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Abstract The metamorphosis of sea lamprey (Petr-
omyzon marinus Linnaeus, 1758) allows young post-
metamorphic individuals to migrate to the sea and start
the hematophagous feeding. However, the information
about this phase is very limited, especially for
European populations. Herein, we provide for the first
time a comprehensive study on the phenology of
downstream migration, the timing and location of first
feeding and the prey species in the River Ulla and its
estuary (NW Spain). Results show that downstream
migration occurs between October and May with a
peak in March. At least for a part of the postmeta-
morphic lampreys this migration stops for several
months when they reach the estuary, where lampreys
find shelter and abundant food, before moving to
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coastal waters. Hematophagous feeding in the estuary
allows postmetamorphics to increase their total length
and weight exponentially. Our results also suggest that
part of the postmetamorphics (10-30%) start the
hematophagous feeding in the river, with a special
affinity for anadromous species, probably because of
their larger size.
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Introduction

The sea lamprey (Petromyzon marinus, Linnaeus
1758) is an anadromous species considered as ‘Vul-
nerable’ in Europe, listed on Annex II of the EU
Habitats Directive and Annex III of the Bern Conven-
tion. It was classified as ‘Least Concern’ by IUCN in
2008 (Freyhof & Kottelat, 2008). Contrastingly, in the
Great Lakes of North America a landlocked form of
the sea lamprey, non-native and considered a pest,
causes tremendous damage to fish stocks and the
expenditure of large sums of money in their control
(Berra, 2001).

Ammocoetes of this species spend from 3 to § years
in freshwater habitats, where they are filter feeders and
live burrowed in fine sediment (Beamish & Potter,
1975; Quintella et al., 2003; Taverny et al., 2005).
After this period, the larvae undergo a metamorphosis
that allows young postmetamorphic lampreys to
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migrate to the sea and start the hematophagous feeding.
Metamorphosis is a highly synchronised event during
which lampreys spend between 4 and 10 months
without feeding (Potter, 1980; Youson, 1980). The
long fasting period implies that this is a critical stage
for survival (Swink, 2003), and it is very important for
postmetamorphics to obtain a food source as soon as
possible in order to allow the recovery of lost energy
reserves. Therefore, postmetamorphics are expected to
have a benefit from early feeding either by moving
downstream and feeding in estuarine or coastal waters
or by early feeding in river.

The most detailed studies on the postmetamorphic
phase and hematophagous feeding have been made for
the populations of North America (Davis, 1967; Potter &
Beamish, 1977; Beamish, 1980; Farmer, 1980). In
contrast, we know very little about the downstream
migrations of the Atlantic sea lamprey in European rivers
(Hardisty, 2006) and about the prey species during the
hematophagous feeding stage (Nichols & Tscherter,
2011). Moreover, information from isolated works and
comments from anglers suggests the existence of hema-
tophagous feeding in the river for European populations
(Hardisty & Potter, 1971; Bird et al., 1994; Maitland
et al, 1994; Taverny & Elie, 2009). However, the
occurrence of these feeding lampreys in rivers is assumed
to result from attacks made on migrating teleosts in
marine or estuarine waters (Bird et al., 1994). For North
American populations Davis (1967) and Potter &
Beamish (1977) claim that some individuals start feeding
in the river before migrating downstream, especially
those who migrate at the end of migration period.

The aim of this article is to contribute to the
knowledge of the postmetamorphic stage of anadro-
mous sea lamprey populations with the following
objectives: corroborate the existence and start of
hematophagous feeding in freshwater; identify the
species that are part of the first diet of postmetamorph-
ics and characterize the downstream migration phase,
defining the period of migration and the role of the
river and estuary during this phase.

Materials and methods
Study area

The study area was located in the River Ulla (Galicia,
NW Spain) (total length of 132 km, 2,803 km?). It
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drains into the Atlantic Ocean through the Ria de
Arousa in southwest direction. The length accessible
in the main channel is 80 km, limited by the presence
of a dam for hydroelectric production (UTM: 29T
561986E 4742078N), which is the first impassable
barrier for anadromous species.

Data were collected in seven locations, three in the
estuary-ria (E1, UTM: 29T 522247E 4723949N; E2,
UTM: 29T 518953E 4716224N; E3, UTM: 29T
519039E 4715707N) and four in the river (RI,
UTM: 29T 543849E 4732719N; R2, UTM: 29T
536983E 4734224N; R3, UTM: 29T 533201E
4732456N; R4, UTM: 29T 530642E 4731060N) 40,
30, 24 and 20 km away from the mouth, respectively
(Fig. 1). In order to facilitate the interpretation of
results, sampling locations established in the estuary
and the ria are dealt together and we will refer to them
as belonging to the estuary.

Field work

This article is based on the use of various source of
data on different life stages of P. marinus (transform-
ers, postmetamorphic individuals in the river during
their downstream migration and postmetamorphics
feeding in the river and feeding in the estuary)
obtained by using different methodologies. In addi-
tion, we captured and made observations on potential
prey species in the river and estuary. The following
section provides more detailed information about data
collected, their purpose and the methodology used in
each case.

River

The methodology for the capture of lampreys was
different in each sampling point. R1 corresponds to the
fixed trap located in the village of Ximonde, with two
traps for upstream migrators (trap ‘V’ on a scale of
troughs and one in a Denil-type scale with side baffles)
and a smolt trap (through a set of horizontal and
vertical grids that steer the fish to a channel ending in a
cage trap). In the upstream traps anadromous fishes
were captured during their spawning migration, so we
could confirm the presence of postmetamorphics
feeding on them (direct visualization of the postmeta-
morphic attached or identification of the relevant
injury). Thus, 190 Salmo salar Linnaeus, 1758 and 69
Salmo trutta Linnaeus, 1758 (anadromous form) were
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Fig. 1 Map of the sampling
area in River Ulla and its
estuary. ( ) First
insurmountable obstacle for
migratory species in the
main channel of the River
Ulla. The area in the estuary
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examined between March and October 2011 (data
provided by staff of Ximonde). In addition, the smolt
trap allowed us to capture 182 lampreys during their
downstream migration between April and May 2011
(PMd) (due to some technical problems, the trap was
not operational during the previous months of the
year). We also made use of historical data of lampreys
captured during their downstream migration (PMdh),
corresponding to a total of 6,839 individuals captured
between 1997 and 2010 (data provided by staff of
Ximonde). PMd and PMdh data were not used as a
whole because PMd only correspond to the final part
of the migration period. PMdh data were used to
characterize the migration period and to study the
variation in the biometric characteristics throughout
this time. The PMdh captured in September and June
were not used for statistical analysis as there were only
sporadic captures. The effectiveness of the smolt trap
was analysed by Caballero et al. (2006) between 1998
and 2003. Downstream catch efficiency was low but
its variation was small, with an efficiency that
remained between 8 and 12%. Therefore, we consider
that the data from this trap are robust and reliable and
provide a true picture of the pattern of migration of
postmetamorphic lampreys. Both PMd and PMdh
were compared with transformers and with
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postmetamorphics captured feeding on different prey
species in the river (PMfr), in order to confirm the
hypothesis of the initiation of hematophagous feeding
in the river.

R2 is a spawning area of S. salar, S. trutta (resident
and anadromous form) and P. marinus. In this locality,
we made sporadic observations of postmetamorphics
attached to some of the mentioned species between
January and April 2012. The purpose of these obser-
vations was to identify other potential prey species,
particularly the observation of postmetamorphic
lampreys attached to resident individuals of S. trutta,
which will support the hypothesis of the onset of
hematophagous feeding in freshwater.

R3 and R4 correspond to deep areas we know are
seating areas for adults of the species Alosa fallax
(Lacépede, 1803). Thus, 89 adults of A. fallax
migrating to their spawning grounds were captured
in total (83 in R3 and 6 in R4) between April and June
2011 and examined to confirm the presence of
postmetamorphics or corresponding wounds. We used
trammel nets 40 m long, 3 m high with a mesh size of
7-10 cm. Furthermore, in R3 we captured 72 lampreys
in the stage of metamorphosis, also called transform-
ers, by electrofishing in September 2010. Transform-
ers were identified according to criteria established by
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Youson & Potter (1979). They were used as control
because lampreys do not feed during metamorphosis,
so the larger or smaller sizes of postmetamorphics
compared to the maximum and minimum values
recorded for the transformers are indicative of the
onset of hematophagous feeding or continuation of
fasting.

Estuary

The samplings in the estuary were conducted on a
weekly basis, between January and June for 4 years
(2008-2011). We captured a total of 343 postmeta-
morphic lampreys (6 in 2008, 83 in 2009, 25 in 2010
and 229 in 2011) feeding in the estuary (PMfe) on the
euryhaline species Liza aurata (Risso, 1810). This
species, like other Mugilidae, perform periodic
motions accompanying the tide, and approach the
coast with the rise of the tide (Almeida, 1996), allowing
the capture of individuals of L. aurata and post-
metamorphics attached to them. This served us to
corroborate that lampreys feed on this species, as well
as to assess the role of this habitat during this phase by
comparing the postmetamorphics caught in the same
month in the estuary and river. Hand, seine and gill nets
were used. For the biometric characterization of prey,
we used a sample of 30 of these fish captured in 2009.

The estuary was visited on a monthly basis for the
observation and identification of prey species of the
sea lamprey, the identification of areas and periods of
higher abundance of prey with attached lampreys,
particularly L. aurata, and to find out the period in
which they can be observed. This provided comple-
mentary information on the role of the estuary at this
life stage of sea lamprey and further facilitated the
capture of the specimens.

Data analysis

Weight (W) (£1 g) and total length (TL) for lampreys
and furcal length (FL) for the rest of species (1 mm)
were recorded. The condition factor (CF) was calcu-
lated as 10° W (g)/TL3 (mm) (Henson et al., 2003) for
lampreys, and as 100 W (g)/FL* (cm) for the rest of
species (White & Fletcher, 1985).

For comparison of the TL, W and CF of different
groups of lampreys (transformers, PMd, PMdh, PMfr
and PMfe) the nonparametric Mann—Whitney U test
was used because the data did not conform to
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normality. Comparisons were made in total and by
months. For all analyses significance tests below 0.05
indicate significant differences. Statistical analyses
were performed using PASW Statistics 18.0 software.

Results
River
Migration

In the River Ulla PMdh were captured during their
downstream migration between October and May,
with some sporadic catches in September and June
(Fig. 2). Most of the PMdh captured in R1 (81.2%)
migrated between January and April, with a maximum
of 33.4% in March. This peak varied depending on the
year, both in the amount of PMdh and in the month in
which it occurred. On average, at the end of February
50% of the population of PMdh had already migrated.

The month in which PMdh were more abundant
was March 2005, with a total of 2,125 captured
lampreys. In this month, lampreys were captured daily
with a mean of 60 £ 12.4 ind/day (range 3-258). The
maximum number of individuals captured in 1 day
was 516, which were captured in January 2002.

Feeding and biometry

Sampling in the river allowed the capture of post-
metamorphic lampreys feeding in the river (PMfr),
particularly on S. salar, S. trutta and A. fallax
(Table 1). Observed wounds, fresh and pierced,

Individuals (%)
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Fig. 2 Monthly distribution of the percentage (mean =+ stan-
dard error) of postmetamorphic lampreys captured in the
locality R1 during their downstream migration (1997-2010)
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indicated the existence of feeding and not simply
attachment.

The biometric parameter values corresponding to
the transformers and postmetamorphic lampreys cap-
tured in the river are shown in Table 2. Significant
differences were found between the PMd and trans-
formers, with higher values for PMd in TL and W and
lower in the CF (Mann—Whitney U test, P < 0.05)
(Fig. 3). In fact, 42% of PMd showed a value of TL
higher than the maximum recorded for transformers,
16% recorded a value of W higher and 15% exceeded

the maximum values in both variables. Also, 30.2% of
PMd recorded a value of CF lower than the minimum
recorded for metamorphic lampreys.

PMdh showed also significant differences with
transformers (Fig. 4) in the TL recorded during the
months of October, April and May, in W during the
months in which PMdh were captured and in CF
during all months except May (Mann—Whitney U test,
P < 0.05). Thus, 7.1% of all captured PMdh showed a
value of TL higher than the maximum recorded for
transformers and 4.8% showed a higher weight. These

Table 1 Total or furcal length (TL, FL), weight (W) and condition factor (CF) of postmetamorphic P. marinus feeding in River Ulla

(PMfr) and their prey

Prey Capture date Locality PMfr

Species FL (mm) W (g) CF TL (mm) W (g) CF
S. salar 857 6,645 1.1 20/04/2011 R1 315 62.4 2.0
S. salar® 807 5,425 1.0 20/04/2011 R1

S. salar® 760 4,754 1.1 21/04/2011 R1

S. salar* 770 4,329 1.0 01/05/2011 R1

S. salar® 770 5,310 1.2 09/05/2011 R1

S. salar® 775 5,286 1.1 09/05/2011 R1

S. salar® 790 5,627 1.1 19/05/2011 R1

S. salar® 745 4,093 1.0 19/05/2011 R1

S. salar* 790 5,060 1.0 29/05/2011 R1

S. salar® 755 4,616 1.1 19/04/2011 R1

S. salar® 825 6,352 1.1 29/05/2011 R1

S. salar® 812 4,659 0.9 30/09/2011 R1

S. trutta (A) 510 1,497 1.1 11/04/2011 R1 196 13.4 1.8
A. fallax 422 1,100 1.5 15/04/2011 R3 172 8.3 1.6
A. fallax 422 1,100 1.5 15/04/2011 R3 149 43 1.3
A. fallax 473 1,410 1.3 26/04/2011 R3 184 10.8 1.7
A. fallax 306 398 1.4 09/05/2011 R3 178 9.2 1.6
A. fallax® 403 847 1.3 26/04/2011 R3

A. fallax® 430 822 1.0 06/06/2011 R3

A. fallax® 429 984 1.2 23/05/2011 R4

A. fallax® 490 1,265 1.1 23/05/2011 R4

S. salar Visual observation 21/01/2012 R2

S. trutta (Re) 11/03/2012 R2

S. trutta (Re) 12/03/2012 R2

S. trutta (Re) 12/03/2012 R2

S. trutta (Re) 12/03/2012 R2

S. trutta (Re) 21/03/2012 R2

S. trutta (Re) 21/03/2012 R2

For S. trutta (A) = anadromous form and (Re) = resident form
# PMfr was not captured but the wound was detected

® Scar most probably made by an adult lamprey

@ Springer



282

Hydrobiologia (2013) 700:277-286

Table 2 Total length (TL), weight (W) and condition factor
(CF) of transformers, postmetamorphic lampreys during their
downstream migration from 1997 to 2010 (PMdh) and in 2011

(PMd), postmetamorphics feeding in the river (PMfr) and
postmetamorphics feeding in the estuary (PMfe)

Group N TL (mm) W (g) CF

Transformers 74 151 £ 1.3 (125-174)* 6.2 &+ 0.15 (3.6-8.9)* 1.8 +0.02 (1.3-2.1)*
PMd 182 170 + 1.1 (132-205)° 7.1 £ 0.13 (3.6-12.4)° 1.4 4 0.01 (0.8-1.9)°
PMdh 6,842 154 + 0.2 (112-318)* 5.4 + 0.03 (2.0-51.4)° 1.4 4 0.00 (0.6-3.5)°
PMfr 6 199 + 24.1 (149-315)" 18.1 + 8.95 (4.3-62.4)¢ 1.7 4 0.09 (1.3-2.0)
PMfe 343 217 4+ 2.1 (145-338)° 21.9 + 0.65 (5.0-78.0)¢ 2.0 £ 0.01 (1.1-3.1)°

Mean =+ standard error (range). Different letters indicate significant differences between groups (Mann—Whitney U test, P < 0.05)

15 1 Max length for
transformers
13 4 *
= 111 +
-
] ] Max weight for
o 9 A o transformers
S ARG,
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Total length (mm)

Fig. 3 Total length and weight of transformers (triangle),
postmetamorphics captured during their downstream migration
in the year 2011 (circle) and postmetamorphics feeding in the
river (plus) (lamprey feeding on a salmon not included because
of its large size)

percentages increased progressively over the migra-
tion period, from 0% in October to more than 50% in
May. Interestingly, 37.1% of PMdh showed a value of
CF lower than the minimum recorded for
transformers.

Concerning the prey species, 9.0% of captured
alewives (n =8 of 89 alewives captured) were
attacked by postmetamorphic lampreys. For salmon,
4.7% of the 190 individuals captured were attacked by
postmetamorphics (n = 9) and 1.6% showed healed
wounds of adult lampreys (n = 3). Only one individ-
ual out of the 69 sea trouts captured at this point
presented postmetamorphics feeding on it.

Estuary
Migration
PMfe were observed in the Ulla estuary at least from

November to May. The distribution of PMfe through-
out the estuary was not homogenous in space, as they
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tend to concentrate in areas safeguarded from waves
such as ports, river mouths, small inlets, etc.

Postmetamorphics appear firstly on the left bank of
the estuary (zone a in enlarged area of Fig. 1) and few
months later, from February or March it is possible to
observe them on the right bank (Fig. 1, zone b). Since
April, the number of postmetamorphic lampreys
observed in the estuary decreases progressively, with
the latest lampreys observed in May. Due to tidal
movements made by L. aurata on which they feed,
lampreys move to central areas of the estuary at low
tide and to the banks and even into the rivers at high
tide. As a result, we could observe postmetamorphics
attached to L. aurata 20 km upstream from the mouth
of River Ulla (Fig. 1, zone c).

Feeding and biometry

Large amounts of postmetamorphic lampreys feeding
on L. aurata were observed from November to May of
the 4 years of study. The average TL of L. aurata
attacked by PMfe was 337 £ 4.0 mm (range
290-380 mm). The biometric parameter values cor-
responding to PMfe are shown in Table 2 and Fig. 4.
PMfe size increased exponentially between January
and April both in terms of TL (y = 142.76¢%1632~,
R*> = 0.97) and W (y = 6.152¢"4"18%, R* = 0.95). TL
increased by 60.1% and W by 279.1%. The total
length—weight relationship for PMfe adjusted very
well to a potential trend (y = 2E — 06x>°'%;
R* = 0.93).

River—estuary differences
Unlike the estuary, where many postmetamorphics

were captured feeding on their prey, in the river the
capture or observation of lampreys feeding on prey
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Fig. 4 Box plots (maximum and minimum values, lower and
upper quartiles, and median) of the total length, weight, and
condition factor for transformers captured in September 2010
(grey box), postmetamorphic lampreys captured monthly during
their downstream migration between 1997 and 2010 (white
boxes, postmetamorphics captured in September and June not
included as there were only sporadic captures) and captured
feeding in the estuary (hatched boxes)

was more difficult, with the exception of L. aurata
shoals that go into the river from the estuary.
Furthermore, the values of TL and W of PMfe and
PMdh were significantly different both in total and for
each month (Mann—Whitney U test, P < 0.05), with
higher values for PMfe (Table 2, Fig. 4).

Discussion
River
Migration

In River Ulla downstream migration occurs between
October and May, with some sporadic captures in
September and June. In France, Taverny & Elie (2009)
describe the downstream migration period between
October and March. In Ireland, it occurs between
December and June (Kelly & King, 2001) while in
Siberian rivers it is restricted to the period from late
May to July, reaching a peak in June (Hardisty &
Potter, 1971). As a result, we suggest for European
populations of sea lamprey a downstream migration
period between autumn and spring, with a delay with
increasing latitude. This period is also similar to that
described for anadromous populations of North
America (Davis, 1967; Beamish, 1980).

The downstream migration of postmetamorphics is
nocturnal and is influenced by a marked increase in
freshwater discharge (Potter, 1980). Davis (1967),
Beamish (1980) and Kelly & King (2001) describe
downstream migration with a characteristic bimodal
distribution with one peak in autumn and another in
spring. Contrastingly, the population of River Ulla
showed a unimodal distribution with a progressive
increase in the number of individuals in migration,
which usually peaks in March, although there are
important annual variations. The climatic conditions
in North America are such as to encourage this
separation of autumn and spring migrations and the
same kind of seasonal pattern also occurs in Canadian
populations (Hardisty, 2006). Whether they migrate in
autumn or wait until the following spring appears to
depend on whether the environmental stimuli, such as
increased discharge, are strong enough in autumn,
before the water temperature decreases causing a
decrease in river discharge due to the large amount of
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water that remains as snow or ice (Kelly & King, 2001;
Hardisty, 2006). It also depends on the completion of
metamorphosis, which renders the animal susceptible
to the influence of the environmental stimulus (You-
son & Potter, 1979). The milder weather with higher
temperatures recorded in our region in relation to the
other areas of study may be those which enable a more
continuous and gradual migration.

Given the moment of completion of metamorpho-
sis, which is completed between October and Novem-
ber in River Ulla (unpublished data) and the monthly
distribution of captured PMdh (Fig. 2), we estimate
that after metamorphosis, lampreys spend an average
of 3-4 months in the river before migrating into the
estuary. Despite this, the migratory period is very long,
and individuals can migrate at the end of the
metamorphosis or 6-7 months later. In fact, the only
months with no captures of postmetamorphic lam-
preys during their downstream migration were July
and August.

Feeding and biometry

There are several references in the literature on the
existence of postmetamorphics of anadromous sea
lamprey populations feeding on freshwater (Hardisty
& Potter, 1971; Potter & Beamish, 1977; Beamish,
1980; Bird et al., 1994; Maitland et al., 1994; Taverny
& Elie, 2009). However, for European populations it
had not been possible to confirm the start of this
feeding in the river, which has been usually attributed
to attacks in the estuary on preys that subsequently
enter the river (Bird et al., 1994).

In this study collected data confirm the existence
and the start of the hematophagous feeding by young
lampreys in the river. The capture and observation of
lampreys feeding on their prey, the significant differ-
ences found between postmetamorphics during their
downstream migration (PMd and PMdh) and the
transformers, as well as the finding of postmetamor-
phic individuals larger than the maximum registered
for transformers, support the existence of hematoph-
agous feeding in the river (Davis, 1967; Bird et al.,
1994). Moreover, the distance between the river
mouth and the sampling points in which the individ-
uals were observed or captured feeding (40, 30, 24 and
20 km), the fact that PMd and PMdh were captured
during their downstream migration, and the high
number of animals captured, together with the
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observation of small postmetamorphic lampreys
attached to resident S. trufta in the locality R2,
corroborate that a part of the postmetamorphic pop-
ulation starts the hematophagous feeding in the river
before migrating into the estuary, as described by
Davis (1967) and Potter & Beamish (1977) for North
American populations.

The non-feeding period during and after metamor-
phosis lasts from 4 to 10 months (Potter, 1980;
Youson, 1980) and causes a decrease in the weight
of the individual. Contrastingly, the hematophagous
feeding allows lampreys to increase their size quickly
(Beamish, 1980; Farmer, 1980). Thus, the percentages
of PMd and PMdh with values of TL and W higher
than the maximum value observed for transformers
(5-16%) give us a rough idea of the percentage of
lampreys that start the hematophagous feeding in the
river. Importantly, this percentage might be underes-
timated because the feeding time may not have been
enough to exceed the maximum value of TL or
W recorded for transformers, especially in postmeta-
morphic lampreys which endured a more prolonged
fasting. The presence of individuals that endure
several months without feeding after metamorphosis
was reflected in the high percentage of PMdh with
values of CF less than the minimum recorded for
transformers.

As a consequence, it seems reasonable to suggest
that 10-30% of postmetamorphic lampreys start their
hematophagous feeding in the river before down-
stream migration and 70-90% start it in the estuary.
For A. fallax, S. trutta and S. salar captured in the river
with attached lampreys we cannot exclude that these
individuals have been attacked by lampreys in the
estuary, as these prey species can migrate several
kilometres a day (Lucas & Baras, 2001).

The analysis of wounds in attacked fishes indicated
the existence of feeding and not a simple adhesion.
Simple adhesion could be explained if lamprey
benefited from migrating with minimum energy
expenditure (Farmer, 1980; Nichols & Hamilton,
2004). However, in our case this assumption is
meaningless because the migration direction of preys
(upstream) is opposite to the migration direction of
lampreys (downstream). As far as we know, the
observations described here provide the first evidence
that, for European sea lamprey populations, part of the
individuals start the hematophagous feeding in the
river before migrating to the estuary and to the sea.
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Concerning PMfe, the progressive increase in the
range of TL, W and CF from January to March (Fig. 4)
indicates the coexistence of small individuals newly
arrived from the river and individuals that have
already spent a certain time feeding in the estuary.
The fact that lampreys arrive earlier and in higher
numbers to the left bank of the estuary could be due to
the influence of water currents in this sector, as the
output current from the river to the sea is concentrated
mainly on this side (Grajal-Blanco, 1980).

Feeding and biometry

In the estuary, lampreys find shelter and a large source
of food that is exploited during several months (at least
from November to May). A particularly important
prey species is L. aurata, which is very abundant in
this area. Mugilidae is a cosmopolitan family which is
typical of coastal areas, with species all over the world
(Berra, 2001), and they might be a key element in the
diet of most populations of sea lamprey. As far as we
know, the observations described here provide the first
evidence that P. marinus actively feed on this family
and in particular on L. aurata.

River—estuary differences

Thus, although part of the population start feeding in
the river, the differences between PMdh and PMfe
indicate that feeding of young lampreys focuses
mainly on the estuary given the abundance of suitable
prey, particularly L. aurata. The onset of hematoph-
agous feeding in the river is expected to allow a
recovery of lost energy reserves and facilitate the
subsequent downstream migration.
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