in the
Mediterranean basin, where there are no other
shad species populations in the nearby rivers. This
suggests possible successful reproduction in this
river. However, given the plasticity of shad
individuals during this phase (Taverny et al.,
2000; Magath et al., 2013; Nachon, 2016) and the
proximity of the sea, its provenance from another
nearby population cannot be excluded. The isolat-
ed presence of a single individual in the Ter and
the absence of records for over a century in this
river suggest that this specimen may have come
from a nearby population. However, it is neces-
sary to monitor this river to demonstrate whether
it was only an erratic individual or whether a small
population is establishing itself there.

The reappearance of the twaite shad in the
River Fluvia chimes with the positive trend of the
species’ recovery observed in other European
rivers in recent years, both in the Atlantic (Maes
et al., 2008; Magath & Thiel, 2013) and in the
Mediterranean (Lebel ef al., 2001; Lopez et al.,
2007). If the establishment of a twaite shad popu-
lation in the Fluvia is confirmed in the next few
years, the construction of fish passages would
improve its conservation prospects by allowing
fish to migrate further upstream and so increase
the availability of spawning and nursery habitats.
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