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ABSTRACT
In a Blazka swim tunnel (length 170.0 cm; outer diameter swim-tunnel tube 28.8 cm
and an inner diameter of 19.0 cm) short-term swim experiments with groups of 120 g
eel (¼40 cm) at different swimming velocities varying from 0.25 to 3 body lengths (BL)
per second were performed. In these experiments, substrates (FFA, glucose), the stress
hormone cortisol, parameters from the ionic balance (sodium, potassium and chloride)
and lactic acid were measured in the blood plasma at 0 (control group), 0.25, 0.5, 0.75, 1,
1.5, 2.0, 2.5 and 3.0 BL/sec. It is concluded that a swimming speed up to 2 BL/sec is not
stressful for yellow eel because the ionic balance is maintained, there is no evidence for
activation of the pituitary-interrenal axis and the anaerobic metabolism is not activated.
However swimming performances above 2 BL/sec showed a dichotomous pattern: some
animals showed no changes while others showed the ‘acute stress syndrome’ resulting in
elevated cortisol levels, glucose mobilisation, ionic imbalance and lactate accumulation.
Based on these observations it can be concluded that eel-like (anguilliform) swimming is
more suitable for long term sustained swimming than for burst activity.
K E Y WORD S: acute stress-syndrome, eels, Anguilla anguilla, cortisol, optimal swimming
speed, swim-tunnel.

INTRODUCTION
In the 1960s and 1970s swimming experiments were performed with
salmon in a stream gutter (B RETT, 1965, 1967, 1973; B RETT & G LASS,
1973) with, respectively, gold sh (S MIT, 1965, S MIT et al., 1971), trout
(W EBB, 1971) and mackerel (H UNTER et al., 1971) in swim-tunnels.
Only recently the research with swim-tunnels or similar devices was continued in work on plaice (P RIEDE & H OLLIDAY , 1980), trout (J OHNSTON
*
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& M OON , 1980; Wood et al., 1983; R ISTORI & L AURENT, 1985),
salmon (V IRTANEN & F ORSMAN, 1987), Arctic charr (C HRISTIANSEN
& J OBLING, 1990) and carp (VAN D IJK et al., 1993). The latter study
for example (performed at our laboratories) demonstrated that the combination of water acidi cation and labour works synergistically (VAN D IJK
et al., 1993). Stress induction by exercise may be an interesting research
topic exclusively suitable for migrating anadromic  sh species such as
salmon, catadromic  sh species such as eel and ocean rangers such as tuna
(S MITH , 1985). The resulting physiological and endocrinological changes
observed in  sh after exposure to exercise can only be studied systematically in laboratory studies.
Limited studies on the swimming performance of eels or other anguilliform swimming teleosts are available (W EBB , 1975; M C C LEAVE,
1980; M ÜLLER et al., 1995). In particular, data at low swimming speeds
(<3Bl/sec) for eels are lacking, despite the indications that cruising speeds
at this level are preferred by this  sh species (see discussion). Earlier,
M C C LEAVE (1980) tried to obtain swimming data of elvers at speeds
of 3BL/sec or below. He did not succeed because of the characteristic
‘searching for shelter behaviour’ of eels. Recently two kinematic studies
with eels emerged, studying the pattern of undulatory locomotion in water
and on land (G ILLIS, 1998), and the changes in muscle performance between yellow and silver eels (E LLERBY et al., 2001). Little is known about
swimming performance and maximum swimming speed of yellow and silver eels. Because it recently became clear from the work of E LLERBY et
al. (2001) that there are changes in muscle performance prior to migration, we hope in future studies to extend this work with similar studies on
silver eel.
The objective of this study was to examine the swimming performance
of yellow eel at different swimming speeds in order to determine the range
of the aerobic scope. We hypothesise that at intermediary swimming velocities in the range of the aerobic scope, metabolite and ionic levels will
remain constant in the blood, but at a certain threshold there is a collapse
of the animal resulting in changes of primary and secondary stress parameters in the blood. This threshold point when anaerobic metabolism
becomes activated is not strictly de ned among animals and will depend
on factors such as respiration capacity, energy stores, and capacity for end
product elimination of individuals. Therefore, an individual variation of
the aerobic scope among animals may be expected. To test this hypothesis
we investigated in this study the sustained swimming speed (which is de ned as the swimming speed at which an animal is capable of swimming
at that speed for hours (H UNTER , 1971)) of yellow eel from a hatchery.
Short-term swim experiments with groups of 120 g eel (¼40 cm) were
performed in a Blazka swim tunnel at different swimming velocities
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varying from 0.25 to 3 body lengths (BL) sec. In order to avoid the
problems of M C C LEAVE (1980) with eels refusing to swim, the animals
were forced to swim by an electrical grid placed at the bottom end
of the tunnel. In the performed experiments, substrates (FFA, glucose),
the stress hormone cortisol, parameters from the ionic balance (sodium,
potassium and chloride) and lactate which is an indicator of activation of
the anaerobic metabolism, were measured in the blood plasma at several
levels of exercise.
In this study with yellow eel, we investigated at which swimming
velocities the animals remained energetically in homeostasis and at which
swimming velocity the aerobic scope is ended, resulting in a collapse
of the animals with elevated cortisol levels, glucose mobilisation, ionic
imbalance and lactate accumulation. Based on these observations we can
determine the sustained swimming speed of yellow eel.
MATERIAL AND METHODS
Animals
Eels were obtained from a commercial eel farm Royaal BV, Helmond, the
Netherlands. At the moment of selection,  sh were aged from 1-3 years.
In the laboratory the animals were kept for 1 month with a 14:10 lightdark cycle in running local tap-water in aquaria at 19 § 1± C and were fed
daily with Provimi pelletted food (Provimi, Rotterdam, The Netherlands).
The day before the experiment the animals were weighed, their length
was measured and they were placed in a group of six to seven animals in
the swim-tunnel, which was supplied with a fresh water supply of 20 l per
min. The mean body length of the total group, corresponding to 39:6§ 5:6
cm, was determined and was de ned as 1 body length (1 BL) while the
bodyweights were 118:2 § 15:38 g.
Blazka swim-tunnel
The Blazka swim-tunnel was calibrated with a Laser Doppler technique at
the Delft Hydraulics Laboratory, Technical University Delft. The Blazka
swim-tunnel is given in detail in  gure 1.
Experimental protocol and sampling procedure
We selected the following swimming speeds for the sustained swimming
effort for a period of 6 h: 0 (control group), 0.25, 0.5, 0.75, 1, 1.5, 2.0,
2.5 and 3.0 BL/sec. Fish were placed the evening before the day of the
swimming effort in the swim-tunnel at 19± C. After an introductory period
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Fig. 1. Blazka swim tunnels used in the experiments with yellow eel. It has a length
of 170.0 cm, an outer swim-tunnel tube diameter of 28.8 cm and an inner swim-tunnel
tube diameter of 19.0 cm. The power of the engine is 400 W while the propeller consists
of three blades of 7.5 in with a pitch of 7 in. At the top end of the swim-tunnel is a
PVC  ow conditioner with a length of 60 cm while at the propeller-end is placed a  ow
conditioner of 20 cm. The swimming compartment for the  sh is 90.0 cm. At the bottom
end of the tunnel a screen is placed of plaited silver wire of 1 mm thickness to conduct the
electrical current to stimulate the  sh to swim. The electrical current is a sinusoid with a
peak of 10 V with a frequency of 1 sec. The Blazka swim-tunnel has earlier been depicted
elsewhere ( VA N D IJ K et al., 1993b).

of about 30 min at low speed (0.2 BL/sec) the  sh were forced to swim at
the selected swimming speed for a period of 6 h. Because it is known
that eels do not swim voluntarily in swim tunnels (see M C C LEAVE,
1980), an electrical grid was placed at the bottom end of the tunnel to
stimulate the  sh to swim. After exposure to the exercise protocol, the
 sh were quickly anaesthetised with 300 PPM MS222 (3-aminobenzoicacid-ethyl-ester methanesulfonate salt, Sigma, St Louis, USA). After 3
min the anaesthetised  sh were taken out of the swim-tunnel and blood
was collected with a heparinised syringe ( ushed with 3000 units heparin
per ml blood). Above 2 BL/sec we observed that some eels showed signs
of fatigue and refused to swim. Those eels were directly removed from
the tunnel via a special entry with valve at the bottom end of the Blazka
respirometer. Thereafter, the animals were checked macroscopically for
parasites on gills and in the swim bladder, or for signs of injury or external
wounds. All animals looked healthy. Therefore, we can conclude that
according to our initial expectation (see introduction) the threshold point
when anaerobic metabolism becomes activated and the animals ultimately
collapse will show an individual variation among animals for the factors
‘swimming speed’ and period of ‘swim exercise’. Those animals which
stopped swimming were called the ‘exhausted group’ (see table 1).
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Since in the ‘exhausted group’ (except for lactate, see discussion) no
trends and/or signi cant differences were observed between the different
swimming velocities or swimming endurance periods (see table 2), data
were pooled. Because at 3.5 BL/sec all animals collapsed and stopped
swimming only data for the ‘exhausted group’ were available at this
swimming speed (tables 1 & 2).
Analytical method blood sample
In the freshly collected blood samples treated with anticoagulant, haemotocrit was measured directly in 9 ¹l whole bloodsample using a haematocrit micro-centrifuge (Bayer, FRG). Haemoglobin content in 20 ¹l
blood was detected after 3 min using the cyanmet-haemoglobin method
(Boehringer Mannheim, FRG). Blood was directly centrifuged (10,000
rpm for 5 min. The plasma was divided in eppendorf tubes (50, 40, 50,
50, 33, 33 ¹l, respectively, for cortisol, FFA, glucose, lactate and sodium,
potassium and chloride analysis) and stored at ¡80± C pending analysis.
For the glucose measurements, 50 ¹l plasma was mixed with 200 ¹l
6% trichloric acid solution to precipitate plasma proteins and stored at
¡80± C. Glucose was determined by colorimetric assay (Sigma, St Louis,
USA). Cortisol was measured by radioimmunoassay (BALM et al., 1994).
FFA was measured with a commercial test-kit WAKO (NEFA C method,
Instruchemie, Hilversum, The Netherlands). Lactic acid was determined
with an enzymatic test-combination of Boehringer Mannheim: 139084 for
L-lactate. Plasma sodium, potassium and chloride levels were measured
by  ame photometric and colorimetric procedures (Technicon) (B ALM &
P OTTINGER, 1993).
Calculations and statistics
The mean value of every group (swimming velocity) was compared to the
mean value of the control group (table 1). Mean § SD are given in the
tables. Statistics were performed using a one-way ANOVA. Comparisons
of mean squares of the ANOVA were tested using F-tests. P < 0:05
was considered as statistically signi cant. Normality of the data and
homogeneity of variances were checked by Kolmogorov-Smirnov and
Fmax tests, respectively.
RESULTS
For the groups between 0 and 3.0 BL/sec, with the exception of plasma
lactate at 1.5 and 2.0 BL/sec, no signi cant differences were observed

TABLE 1

Haematocrit
(%)
Haemoglobin
(mM)
Plasma glucose
(mM)
Plasma lactate
(mM)
Plasma cortisol
(ng/ml)
Plasma FFA
(mM)
Plasma sodium
(meq/l)
Plasma potassium
(meq/l)
Plasma chloride
(meq/l)

37.68
(4.80)
7.02
(1.30)
3.61
(1.10)
0.48
(0.08)
58
(23)
0.214
(0.107)
143.5
(15.0)
2.92
(0.60)
92.3
(17.6)

Co
(n D 6)

39.65
(4.26)
7.89
(1.10)
4.49
(1.44)
0.35
(0.07)
61
(14)
0.239
(0.016)
176.8
(17.2)
3.54
(0.60)
116.8
(15.2)

0.25
(n D 6)
40.65
(4.17)
7.24
(0.67)
4.23
(1.16)
0.39
(0.07)
81
(20)
0.363
(0.068)
131.1
(10.8)
2.60
(0.40)
89.0
(9.4)

0.5
(n D 6)
37.02
(5.62)
6.37
(0.94)
4.34
(1.24)
0.24
(0.05)
49
(34)
0.522
(0.189)
141.1
(18.4)
2.44
(0.40)
91.1
(12.0)

0.75
(n D 6)
38.58
(4.28)
6.86
(0.56)
4.30
(1.68)
0.52
(0.11)
35
(9)
0.593
(0.159)
146.4
(33.8)
2.66
(0.60)
95.5
(21.4)

1.0
(n D 7)
36.25
(5.30)
6.17
(0.57)
3.00
(1.52)
0.17 *
(0.03)
40
(16)
0.507
(0.159)
144.5
(12.0)
2.10
(0.20)
91.8
(11.6)

1.5
(n D 7)
40.53
(5.52)
6.90
(0.42)
4.28
(1.46)
0.16 *
(0.04)
81
(26)
0.283
(0.045)
158.9
(19.6)
2.88
(0.40)
100.3
(15.0)

2.0
(n D 6)
37.98
(2.17)
7.00
(0.55)
4.51
(0.93)
0.36
(0.06)
34
(24)
0.404
(0.085)
173.7
(24.8)
2.76
(0.60)
108.5
(15.4)

2.5
(n D 6)

36.33
(2.30)
6.87
(0.26)
5.57
(1.57)
0.21
(0.06)
35
(26)
0.475
(0.127)
142.5
(7.2)
2.12
(0.40)
92.1
(8.0)

3.0
(n D 6)

35.78
(3.86)
4.92
(0.92)
11.23*
(2.30)
4.13*
(1.73)
25
(19)
0.236
(0.107)
149.0
(13.2)
4.66*
(0.71)
102.8
(20.6)

Exh
(n D 8)

Parameters measured in plasma of yellow eel (Anguilla anguilla L.) in a Control group (Co), exhausted group (Exh) and at different
swimming velocities (0.25, 0.5, 1, 1.5, 2, 2.5, 3 Body Lengths (BL) per second, with 1 body length D 39:6 § 5:6 cm). The mean value
of six to eight animals is given with the standard deviation between brackets. * denotes signi cant difference (P < 0:05/ from control
group.
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Time
(min)

10
15
30
5
3
70
137
165
–
–

Animal

1
2
3
4
5
6
7
8
Mean
STD

2.5
2.5
2.5
3
3
3.5
3.5
3.5
–
–

Swimming
Speed
(BL/sec)

TABLE 2

35
42.2
36.1
32.7
41.8
31.4
34.5
32.5
35.78
3.86

Haematocrit
%
3.99
6.21
5.67
4.74
5.45
5.49
6.37
5.41
4.92
1.92

Haemoglobin
(mM)
5.59
5.99
6.24
2.48
1.71
3.35
4.75
2.92
4.13
1.73

Lactate
(mM)
10.81
13.54
14.20
9.07
9.35
6.62
14.51
8.73
11.23
2.30

Glucose
(mM)
0.253
0.133
0.266
0.375
0.129
0.152
0.426
0.156
0.236
0.107

FFA
(mM)

Overview of the composition of the exhausted group.

21.8
15.5
52.0
9.3
6.5
12.3
31.0
54.3
25.3
18.8

Cortisol
(ng/ml)

177.9
143.6
148.1
135.4
151.9
139.6
142.0
153.7
149.0
13.2

NaC
(meq/l)

5.48
5.04
4.92
3.82
3.46
4.40
5.32
4.80
4.66
0.71

KC
(meq/l)

121.2
102.5
84.1
77.9
97.5
122.8
84.1
132.5
102.8
20.6

Cl¡
(meq/l)
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with the control group for all parameters (table 1). In the 1.5 and 2.0
BL/sec groups, plasma-lactate was signi cantly lower compared to the
control group and groups up to 1.0 BL/sec. The metabolism is probably
still aerobic and in balance and the decline of plasma lactate can be
explained because lactate acts like substrate that can be used by the
exercised muscle in situ. M ILLIGAN and W OOD (1986) demonstrated that
more than 80% of lactic acid generated by the exercised muscle is retained
in the muscle mass.
So up to a swimming speed of 2 BL/sec the eels are energetically and
metabolically in equilibrium and can perform at this swimming speed
without any collapse.
Above 2 BL/sec the anaerobic metabolism becomes activated resulting
in a rise of plasma lactate. In those groups animals showed (in incidental
cases) signs of fatigue and refused to swim from which the ‘exhausted
group’ was created. It is clear that in those animals there is a collapse, the
aerobic threshold has been passed, the anaerobic metabolism activated,
and primary- (cortisol) and secondary- (glucose, lactate, potassium) stress
parameters activated.
Because there was a large individual variation in the moment of
exhaustion, the ‘exhausted group’ consisted of a pooled group of eight
animals as given in table 2. Comparison of the ‘exhausted group’ with
the control group revealed no signi cant differences for hematocrit,
hemoglobin, FFA, cortisol, NaC and Cl¡ . BALM et al. (1994) however
observed a rapid sampling-associated elevation of cortisol (BALM et al.,
1994). This was also observed in this study, giving the following cortisol
values ranking according to  sh number: 1) 6:61 § 2:78 (n D 9); 2)
47:8 § 6:9 (n D 9); 3) 50:4 § 12:1 (n D 9); 4) 70:5 § 11:8 (n D 9);
5) 73:8 § 22:1 (n D 9); 6) 60:41 § 22:6 (n D 9) (ng/ml). Therefore, it is
more accurate to compare the  rst animal of the groups for plasma cortisol
until 2 Bl/sec with the ‘exhausted group’. This gives more information
about stimulation of the pituitary interrenal axis. First the cortisol data
of ‘ rst sampled animals’ were checked with the Kolmogorov-Smirnov
test for normality. They were distributed normally (P < 0:016/. Using
this approach a strongly signi cant difference is observed between the
exhausted group (cortisol: 25:34 § 18:80 ng/ml) and the pooled group of
‘ rst sampled animals’ (cortisol: 6:61 § 2:78 ng/ml) (P < 0:003/.
G ILHAM and BAKER (1985) gave for unstressed and stressed European
eel a plasma cortisol concentration of 21.4 vs 127.6 nmol/l respectively,
which corresponds to 7.32 vs 43.6 ng/ml. Comparing our cortisol data
with those values it is clear that the cortisol plasma value of the pooled
group of ‘ rst sampled animals’ in our study corresponds with the value
of G ILHAM and BAKER (1985) for unstressed eels. However the cortisol
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value found in our exhausted group is half of the value found by those
authors in stressed eel (G ILHAM & BAKER , 1985). Despite this lower
value in our exhausted stressed group, the difference between control
(pooled group of  rst sampled animals) vs exhausted eel group in our
study is signi cantly different. In addition the rise of cortisol in the
exhausted group corresponds with 383%. Based on these plasma cortisol
values we conclude that the eels in the exhausted group were stressed by
the experimental protocol (exhaustive exercise). Furthermore signi cant
differences were observed between the control group and exhausted group
for lactate (increase 860%), glucose (increase 311%) and KC (increase
160%) (table 2). Those parameters are primarily used as secondary
indicators of stress (W ENDELAAR B ONGA, 1997).
These results are indicative that up to 2 BL/sec swimming eels are
energetically and metabolically in homeostasis. In general, the anaerobic
threshold is above 2 BL/sec. Within the selected time interval of 6 h
this leads in incidental cases to a collapse of animals with primary
and secondary stress effects. It may be clear that there is an individual
variation in the moment of this collapse. We found for individual animals
a collapse at 2.5 BL/sec after 10, 15 and 30 min, respectively, at 3
BL/sec after 3 and 5 min, and at 3.5 BL/sec after 70, 137 and 165 min,
respectively.
DISCUSSION
The most important conclusion from this study is that at intermediary
swimming velocities, within the aerobic scope, the swimming eels remain in homeostasis. Similar results were found with cannulated carp
(VAN D IJK et al., 1993a). However, beyond the aerobic scope, at a certain threshold there is a collapse of the animal, resulting in changes of
metabolite levels and ion in the blood. This threshold point when anaerobic metabolism becomes activated is not strictly de ned among animals
and will depend on the aerobic/anaerobic capacity of the animal. Therefore an individual variation of the aerobic scope among animals may be
expected in swimming speed and time of exposure before a collapse occurs. The ‘exhausted group’ is created from this pool of collapsed animals. In this respect, it can be questioned if in this way no selection is
made for the weakest, injured or parasitised animals. This is partly true.
Because we checked the animals macroscopically, injuries or parasites
can be excluded, but in this way a selection can be made for the animals with the narrowest aerobic scope and the most limited anaerobic
capacity. However, collapse of these animals all occurred above 2 BL/sec,
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which does not undermine our main conclusion that the optimal swimming speed for yellow eel from a hatchery is up to 2 BL/sec. From the
performed short-term swim experiments with eels of ¼120 g, it is concluded that a swimming speed up to 2 BL/sec is not stressful for yellow
eel because the ionic balance is maintained, there is no evidence for activation of the pituitary-interrenal axis and the anaerobic metabolism is
not activated. Above 2 BL/sec the animals showed signs of exhaustion
which can be associated with the ‘acute stress syndrome’ resulting in lactate accumulation, elevated cortisol levels, glucose mobilisation and ionic
imbalance. From studies with other  sh species it was concluded that the
50% fatigue-time during a sustained swimming effort was 4 sec (B RETT,
1967) or 3 to 4 BL/sec (B LAXTER, 1969). The energy cost and ef ciency
for eel-like swimmers may be different compared to other  sh species and
probably this type of propulsion is more suitable for long distance swimming (see further). The tremendous rise of lactate in plasma in the ‘exhausted group’ demonstrates that the metabolism became anaerobic and
that swimming was strenuous. In the ‘exhausted group’ it is characteristic that animals which at an earlier moment failed to swim and showed
the ‘acute stress syndrome’ had higher levels of plasma-lactate. Probably
the plasma-[lactate] is negatively correlated with the period of swimming.
In animals which showed a longer endurance period of activity, plasma[lactate] was lower. This observation probably can be explained because
lactate acts like substrate. More than 80% of the lactic acid generated
by the exercised muscle is retained in the muscle mass (M ILLIGAN &
W OOD, 1986).
Another characteristic of the ‘exhausted group’ is a hyperglycaemia.
This can probably be attributed to glycogenolytic effects of catecholamines on the liver (N AKANO & T OMLANSON, 1967; M AZEAUD et al.,
1977). Those hormones only play a role during burst or violent exercise
(R ISTORI & L AURENT, 1985). It is generally accepted that at a sustained
cruising speed,  sh use lipid metabolism to drive red muscle (G ORDON ,
1968; B LAXTER , 1969; B ILINSKI, 1974). However this was not re ected
in the levels of the FFA which showed no signi cant difference with
the control group at any swimming velocity, nor was there any change
in the ‘exhausted group’. Another characteristic of the ‘acute stress
syndrome’ due to exercise is an elevation of the KC plasma concentration.
This result was con rmed in a study with rainbow trout (Oncorhynchus
mykiss). In a moderate exercised group (1.5 BL/sec) potassium was
signi cantly increased from controls after 2 h of exercise until the end
of the experiment after 24 h. In this study, it was hypothesised that the
elevated plasma potassium concentrations after moderate exercise may
be the result of an ef ux of potassium from the muscle tissue caused by
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a blockage of the NaC /KC ion pumps due to a limited production of ATP
(N IELSEN et al., 1994). This hypothesis is con rmed by two observations:
a) the level of the increased potassium concentration is dependent on
the intensity level of exercise in rainbow trout (T HOMAS et al., 1987);
b) muscular contraction can induce an ef ux of potassium ions from the
myoplasma into the extracellular  uid (S JOGAARD, 1990).
A question remains regarding the cause for the swimming failure in
the exhausted group. Several mechanisms are plausible. First, the rise of
the [lactate] by 860% may interfere with muscle contractility. A second
key toxic event as proposed by W OOD et al. (1983) is an intracellular
acidosis of the intracellular compartment. With in vivo 31 P-NMR the
intracellular pH of muscle tissue can easily be determined based on the
chemical shift between creatinephosphate (PCr) and Inorganic Phosphate
(VAN DEN T HILLART et al., 1989; VAN G INNEKEN et al., 1995, 1996,
1999). In combined studies using a Blazka respirometer and a 31 P-NMR
spectrometer, carp and trout were exposed to severe exercise in a swimtunnel. The dynamics of the recovery process of energy rich compounds
and intracellular pH were followed with in vivo 31 P-NMR, while the
response of energy rich compounds were determined in different body
compartments (blood, white-, red muscle and liver) via conventional
biochemical methods. In this study, we observed a dichotomous response
of trout and carp to exhaustive exercise: 50% of the animals recovered
while 50% died. Comparing the data of the survival groups with the
mortality groups for intracellular pH and depletion of the energy stores
revealed that there was no signi cant difference for both  sh species
between survivors and non-survivors for intracellular pH which dropped
to a value around 6.6-6.7. However, the difference between the survivors
and non-survivors in depletion of energy stores was tremendous, resulting
in a near depletion of the PCr and ATP pool in the non-survivors. Based
on these observations, we concluded that the cause for  sh mortality
after extreme exercise is a depletion of energy stores and not an internal
acidosis of the muscle compartment (VAN G INNEKEN et al., 2001).
In literature, limited data on swimming performance of eels or other
anguilliform swimming teleost are available (W EBB , 1975; M C C LEAVE,
1980, M ÜLLER et al., 1995). From the scarce  eld data the optimal
swimming speed of eel can be calculated. E LLERBY et al. (2001) assumed
a 60 cm eel with a speed of 0.48 BL/sec (D0.29 m/sec), at a constant
swimming speed, would perform the distance from the European coast to
the Sargassosea (approximately 5000 km) in 28.5 weeks. This swimming
speed is extremely low for  sh because burst activity, i.e. for salmon may
correspond to 10-11 BL/sec (V IDELER, 1993). Results of this study are
also indicative that eel-like (anguilliform) swimming is more suitable for
long-term sustained swimming then for burst activity.
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In conclusion, this relatively low cruising speed of up to 2 BL/sec for
eel could be characteristic for this catadromic long distance travelier.
Perspectives
Because E LLERBY et al. (2001) demonstrated a difference in muscle
performance and properties between yellow or silver (=migratory stage)
eel stages, this study with a Blazka swim tunnel and yellow eel has to be
extended in future studies with similar experiments with silver eel.
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