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Abstract

Pikeperch (Sander lucioperca L.) is a broadly distributed fish species in Europe but little is known about its
ecology in the southern part of its distribution area in warm climatic conditions. The aim of this study was
to analyse pikeperch rate of movement and to assess whether it displayed a diel pattern related to tem-
perature. Thus acoustic telemetry was used to track adult pikeperch in a drainage canal located in south of
France. The survey was carried out in spring, during the spawning period. The results showed that females
were more active than males. This is in accordance with previous data on the nest guardian behaviour of the
males. For both genders, the activity rates increased during the study period as water temperature rose.
Males and females displayed the same diel activity with a maximum at dusk, thereby confirming many
indirect observations. Nevertheless, inter-individuals variations were observed. Thus, these results on diel
activity are rather a general trend than a strict rule and suggest the involvement of other factors than light
intensity in the control of diel activity. This diel rhythm is positively correlated to water temperature for
females. Pikeperch activity may be the result of a trade-off between physiological requirements of tem-
perature and light, satisfaction of energy needs and avoidance of predators.

Introduction

The pikeperch (Sander lucioperca L.) is a large
piscivorous Percid fish broadly distributed in
Europe. Its range extends from the Caspian Sea to
the Iberian Peninsula and from the Scandinavian
waters to the Mediterranean basin, as well as in the
United Kingdom. Nevertheless, most of the
information about its ecology and its demography
comes from the northern and the eastern parts of
its distribution area (e.g. Dahl, 1984; Nyberg

et al., 1996) where it has an important commercial
and recreational value.

Previous studies using mark-recapture methods
(Goubier, 1975; Fickling & Lee, 1985) have shown
that pikeperch could travel over relatively long
distances (10-30 km and exceptionally >200km).
Some of these movements correspond to seasonal
migrations associated with stages of its life cycle.
In early spring, adults migrate to reach spawning
areas (Lehtonen, 1983; Lehtonen & Toivonen
1988; Koed et al., 2000) which are used every year,
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revealing a spawning site fidelity (Puke, 1952;
Lehtonen & Toivonen 1988; Jepsen et al., 1999).
In autumn, when water temperature decreases,
pikeperch migrate to deeper overwintering areas
(Lind, 1977; Lehtonen, 1983). Furthermore, some
of these migrations (over 10 km) were attributed
to the search for prey fish (Lind, 1977; Lehtonen,
1983; Fickling & Lee, 1985; Koed et al., 2000).
Although the migratory behaviour of the pike-
perch is generally well understood, its diel activity
pattern is still poorly documented. Pikeperch is a
predator considered as active during crepuscular
and nocturnal periods. This was deduced from
physiological considerations (Ali et al., 1977) or
from other indirect observations (i.e. diet analysis
see Fedorova & Drozzhina, 1982). Indeed, the
pikeperch’s retina possesses a tapetum lucidum
(layer of cells reflecting and intensifying light) that
enables it to navigate in turbid waters an low light
conditions (Al et al., 1977). Studies of the stom-
ach contents at different periods of the day have
shown that pikeperch exhibited crepuscular feed-
ing patterns (Fedorova & Drozzhina, 1982). Var-
ious anecdotal observations made by anglers
generally support these results (Pollet, 1959; Lin-
field & Rickards, 1979) but some high capture
rates have also been reported in summer during
periods when the daily light intensity was highest
(Tarragnat, 2001).

However, this is all based on indirect evidence
(i.e. tagging, diet contents, angling). To our
knowledge, no studies using techniques providing
direct evidence and aiming at describing the diel
activity of pikeperch have been conducted or
published. Using radio-telemetry, Jepsen et al.
(1999) localised pikeperch every 6 h, a frequency
that is sufficient neither to highlight a diel pattern
nor to link it to environmental factors (Baras,
1998; Ovidio et al., 2000).

Our study lasted from March to June 2002 (i.e.
during the spawning period) in a drainage canal
located in the southern part of the pikeperch dis-
tribution area. We used acoustic telemetry to
investigate the activity of adult pikeperch during
the spawning period. The aim of the present paper
was (i) to assess whether pikeperch gross rate of
movement varied among month or gender and (ii)
to assess whether the pikeperch displayed a diel
activity rhythm and if so if this rhythm could be
related to temperature conditions.

Materials and methods
Study site

The study site was located in the Rhone delta,
southern France (43°34 N, 4°34 E) (Fig. 1).
The Fumemorte canal collects water from a
complex canal network spreading over 68 km?
(Chauvelon, 1998). The main channel is 14.6 km
long but if the largest tributaries are included, it
forms a 32.5 km canal network (Fig. 1). The
canal is shallow (1 m) and around 14 m wide. It
drains freshwater from marshes and rice fields
and flows into the Vaccarés lagoon. At its outlet,
the Fumemorte canal has a raisable barrier
designed to limit entrance of salt water. The
barrier being submerged; most of the mobile
aquatic organisms can move between the canal
and the lagoon (Rosecchi & Crivelli, 1995). The
Vaccares lagoon is brackish (salinity > 10 ppt),
and the salinity in the Fumemorte canal varies
from 0.1 ppt in summer to 5 ppt in winter
depending on the agricultural activities and
on the strength and direction of the wind. The
water remains highly turbid throughout the year
(Secchi depth >40 cm). The mean monthly
water temperature ranges from 6.5 °C in January
(with minima at 1.0 °C) to 23.5 °C in July (with
maximum upto 27 °C). A more detailed
description of the study site is provided in Poulet
et al. (2004).

Pikeperch is the most abundant piscivorous
fish in the Fumemorte canal. The fish commu-
nity is mainly composed of topmouth gudgeon
(Pseudorasbora  parva L.), bleak (Alburnus
alburnus L.), sand smelt (Atherina boyeri R.),
eel (Anguilla anguilla L.), crucian carp (Carassius
gibelio L.), common carp (Cyprinus carpio L.),
pumpkinseed (Lepomis gibbosus L.), mullet
(Mugil cephalus and Liza spp.), rudd (Scardinius
erythrophthalmus 1.), black bullhead (Ameiurus
melas L.), wells catfish (Silurus glanis 1L.) and
pike (Esox lucius L.). A total of 34 species
occurs in the Fumemorte basin (Crivelli,
Pers. com.).

Capture and tagging

Thirteen pikeperch were captured in the
Fumemorte canal (Table 1) with fyke nets (mesh



81

(a)

2

Vaccares
lagoon

S :

Mediterranean sea

(b)

Vaccares
lagoon

Main channel

——— Main tributaries

Secondary tributaries

Ditches

Figure 1. Study site. (a) The Rhone delta in Southern France. (b) The Fumemorte basin.

size¢ 6 mm) and gill nets (mesh size 40, 55 and and one in April. Only the latter had spawned. At
80 mm). Most of fish were captured from late this period of the year, external features allow a
January to early March, except three in late March visual determination of the gender: males exhibit a
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dark abdomen while that of females is white and
bigger (Deelder & Willemsen, 1964).

Because of the high water conductivity
(>1000 uS cm™"), we used acoustic transmitters
(Lotek CAFT 11_3,40 mm x 11 mm, 9.2 g in air,
4.5 g in water) identifiable by individual code and
operated at 76.8 kHz. Their life span was theo-
retically at least 172 days with a pulse rate of 1
beat every 5 s.

Fish were anaesthetised in a bath containing
0.5ml 17" of 2-phenoxyethanol, measured (fork
length) and weighed. Internal implantation of
transmitters was preferred to external attachment
because Koed & Thorstad, (2001) had shown that
it did not influence the swimming speed of
pikeperch and the method had been employed in
previous studies on pikeperch without any trouble
(Jepsen et al., 1999; Koed et al., 2000; Koed &
Thorstad 2001). The anaesthetised fish were placed
in a V-shaped support. The transmitters were
disinfected (Hibitan) and then surgically implanted
into the body cavity through a ventral 20 mm
incision posterior to the pelvic girdle. Antibiotic
(Duphapen LA, 0.1 ml kg™') was injected in the
body cavity to prevent post-surgery infections. The
incision was closed with three independent sutures
(Ethicon Vicryl 2/0). These sutures were absorb-
able, but should have lasted for about 1 month.
Fish were also marked with coloured spots on the
pelvic girdle using Alcian blue injected with a
dermojet. This enabled anglers to identify and
release them in case of capture. Each operation
took about 5 min and the fish were returned to an
oxygenated recovery tank. Recovery time was
about 5 to 10 min but fish were maintained one
night in observation and released the following
morning near their capture point.

Tracking

The fish were tracked from boat using a directional
hydrophone connected to a receiver (Lotek model
SRX 400). Their locations were determined
according to the signal strength. When a signal
was first received, the motor was turned off to
approach as quietly as possible. Tracking session
took place monthly from March to June over 24 h
with positions recorded every 2 h beginning at
06.00 h. The time reference was according to the
Universal Time Coordinated (UTC) that also

corresponds to the Greenwich Mean Time (GMT).
The positions were recorded using a GPS receiver.
Due to the length of the canal and the number of
tracked individuals, tracking all of them in a single
session would not have allowed a 2 h time lapse
between consecutive locations. Thus, a preliminary
survey was carried out the day before each session
in order to choose the individuals to be tracked.
Only those within a 5 km reach were tracked the
next day (even if they left this perimeter). A second
24 h session was performed 1 week later (other
tracking experiments for different purpose
occurred in this lapse of time) to track the
remaining fish. Those fish that had not been
tracked by the end of the second session were
considered missing for the month. Thus the selec-
tion of the tracked fish did not depend either on
their activity or the easiness of positioning but on
their position the day before the session. So there
was no bias leading to an underestimation of the
fish movements (Gowan et al., 1994).

Analysis

We used Mapinfo 6.5 (Mapinfo, 2000) to report
fish position on a digitised map of the
Fumemorte basin. The distance covered by a fish
between two consecutive positions (i.e. 2 h inter-
val) was assessed. This distance represented the
minimal distance covered since we did not know
if the fish swam in a straight-line. Then, the rate
of movement was calculated by dividing this
minimal distance by the time separating the two
consecutive fish positions and expressed in m h™'.
Although this method clearly underestimates fish
activity, it does provide some relevant insights
into the patterns of gross activity (Cooke et al.,
2001).

First of all, Pearson correlations were used to
assess the relationship between mean rate activity
and fish length. The distances travelled in 24 h (i.e.
for a given fish, the sum of the distances measured
between the successive positions), daily ranges (i.e.
for a given fish, the distance between the most
upstream and the most downstream positions)
and rates of movement were then compared
between months and between genders using
non-parametric tests (Mann—Whitney and Krus-
kal-Wallis tests). Diel patterns were studied
graphically using Lowess fitting. In order to assess



83

“aInfrej A19}38q 0} onp IS0 YSY 3} pue paxyoen) ysy :renbs yoerg

[eloL
I (4 4 € 14 4 4 4 01 8Pel vy [uedN
e e wifuy  50/8T €0/6T I 80 60T1 16t OLI
umouyun T0/11 70/90 W LT 8¢ 8¢ 91
umouyun T0/11 20/80 W Sl T viv 3!
umouyu) $0/9T 20/80 N €0 0S1¢ 679 34!
e e umouwyu)  £0/60  10/8T I $'1 619 06€ 8Tl
peed S0/€0 €0/cT d €0 009¢ 09 011
REuy 90/8¢ 20/80 E| 91 L9S S6¢ 96
URULIYSL] L0/60 70/90 El 80 9811 vLy 98
[ parmdesay  L0/60  T0/0T d 01126 W hL
& umouyu[) 90/¢1 20/st d €0 008T 79 €L
umouyun 90/8¢ £0/9T d 60 LSOT Ly 29
e e e B om0 To/6r I Tl 0LL ISt 0$
JuRIOWIO) T0/11 70/80 W 81 60S 98¢ 9%
90/T1 90/50 so/ce S0/ST vO/11 ¥0/¥0 €0/€1 £0/90

arep (%)

Sunyoen d1ep oner ssew
SUOISSas FuorI) | $7 e Jopug Suidde] Iopudn) ysi:3e] B)m (ww) 74  9po)

payoen yoradoyid jnpe ¢ 9yl Jo UOISSas FunorI) pue I9pudd ‘(9/) Onel IIe Ul sSew ysy/3e) JySom ‘yISud JIog ' quL



84

the link between activity and temperature,
Spearman correlations were performed between
mean rates of movement by gender and by 2 h
interval and mean temperature by 2 h interval.

Results
Tracking and survival of tagged fish

Thirteen fish were tagged (Table 1) during this
experiment. Three individuals (N°46, 156 and 162)
disappeared before the beginning of the tracking
experience. Transmitter N°46 was found in the
water beneath a great cormorant (Phalacrocorax
carbo) resting place located on the canal bank.
Fish N°156 and 162 were never found. Pikeperch
N°143 was lost in late April. Another pikeperch
(N°170) was captured by an angler in June. Fish
N°110 became stationary from mid-April until the
battery ran out. Attempts to make it move failed:
it could have died or lost its transmitter. As the
transmitter was in woody debris, we were unable
to recuperate it. The battery of N°73 ran out of
power during the June session.

All the fish have not been tracked each month
and/or in a same 24 h session. Indeed, the canal
network was very large and pikeperch did not nec-
essarily remain in the main canal (Poulet, unpub-
lished data). Thus in order to position fish every 2 h,
a maximum of four fishes per 24 h has been tracked.

Pikeperch N°74 was recaptured on 10th July: it
had a 516 mm fork length for 1370 g that is a
growth of 64 mm and 449 g since its initial capture
(20th of February). The scar due to transmitter
implantation was completely healed and hardly

visible. Pikeperch N°96 was caught by an angler
on late May 2004. Its size at this time was about
800 mm, i.e. the double of its size at the tagging
time, a year and a half earlier. The other individ-
uals were not recaptured either because their
transmitters were running out of power or because
they were located in private parts of the canal
where we did not have fishing authorisation.

Activity

There was no correlation between the mean daily
rate of movement (m h™') and the length of
pikeperch either for males (Pearson correlation,
R=-041, p=0.585 n=4) or for females
(Pearson correlation, R =0.79, p = 0.11, n = 5) or
both genders combined (Pearson correlation,
R=03, p=043, n=09). Thus, all statistical
analyses were performed on all the individuals,
regardless of the size.

The three highest daily ranges were 3410, 2917
and 2394 m performed by three different females.
For all months pooled, the daily range was larger
for females than for males (Mann—Whitney test,
U=126.5, p=0.007). Although the mean daily
range was shorter in March (Table 2), there was
no difference between months regardless of the
gender (Kruskal-Wallis Test, p = 0.460).

The three highest distances travelled in 24 h
were 7561, 5284 and 4945 m, corresponding to the
three females having the largest daily home ranges.
Fifty-four percent of the daily distances travelled
were over 1000 m and 33% over 2000 m. Both
daily range and distance travelled displayed high
standard variation suggesting an important indi-
vidual variability (Table 2).

Table 2. Mean (£ standard deviation) of daily range (DR, m) and daily distance travelled (DT, m) of pikeperch in the Fumemorte

canal among genders and months

Month Gender Nb. of pikeperch tracked DR DT

March Male 3 168 + 116 313 £+ 155
Female 3 905 + 1111 1769 + 749

April Male 4 547 £ 852 954 + 1416
Female 4 2010 £ 1111 3932 + 3020

May Male 3 426 + 450 1476 + 1626
Female 4 1531 + 1077 2820 + 1674

June Male 2 598 + 554 1104 + 685
Female 1 22 53




The highest rate of movement recorded in a 2-h
interval was 2640 m h™' moved by a female in
March. This speed represents 1.62 body lengths
per second (bl s™"). All the other rates of move-
ment recorded were below 775 m h™'. The highest
movement was an outlier and therefore excluded
from further analysis. During the study, the daily
mean water temperature increased from 8.6 to
25.7 °C (Fig. 2). The males significantly increased
their rate of movement from March to June
whereas females displayed more constant rate
apart from June (Table 3, Fig. 3). Within each
month, males exhibited a lower rate of movement
than females except in June (Table 4, Fig. 3).

Diel pattern
An important individual variability in the diel

pattern was observed (Fig. 4). For example, fish
N°86 moved preferentially in the morning

30
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whereas N°74 and 128 were mostly active at
dusk. All of the males have remained still during
at least one whole session. Several individuals,
both males and females, displayed similar diel
patterns among months when they were moving
(N°73, 74 and 86). Conversely, pikeperch N°50,
for example, displayed diurnal activity in April
and May but later shifted to activity peaks in the
morning and early night. Water temperature was
significantly correlated to the diel activity for
female (n =11, R=0.62, p =0.04) but not for
males (n =11, R=10.28, p =0.52) (Fig. 5).

Discussion

Tracking protocol

From the 13 fish tagged initially, nine were suc-
cessfully tracked. One of these pikeperch has

25
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15
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Water temperature (°C)

0

March April

May June

Figure 2. Water temperature in the Fumemorte canal basin within the study period. The shaded parts indicate the tracking sessions.

Table 3. Pairwise comparisons of the rate of movement between months for both gender using Mann—Whitney test

Gender Males Females

Month March April May June March April May June
March 688.5 373.5 189.5 544.0 560.0 70.0
April ns 570.5 308.5 ns 961.0 85.0
May * ns 337.5 ns ns 102.0
June ®% * ns ®% *% *

U values are above the diagonal and p values below.
*p < 0.05; ** p < 0.01; ns: not significant.
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Figure 3. Pikeperch mean rate of movement (+1 standard deviation) from March to June in the Fumemorte canal.

Table 4. Pairwise comparisons of the rate of movement between
genders for each month using Mann—Whitney test

Month U )4
March 313.5 woE
April 554.0 ok
May 575.0 ns
June 30.0 ok

*p < 0.05; **p < 0.01 ns: not significant.

73F  74F  86F  96F

probably been predated by a great cormorant,
which is not surprising since it is able to swallow
an adult pikeperch (Santoul et al., 2004). Indeed,
many of our marked pikeperch displayed scars
obviously caused by these birds. The fate of the
three other missing tagged fish remained
unknown. During and after the study, two pike-
perch were caught by anglers and one by a fish-
erman: this gives some indications on the
predators of pikeperch in the Fumemorte canal
and on the disappearance of the other tagged
fishes.

Individuals

110 F 50 M 128 M 143 M 170 M

March

°
o
ﬁo

800
600

200

0
800

00

April

600

200

0
800

Month

May

5
,wf\
1 c
) 5
, .
S -2 N °
T
. .
o
b
g
A

600
° 400
200

0
800

June

Rate of movement (m.h™")

600
400

/ 200
4 % = 0

7 1 23 7 15 283 7 15 23 7 15 23 7 15 23 7 15 283 7 15 23 7 15 23 7 15 23

Hours (UTC)

Figure 4. Rate of movement (m s™') of each tracked pikeperch (number and gender are indicated with M for male and F for female)
during each 24 h session fitted according a lowess curve. The shaded parts represent low light periods.
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Figure 5. Diel pattern of hourly mean (+standard deviation) rate of movement (m s~ ') of male and female pikeperch and mean of

water temperature (°C).

In our study, the tag to body mass ratios were
close to the values of former successful studies
on this species which did not show any trouble
(Jepsen et al., 1999; Koed & Thorstad, 2001;
Jepsen, 2003). The two individuals recaptured
after 4 and 29 months displayed a growth in
accordance with previous results for this popula-
tion (Poulet et al., 2004) which confirms that
pikeperch have well bear the transmitter implan-
tation.

General behaviour

In the Fumemorte canal, pikeperch can move over
quite long distances in 24 h: the majority of the
observations were over 1 km with a maximum of
7.5 km. Comparison with the daily distance trav-
elled in spring and in similar water temperature by
female shows it is higher (over 3.5 km) in the
Fumemorte canal than in the Bygholm reservoir
(Jepsen et al., 1999) or in the River Gudenaa (Koed
et al., 2000) (both 2 km) in Denmark. This could
reflect a difference in the tracking protocol. Preci-
sion of positioning differed according the method
and the frequency of positioning could have a major
influence on the estimation of the distance travelled
(Baras, 1998; Ovidio et al., 2000). When calculating
the daily distance travelled on a 6-h interval basis,
we found that females travel on average 2.7 km
which is not so different from the results of Jepsen

et al. (1999) and Koed et al. (2000). Overall, our
results suggest that the pikeperch is able to exploit a
large part of the Fumemorte network.

Although pikeperch is a slow swimmer like the
majority of Percids (Craig, 2000; Peake et al.,
2000) we observed some fast movement
(1.6 bl s7'). On a 6 h-interval basis, our fastest
movement becomes 0.28 bl s~ and the second
fastest movement, 0.16 bl s™! which is in the same
range than the results of Jepsen et al. (1999). With
an interval of 0.5 h, we might have found values as
high as those found by Kelso (1976) for walleye
(i.e. upto 3 bl s71).

Unlike in Jepsen et al. (1999), neither the mean
rate of movements nor the mean daily range were
significantly correlated to fish length. However, as
far as females are concerned, the relationship
between length and rate of movement displayed a
high (R=0.79) but not significant correlation
coefficient due to the low size of the sample (n = 5).
Thus the absence of significant correlation on the
whole sample can be explained by the fact that our
study was performed during the spawning period
when males are less active whatever their size.

Spring activity
In March and April, males displayed a signifi-

cantly lower rate of movement and daily range
than females. This is consistent with the spawning
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behaviour previously described (Jepsen et al.,
1999; Koed et al., 2000). The male prepares the
nest and takes care of the eggs and the young fry
(Sonesten, 1991; Craig, 2000). In this nest guarding
species, although the male is less mobile, it also
spends energy since parental care is costly (Cooke
et al., 2002). Indeed, the males have less
opportunity to feed when guarding the nest
(Goncalves & Almada, 1997). On the contrary, the
females spend very little time on the nest (Erm,
1981; Lappalainen et al., 2003) but invest much
energy in vitellogenesis since the species displays a
high fecundity (about 200 000 eggs kg™').
Consequently, high female activities during the
spawning period could respond to an increase in
the food needs (Schlumberger & Proteau, 1996;
Jepsen et al., 2000) in order to maintain energetic
reserves and ensure metabolic functions.

The activity of both genders increased from
March to May as the water temperature rose and
day length increased. Indeed, water temperature in
the Fumemorte canal had still not reached 27 °C,
i.e. the physiological optimum temperature for
pikeperch (Hokanson, 1977) by the end of the study
in May. Therefore, we could assume that the activity
will increase until the water temperature is around
27 °C. This positive relationship between tempera-
ture and pikeperch activity is consistent with
previous results obtained on an annual scale (Jepsen
et al., 1999; Koed et al., 2000). Nevertheless, rate of
movement seemed to stabilise or even decrease in
June. This suggests that other factors (e.g. dissolved
oxygen) influence the activity before temperature
reach pikeperch optimum. Nevertheless, too few
fish have been tracked in June to be affirmative.

Diel activity

Pikeperch displayed a diel activity rhythm in the
Fumemorte canal during spring. Nevertheless this
diel activity was more obvious for females than
for males, most of them being stationary on the
nests. Our direct observations showed that during
the spawning period pikeperch were mainly cre-
puscular, which is consistent with its status of
low-light hunter (Ali et al., 1977) and confirmed
the many indirect observations suggesting activity
peaks during the dark hours (Fedorova &
Dorzzhina, 1982; Craig, 2000). We also observed
inter-individual variations: some pikeperch were

rather diurnal, which has already been observed
(Jepsen et al., 1999; Tarragnat, 2001). Hence, the
maximum activity at dusk is rather a general
trend than a strict rule. These results suggest the
involvement of other factors than light intensity
in the control of the activity rates. We showed
that temperature was an important factor driving
female diel activity. Water temperature plays
a major role in swimming speed of fish
(Hergenrader & Hasler, 1967) and as the water
temperature in spring was below the pikeperch
physiological optimum, perhaps this explains why
pikeperch moved more during the warmest hours.
Like many predators, pikeperch may adapt its
behaviour to increase the probability of meeting
its prey (e.g. Jepsen et al., 2000). The peak of
water temperature occurs at dusk and most fish
activity depends on temperature. Fish behaviour
may also depend on predator avoidance
(Metcalfe et al., 1999). The Rhone delta is an
important wintering or nesting area for many
piscivorous birds and this may influence fish
behaviour (e.g. Allouche & Gaudin, 2001). As the
Great Cormorant is diurnal (Cramp & Simmons,
1980), it could be less risky for pikeperch to move
during the dark hours.

To conclude, in the Fumemorte canal, the
rate of movement increased from March to May,
with the females being more active than the
males, travelling over quite long distances in
24 h. Both sexes displayed the same diel activity
pattern between months with a maximum activ-
ity at dusk and a minimum at dawn. The diel
rhythm of pikeperch may be driven by the trade-
off between its physiological requirements of
temperature and light, satisfying its energy needs
and avoiding predators. The influence of these
factors in the overall behavioural patterns of
pikeperch could be assessed with telemetry
experiment performed in controlled conditions
(e.g. with or without predator) and using elec-
tromyogram (EMG) transmitters to quantify the
activity (Cooke et al., 2004).

Acknowledgements
We thank all the people who helped us during the

tracking sessions and in particular: Madeleine
Sagliocco, Augustin Luxin, Olivier Schlumberger,



Martial Derivaz and Yoann Perrot. Many thanks
to Alain J. Crivelli for providing field facilities and
to Philippe Chauvelon for providing us with
environmental variables and to Marc Pichaud for
his help on Maplnfo. Special thanks to Pascal Irz,
Rodolphe E. Gozlan, Jyrki Lappalainen and the
two anonymous referees for their helpful com-
ments on earlier drafts of the manuscript.

References

Ali, M. A., R. A. Ryder & M. Anctil, 1977. Photoreceptors and
visual pigments as related to behavioural responses and
preferred habitats of perches (Perca spp.) and pikeperches
(Stizostedion spp.). Journal of the Fisheries Research Board
of Canada 34: 1475-1480.

Allouche, S. & P. Gaudin, 2001. Effects of avian predation
threat, water flow and cover on growth and habitat use by
chub, Leuciscus cephalus, in an experimental stream. Oikos
94: 481-492.

Baras, E., 1998. Selection of optimal positioning intervals in fish
tracking: an experimental study on Barbus barbus. Hydro-
biologia 372: 19-28.

Cooke, S. J., C. M. Bunt, J. F. Schreer & D. H. Wahl, 2001.
Comparison of several techniques for mobility and activity
estimates of smallmouth bass in lentic environments. Journal
of Fish Biology 58: 573-587.

Cooke, S. J., D. P. Philipp & P. J. Weatherhead, 2002. Parental
care patterns and energetics of smallmouth bass (Micropterus
dolomieu) and largemouth bass (Micropterus salmoides)
monitored with activity transmitters. Canadian Journal of
Zoology 80: 756-770.

Cooke, S. J., E. B. Thorstad & S. G. Hinch, 2004. Activity and
energetics of free-swimming fish: insights from electromyo-
gram telemetry. Fish and Fisheries 5: 21-52.

Craig, J., 2000. Percid Fishes: Systematics, Ecology and
Exploitation. Blackwell Science, Oxford, 352 pp.

Cramp, S. & K. E. L. Simmons, 1980. The Birds of the Western
Paleartic. University Press, Oxford.

Dahl, J., 1984. A century of Pikeperch in Denmark. EIFAC
Technical Paper, Suppl. 2: 344-352.

Deelder, C. & J. Willemsen, 1964. Synopsis of Biological Data
on Pike-Perch Lucioperca lucioperca (Linnaeus 1758). Rome,
52 pp.

Erm, V., 1981. Koha. Valgus, Tallinn, 128 pp.

Fedorova, G. V. & K. S. Drozzhina, 1982. Daily feeding
rhythm of pike-perch, Stizostedion lucioperca, and perch,
Perca fluviatilis, from Lake Ladoga. Journal of Ichthyology
22: 52-60.

Fickling, N. J. & R. L. G. Lee, 1985. A study of the movements
of the zander, Lucioperca lucioperca L., population of two
lowland fisheries. Aquaculture and Fisheries Management
16: 377-393.

Goncalves, E. J. & V. C. Almada, 1997. Sex differences in
resource utilization by the peacock blenny. Journal of Fish
Biology 51: 624-633.

89

Goubier, J., 1975. Biogéographie, biométrie et biologie du
Sandre, Stizostedion lucioperca (L.), Osteichthyen, Percidé.
University Lyon-I: 259.

Gowan, C., M. K. Young, K. D. Fausch & S. C. Riley, 1994.
Restricted movement in resident stream Salmonids — a
paradigm lost. Canadian Journal of Fisheries and Aquatic
Sciences 51: 2626-2637.

Hergenrader, G. L. & A. D. Hasler, 1967. Seasonal changes in
swimming rates of yellow perch in lake Mendota as mea-
sured by sonar. Transactions of the American Fisheries
Society 96: 373-382.

Hokanson, K. E. F., 1977. Temperature requirements of some
percids and adaptations to the seasonal temperature cycle.
Journal of the Fisheries Research Board of Canada 34:
1524-1550.

Jepsen, N., 2003. Long-term retention of surgically implanted
radio transmitters in pikeperch. Journal of Fish Biology 63:
260-262.

Jepsen, N., A. Koed & F. Okland, 1999. The movements of
pikeperch in a shallow reservoir. Journal of Fish Biology 54:
1083-1093.

Jepsen, N., S. Pedersen & E. Thorstad, 2000. Behavioural
interactions between prey (trout smolts) and predators (pike
and pikeperch) in an impounded river. Regulated Rivers:
Research & Management 16: 189-198.

Kelso, J. M. R., 1976. Diel movement of walleye, Stizostedion
vitreum, in West Blue Lake, Manitoba, as determined by
ultrasonic tracking. Journal of the Fisheries Research Board
of Canada 33: 2070-2072.

Koed, A., P. Mejlhede, K. Balleby & K. Aarestrup, 2000.
Annual movement and migration of adult pikeperch in a
lowland river. Journal of Fish Biology 57: 1266—1279.

Koed, A. & E. B. Thorstad, 2001. Long-term effect of radio-
tagging on the swimming performance of pikeperch. Journal
of Fish Biology 58: 1753-1756.

Lappalainen, J., H. Dérner & K. Wysujack, 2003. Reproduc-
tion biology of pikeperch (Sander lucioperca (L.)) — a review.
Ecology of Freshwater Fish 12: 95-106.

Lehtonen, H., 1983. Stocks of pike-perch (Stizostedion lucioperca
L.) and their management in the Archipelago Sea and the Gulf
of Finland. Finnish Fisheries Research 5: 1-16.

Lehtonen, H. & J. Toivonen, 1988. Migration of pike-perch,
Stizostedion lucioperca (L.), in different coastal waters in the
Baltic Sea. Finnish Fisheries Research 7: 24-30.

Lind, E. A., 1977. A review of pikeperch (Stizostedion lucioperca),
Eurasian perch (Perca fluviatilis), and ruffe (Gymnocephalus
cernua) in Finland. Journal of the Fisheries Research Board of
Canada 34: 1684-1695.

Linfield, R. S. J. & R. B. Rickards, 1979. The zander in
perspective. Fisheries Management 10: 1-16.

Mapinfo, 2000. Mapinfo R Software. Mapinfo Corporation,
New York.

Metcalfe, N. B., N. H. C. Fraser & M. D. Burns, 1999. Food
availability and the nocturnal vs. diurnal foraging trade-off
in juvenile salmon. Journal of Animal Ecology 68: 371-381.

Nyberg, P., E. Degerman & B. Sers, 1996. Survival after catch
in trap-nets, movements and growth of the pikeperch
(Stizostedion lucioperca) in Lake Hjaelmaren, central
Sweden. Annales Zoologici Fennici 33: 569-575.



90

Ovidio, M., J. C. Philippart & E. Baras, 2000. Methodological
bias in home range and mobility estimates when locating
radio-tagged trout, Salmo trutta, at different time intervals.
Aquatic Living Resources 13: 449-454.

Peake, S., R. S. McKinley & D. A. Scruton, 2000. Swimming
performance of walleye (Stizostedion vitreum). Canadian
Journal of Zoology 78: 1686-1690.

Pollet, M., 1959. Poisson Royal, le Sandre. Paris, 119 pp.

Poulet, N., S. Forgeois, A. J. Crivelli, S. Lek & C. Argillier, 2004.
Life history traits of the pikeperch (Sander lucioperca L.) in the
southern outskirt of its distribution area. In Barry, T. P. &
J. A. Malison (eds), Proceedings of Percis III: The Third
International Percid Fish Symposium. University of
Wisconsin Sea Grant Institute, Madison, Wi.

Puke, C., 1952. Pike-perch studies in Lake Vidnern. Report of the
Institute of Freshwater Research, Drottningholm 3: 168-178.

Rosecchi, E. & A. J. Crivelli, 1995. Sand smelt (Atherina boyeri)
migration within the water system of the Camargue,
Southern France. Hydrobiologia 301: 289-298.

Santoul, F., J.-B. Hougas, A. J. Green & S. Mastrorillo, 2004.
Diet of great cormorants Phalacrocorax carbosinensis
wintering in Malause (South-West France). Archiv fiir
hydrobiologie 160: 281-287.

Schlumberger, O. & J. -P. Proteau, 1996. Reproduction of pike-
perch (Stizostedion lucioperca) in captivity. Journal of
Applied Ichthyology 12: 149-152.

Sonesten, L., 1991. The biology of pikeperch —a literature review.
Information fran Sotvattens-laboratoriet Drottningholm 1:
68-71.

Tarragnat, M., 2001. Pécher le sandre en surface. La péche
et les poissons: 51-57.



