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ABsTrRACT. The total body energy stores of European silver eel (Anguilla
anguilla L.) at the start of migration is sufficient to fulfill all biological
activities which begin with active migrations. We used a slightly modified
model to evaluate the energy budget of eel during gonadal development,
migration and spawning.

Lipid and protein are the main energy components of eel body; lipid
is the principal source and protein represents the second source of energy.
Lipid energy, as a percentage of total energy, was 58.2 for male and 67.9
for female yellow eels. These values were smaller than those calculated for
male (76.3) and female silver eels (80.1).

Lipid energy of immature testes amounted to 72.5%, while immature
ovaries contained 83.9%. Further gonadal development showed an
increase in lipid energy up 80.3% at time of formation of spermatozoa in
the ripe male and 86.4% at the time of ripe ova in the female ovary.

About 25.1% and 20.3% of the total energy expenditure seemed to
be utilized in oogenesis and spermatogenesis, respectively. Approximate-
ly 17.1 and 15.8% of total energy was utilized for ovulation and
spermiation, respectively. During migration and simultaneous routine
metabolism (Eg) about 35.7 and 34.2% of the total energy was utilized by
female and male silver eels, respectively. The energy of routine
metabolism was higher in male than in female silver eel, with values of
9.6% and 6.0%, respectively.

Spawning migration and gonadal development by migrating silver eel (Anguilla
anguilla L.) requires endogenous reserve sources of energy, since during migration
the eels are totally fasting.
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There is no conflict that prior to migrating, the silver eel is a fatty fish (Love
1970, Amin 1984). Deposition of fat takes place in most of the organs (Amin
1984). Lipid and protein are considered as major sources of energy for migration
and gonadal development (Boetius and Boetius 1980).

For the study of energy cost during the starved migration of silver eel, several
varying parameters such as temperature, distance, swimming speed and oxygen
consumption, are prerequisites. Davidson (1949) reported that the swimming
speed increases with current rate, and the eels 7 cm long swimming almost twice as
rapidly as salmon 3.5 cm long. Brett et al. (1958) demonstrated that the optimum
cruising speeds occured at 15°C, for sockeye and at 20°C for coho, maximum
sustained levels fell mainly between 30 and 45 cm per second. Brett (1964)
reported that the greatest scope for activity of young sockeye salmon occured at
15°C with an average active metabolic rate of 895 mg O,/kg/h for a swimming
speed of 4.1 body lengths per second, just maintained for 1 hr. Above 15°C active
metabolism was limited, apparently by oxygen availability. Ellis (1966) recorded
that swimming speeds for salmon based on water velocity, the range of sustained
swimming speeds usually exhibited was 0.9-1.7 body lengths L/sec (1.75-3.18
ft/sec) for both sockeye and coho. The maxima in these ranges agree with the
values obtained earlier at 1.7 body lengths L/sec (3.4 ft/sec). Yuen (1966) observed
that, swimming speeds of tunas ranged from 0.5 to 14.4 body lengths per second
(0.3 to 6.9 m per second).

Unpublished data of Holmberg and Sainders, from Schmidt-Neilson (1972),
showed that the energy cost of locomotion of yellow eel (mean weight, 238 g) and
silver eel (mean weight, 248 g) ranged from 0.329 to 0.417 cal/g/km at a swimming
speed ranging from 35 to 65 cm/sec. Galaktionov (1978) reported that the
swimming speed of silver eel, during its migration in the Kurisk Bay, ranged from
0.8 to 0.9 km/h. Boetius and Boetius (1985) reported that during starvation of
male silver eels, calculations of energy loss from lipid or protein (cal/kg/day)
showed that the two energy reserves are mobilized in such a way that they
contribute almost equally to the total metabolism. During the entire period of
starvation the energy released from lipid surpasses that of protein.

The present study was undertaken to assess the amount of energy required for
migration and sexual development of migrating male and female silver eels.

Materials and Methods

A total of 100 live specimens each of yellow eels (not ready for the current
spawning migration) and silver eels (ready for the current spawning migration)



http:1.75-3.18

Estimation of Energy Budget for Gonadal... 131

were taken from the commercial catch in lake Edku (northern Egypt) during the
period August, 1986 to March, 1987. Induction of gonad maturation was carried
out on 30 silver eels, using human chorionic gonadotropin hormone (HCG) and
carp pituitary injections to induce their gonad maturation (Fontaine et al. 1964,
Yamamoto et al. 1974, Kokhnenko et al. 1977, Boetius and Boetius 1980, Amin
1986, 1988). These treated specimens were also used after attaining a certain stage
of induced gonadal maturation.

Contents of water, lipid, protein and ash in the muscles, liver, skin, intestine,
bones (vertebrae) and gonads were determined. Seventy fresh samples of the
organs were weighed and dried at 80°C to a constant weight before being ground.
A solvent mixture of chloroform-ethanol (2:1) was used for fat extraction by
Soxhselt apparatus. Nitrogen was determined by the Kjeldahl technique and
derived values were multiplied by 6.025 to provide protein content. Ash was
determined by ignition of dried samples in an electric muffle furnace at 600°C.

Total energy content of fish bodies was defined as the sum of lipid and protein
energies. Energy content of lipid and protein were calculated using factors of 38.9
x 10° J/g and 17.2 x 10 J/g, respectively, for converting lipid and protein into
Joules (J). The model of Boetius and Boetius (1980) expressing such energies was
adopted:

Er
Ey is the eel’s total amount of energy at the start of the experiment.
Eg

EG + ELOSS + Es + Ewn , where

—

s the energy stored in the gonads during the experiment.

—

E| o is the energy lost during the experiment.

Es is the energy residue in the eel’s spent body after having spawned in the
breeding area.

Ewm; is the energy left available for migration activities at the end of experiment.

Oxygen consumption was determined at 15 and 26°C in a respiration
apparatus as described by Jones (1947) to estimate the energy of routine
metabolism (Er) of male and female silver eels.

Results

I1—-Biochemical analysis of body

Lipid contents in the body of both male and female increased gradually in
yellow eel and sharply in silver eel (Table 1). Protein and ash, on the other hand,




Table 1. Initial composition in whole eels and utilization of their main biochemical components

Percentage composition Avg. lip energy
Avg. body Avg. body Avg. total in percent of
length weight water lipid protein ash residue energy total energy
Sex

cm | moving g moving [ w | moving 1 moving | p moving a moving r moving | J/kg | moving | % | moving
avg. avg, avg. avg. avg. avg. avg. avg. avg.

yellow & 20.0 20.0 69.0 10.0 18.5 1.01 4.0 7.08 54.90
yellow & 220 | 21.0 250 225 67.5 | 682 [10.5 | 10.2 [ 19.1 | 188 | L.1I | 1.06 | 4.5 4.2 7.38 1 7.59 | 55.42| 55.16
yellow & 240 | 23.0 | 260 255 654 | 66.4 | 108 | 106 [ 195 ] 193 | 1.05 | 1.08 | 4.3 4.4 7.55 | 7.47 | 55.63 | 55.53
yellow & 260 | 250 | 31.0| 285 63.0 | 64.2 | 1357 12.1 | 201 ] 19.8 | 1.07 | 1.06 | 5.1 5.0, 872 | 8.14 ] 6021 | 57.92
yellow & 28.0 | 27.0 330 320 63.0 | 63.0 [ 14.1 | 13.8 | 20.0 | 20.0 | 1.05 | 1.06 5.0 5.0 8.92 | 8.82| 61.43| 60.82
yellow & 30.0 | 29.0 350 ( 340 57.1 | 60.0 | 143 | 142 [ 20.1 | 20.0 | 1.10 | 1.08 [ 5.0 5.0 9.02 | 897 | 61.64| 61.54
yellow @ 30.0 | 30.0 400} 375 57.2 | S7.1 | 16.1 | 152 | 20.0 [ 200 | 1.1l | L.tt 5.3 5.1 9.66 [ 9.34 | 64.39 [ 63.02
yellow @ 320 | 31.0 | 48.0 | 44.0| S8.7 | S7.9 | 188 | 174 [ 205 | 202 | L.11 | 1.11 5.5 54 | 10.84 | 10.25 | 67.44| 65.92
yellow Q 340 [ 33.0 | S0.0| 49.0 | 58.0 [ 583 [ 185 | 186 [ 20.0 [ 202 | 1.0l | 106 [ 4.9 5.2 | 10.64 [ 10.74 | 67.67 [ 67.56
yellow @ 36.0 | 350 | 66.0| 580 | S5.5| S6.7 (235 | 21.0 [ 205 | 202 | 1.07 | 1.04 5.3 5.1 12.67 | 11.66 | 72.14 | 69.91
silver & 36.0 | 36.0 86.0 | 76.0 | 46.4 | 509 | 286 | 260 | 206 | 205 | 1.I8 | L.13 | 49 5.1 | 14.67 | 13.67 | 75.87 | 74.01
silver 380 | 37.0 |107.0 | 96.0 | 456 | 460 |[28.6 [ 28.6 [ 205 205 | 1.16 | 1.17 | 4.6 4.7 | 14.66 | 14.67 | 75.92 | 75.90
silver 40.0 | 39.0 |110.0 | 108.0 | 46.0 | 458 |[28.5 | 285 | 204 [ 204 | 1.16 | 1.16 | 4.5 4.5 | 14.59 | 14.63 | 75.94 | 75.93
silver & 420 | 41.0 |139.0 | 1245 449 | 454 1295 | 29.0 | 199 [ 20.1 | 1.1S | LI5S 5.0 4.7 | 1490 | 14.75 [ 77.05 | 76.50
silver & 44.0 | 43.0 [142.0 | 1405 | 450 | 449 (290 | 29.2 | 19.8 | 19.8 | 1.13 | 114 | 5.0 5.0 | 14.69 | 14.80 | 76.79 | 76.92
silver Q@ 54.0 | 49.0 [326.0 | 234.0 | 40.5 | 42.7 |33.0 | 31.0 [ 200 [ 200 | 1.14 | 1.14 5.4 5.2 [ 16.28 [ 15.49 | 78.87 | 77.83
silver @ 58.0 | 56.0 |350.0 | 338.0 | 41.0 | 40.7 |33.0 | 33.0 | 200 | 20.0 | 1.IS | 1.15 | 5.5 5.4 | 1628 | 16.28 | 78.87 | 78.87
silver @ 68.0 | 63.0 [600.0|475.0 | 42.4 | 41.7 | 345 | 33.7 | 19.6 | 19.8 | 1.13 | 1.14 5.8 5.6 | 16.71 | 16.50 [ 79.83 [ 79.35
silver Q 70.0 | 69.0 [800.0 | 700.0 | 41.0 | 40.5 [34.8 | 346 | 19.0 | 193 | 113 [ 1.13 | 6.0 59 | 16.69 | 16.70 | 80.41 ( 80.12
silver Q 7201 71.0 |650.0 | 720.0 [ 40.0 | 40.5 [343 [ 345 | 19.0 | 19.0 | 111 | 112 | 59 5.9 | 16.61 | 16.65 | 80.31| 80.36
silver @ 740 { 73.0 |850.0 | 745.0 | 41.1 | 40.5 | 345 | 344 | 190 | 19.0 | 112 | LI12 | 5.7 5.8 | 16.69 | 16.65 | 80.41| 80.36
silver @ 76.0 | 75.0 |824.0 | 837.0 | 40.0 | 40.5 |33.5 | 340 | 188 | 189 | L.11 | 112 | 5.5 5.6 | 16.26 | 16.48 | 80.14] 80.28
sitver Q 78.0 { 77.0 |1060.0 | 942.0 | 40.0 | 40.0 |[33.8 | 33.6 | 185 | 186 | L1l [ LI1 5.6 5.5 | 16.33 | 16.30 | 80.53| 80.34

[49}

uy CINH




Estimation of Encrgy Budget for Gonadal... 133

were deposited at the same rate. Percentage of the remainder (R) varied from 4 to
6 with an average of 5.1.

The calculated total energy of male yellow eel ranged from 7.08 x 10° to 9.02
X 10° J/kg with an average of 8.11 X 10° J/kg. The average total energy of male
silver eel was extremely higher than that of male yellow eel (8.11 x 10°) and
amouned to 14.70 x 10° J/kg. The average percentage lipid energy of the total
energy increased from 58.2 to 76.3, while average percentage protein energy of the
total energy decreased from 41.3 to 23.7.

Female yellow eel was found to contain a total energy content of 10.95 x 10°
J/kg, whereas the female silver eel contained 16.51 x 10° J/kg. The average lipid
energy as a percentage of the average total energy was 67.9% in the female yellow
eel and 80.1% in the female silver eel. The protein energy as a percentage of the
total energy was higher in the female yellow eel (32.1) than in the female silver eel
(19.9).

The percentages of lipid derived from muscles and liver of silver male eel
were previously estimated as 72.2 and 27.7 respectively, whereas the contribution
of lipid in females was mainly comming from muscles which contributed 76.4%,
whereas liver contributed 23.7 (Amin 1984).

In Fig. (1), it was obvious that the lipid energy started to be formed when the
eel was still yellow and increased with the initiation of the spawning migration.
Silver males were found to attain their maximum lipid energy at smaller lengths
than females.

In Fig. (2), lipid and water contents are represented. Similar contents are
often found in fatty fish. Accumulation of lipid is mainly in the muscles of eel
(Love 1970, Amin 1984).

II—The total energy budget for maturation, migration and spawning

A — Male silver eel

The accumulated energy (J/kg) during the period of successive induction of
the male silver eel differed with the degree of testicular development (Table 2).
The total energy of the body was estimated to be 16.71 x 10° J/kg when the testes
of induced male silver eels became nearly ripe after 35 days. At the same time, the
lipid energy (as percentage of total energy) amounted to 81.4%. After 45 days the
testes became completely ripe, the total energy of the body decreased to 8.36 X
10° J/kg and lipid reserve energy (as a percentage of total energy) also decreased
to 72.3%.




Table 2. Total energy and percentage of biochemical components, water (W), lipid (L), protein (P), ash (A) and remainders (R), in the eel’s body

and testes through different stages of maturation

Body Testes
Av. weight | No. of [ W L P A R | Teotal energy Av. weight w L P A R Total energy
g fish % % % % % J x 10°¢ g % % % % % J x 10®
Immature stage
110 20 |45.0 | 280 (205 | 1.13 | 5.4 14.45 0.06 75.7 1 10.5 | 9.0 0.7 4.1 5.57
Nearly ripe stage
90 20 140.0 1350 | 180 | 1.15 | 5.9 16.71 4.50 70.0 | 155 | 9.0 0.7 4.3 7.75
Ripe stage
80 20 | 64.0 | 150 | 13.0 | 1.15 | 5.9 8.36 5.00 700 | 16.2 | 9.0 0.5 4.2 7.85
Spent stage
60 20 |776 | 9.0 | 1.18 | 1.18 | 3.0 5.0 0.05 84.1 40| 7.0 0.7 | 4.0 2.76
Corr. Coeff. 0.86 | 0.77 | 0.97 | 0.97 | 0.69 0.82 Corr. Coeff. 0.85 | 0.68 | 0.58 | 0.64 | 0.67 0.88
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On the other hand, the energy gained by immature testes after attaining the
nearly ripe and completely ripe conditions was 5.57 X 10° J/kg and 7.85 x 10° J/kg,
respectively. Percentage of lipid energy in testes increased from 72.5 to 80.3.
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Fig. 1. Lipid energy in percentage of total energy plotted against total lengths.
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In the spent condition, after the release of milt and the continuation of the
period of starvation which extended to 85 days, the calculated total energy of the
body of male silver eel was 5.05 x 10° J/kg and the lipid energy (as a percentage of
total energy) was 69.3%. The energy of testes ‘after spermiation’ amounted to a
minimum value of 2.76 x 10° J/kg and the lipid energy (as a percentage of total
energy) was 56.4%.

The energies needed for gonadal maturation, spawning, routine metabolism
and migration are derived mainly from the initial total energy (Et) of silver eel at
the start of migration. The value amounted to 14.45 x 10° J/kg.

In the following we tried to estimate relative individual energy pools, taking
into consideration that the total initial energy (Er) is equal to the sum of the pools
and is thus fixed at 100%.

We modified the model of Boetius and Boetius (1980) to become:

ET = EG + ED o ES + EM’ where
Ep is the energy needed for gonadal development.

To estimate the amount of energy stored in gonads during maturation (Eg),
we substracted the value of final energy of the gonad gained at ripe stage of
gonadal maturation from the initial value of energy formed at the immature
condition. The result was 2.28 x 10° J/kg (Table 3).

For the estimation of energy required for gonadal development Ep, we

calculated the energy lost from the body during the experiment, i.e. during sexual
maturation. This energy is equal to the sum of two energies, the energy of gonadal

Table 3. The determined values of the energies in gonads E; and body Eg of ripe eels

EG - EB
Sex Er
J x 10° J x 108 % of Et J x 108 % of Ey
oF 14.45 2.28 15.78 8.36 57.85
Q 16.11 2.75 17.07 8.88 55.12




Estimation of Energy Budget for Gonadal... 137

development (Ep) and the energy of routine metabolism (Eg), as follows:
Eioss = ED + Eg, where
Eloss = 100 — (EG + EB), where

Eg is the energy of the body without gonads at ripe stage of maturation. The value
of Eg was found to be equal to 8.36 x 10° J/kg or 57.8% of Er (Table 3), therefore

Eioss = 100 — (15.78 + 57.85) = 26.37%

The energy of routine metabolism (Eg) in the formula is often determined
from rate of oxygen consumption. This rate increases with rise of water
temperature and proportionally decreases with increasing body weight (Jones
1964, Matsui 1979). The mean oxygen uptake of acclimatized eels at a water
temperature during the experiment of 26°C and at average body weight 110 g
amounted to 61.23 mg O,/kg/h. On conversion to energy units (1 mg O, = 13.31J),
the deduced value was 814.36 J/kg/h and over the developmental period, the
routine metabolism (Egr) was estimated as:

Er 814.36 x 45 x 24 = 0.88 x 10° J/kg

i

6.09% of Et
thence Ep = 20.28%
To calculate Eg (the energy residue in the eel’s spent body) from the obtained

data in the laboratory; the resultant value of Eg as a percentage of Et was 34.95%
(Table 4).

Table 4. The determined values of energy in spent condition Eg and energy of gonadal development

Ep
Es Ep
Sex
J x 10° % of Er J x 10° % of Er
o3 5.05 34.95 2.93 20.28
Q 5.05 31.35 4.03 25.08
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For the estimation of the energy of migration (Ep), we applied the modified
formula adopted from the Boetius and Boetius model as follow:

Eum 100 — (Eg + Ep + Eg)
100 — (15.78 + 20.28 + 34.95) = 28.99%
0.29 X 14.45 x 10° J/kg

4.19 x 10° J/kg

This estimated value of Ey represents the energy of migration together with
the value of routine metabolism within the time of the experiment.

B — Female silver eel

The induced female silver eel attained a nearly ripe condition of ovaries after
30 days, as illustrated in Table (5). The calculated total body energy at this stage of
ovarian sexual maturation was to 18.66 x 10° J/kg. Lipid energy constituted 83.4%
of the total energy. Forty days after induction the female ovaries became
completely ripe (Fig. 3). Whence, the body energy decreased to 8.88 x 10° J/kg;
consequently, the lipid fraction decreased to 70.9%. At the ripe condition, the
energy gained by ovaries amounted to 15.48 X 10° J/kg, whereas the lipid fraction
of ovary energy increased from 83.9 to 86.4%.

According to our modified model for the estimated energy budget (Table 3),
the gonad energy (Eg) was calculated as 2.75 X 10° J/kg, constituting 17.1% of the
initial total energy (Et). The value of energy lost (E o) was estimated as 27.8%.

The average energy of routine metabolism (Eg) carried out by female silver
eels (average weight 800 g) in sea water 26°C) was 456.19 J/kg/h, 34.3 mg O/kg/h.
For calculation of Eg over the developmental time, we obtained the followings:

Er = 456.19 x 40 x 24 = 0.44 x 10° J/kg, or
= 2.73% of Er, therefore
ED = Eloss = ER

25.08%.

The.energy of spent fish (Es) was impossible to be estimated in the laboratory
because all induced females died after induction, therefore we used the previously
obtained Eg of males which amounted to 31.35 of Er of female silver eel (Table 4).




Table 5. Total energy and percentage of biochemical components, water (W), lipid (L), protein (P), ash (A) and remainders (R), in the eel’s body
and ovaries through different stages of maturation

Body Ovaries
Av. weight [No. of | W L P A R | Total energy Av. weight w L P A R Total energy
g fish % % % % % J x 10° g % % % % % J x 10°
Immature stage
824 20 40.5 | 33.0| 19.0] 1.18 | 6.0 16.11 5.79 56.0 | 27.5 [ 12.0 | 0.5 4.1 12.73
Nearly ripe stage
830 10 345 40.0] 180 1.16 | 6.2 18.66 110.0 50.0 | 33.0 | 122 | 0.4 4.4 14.94
Ripe stage
855 10 |61.5 162 150 1.16 | 6.2 8.88 150.0 48.5 1 344 | 122 | 04 | 44 15.48
Corr. Coeff. 092 | 0.89| 1.0 | 0.65| 0.65 0.91 Corr. Coeff. 0.96 | 0.96 { 0.89 | 0.89 | 0.89 0.96
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The energy of migration (Ep), was deduced from the modified model as
follow:

Em = 100 — (Eg + Ep + Eg)
= 26.50% of Et
= 0.27 x 16.11 x 10°
= 435 x 10° J/kg

The theoretical covered distance during the 85 day experimental period was
estimated at 2856 km, considering the speed of swimming was 1.4 km/h (35
cm/sec), according to Schmidt-Neilson (1972). The calculated energy of migration
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Fig. 2. Lipid-water relationship determined from data listed in Table 1.
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En (without Eg) during the experimental period was estimated at 2.53 x 10° J/kg
for males and 3.42 X 10° J/kg for females. Where such values were adjusted to fit
the natural distance of migration (4000 km), Ey, became 3.54 x 10° J/kg for males
and 4.79 x 10° J/kg for females.

The respiration rate of eels at water temperature of 15°C was estimated at
36.43 mg Oy/kg/h for males and 25.32 mg O,/kg/h for females. Changing to Joules
over a natural migration time of 120 days, the values of routine metabolism
became:

Er = 36.43 x 13.3 x 120 x 24 = 1.40 x 10° J/kg for males

Er

25.32 X 13.3 x 120 x 24 = 0.97 x 10° J/kg for females

These values of EgR were added to the previously deduced values of Ey
(estimated for the natural condition) to get the total energy of migration expected
in the natural habitat, which is 4.94 x 10° or 34.2% of Er for males and 5.76 x 10°
J/kg or 35.7% of Er for females.

Fig. 3. A ripe eggs of the European eels Anguilla anguilla L.
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Discussion

Utilization of lipids from the muscles during progressive spawning migration
and starvation were suggested for several migratory fishes (Ando et al. 1985).

The change from yellow to the migratory silver eel is precisely accompanied
with certain physiological events. It was proved that such changes extremely affect
the body composition. To ascertain and estimate the selective mobilization of such
energetic substances, the following assumptions were considered:

1. Dynamic accumulation of lipid in body eel increased with increasing
growth (Amin 1979).

2. The muscle of Anguilla anguilla L. (especially in posterior body region) is
the major source of lipid, -also skeleton, skin, intestine, liver and gas
bladder store fat but in lesser percentages (Amin 1984).

The most significant change is the increase of body lipid with increase of body
energy during the period of maturation. This insures sufficient energy to exhaust
during the long and tedious swim to the spawning grounds, whence the fish is
completely fasted. Furthermore, gonadal development and consequent spawning
share a considerable part of such energy.

The degree of loss in body lipid is shown to be greater in females than in males
(Tables 2,5), this may suggest that maturation of gonads is responsible for the
consumption of body lipid reserves, such difference may be attributed to the
variations in both Eg and Ep, in male and female silver eel. Precisely, the energy
needed for ovarian maturation and thence for ovulation is greater than the energy
destined to testicular maturation and spermiation (Kohnenko et al. 1977).

The mean values of metabolic rates at 15°C, viz. 25.3 mg Oy/kg/h and 36.4 mg
Oy/kg/h for females and males increase rapidly above 15°C and amount to 34.3 mg
Oy/kg/h and 61.2 mg Oy/kg/h for females and males at 26°C. These changeable
levels of metabolism suggest the presence of limiting factor suspected as being
oxygen consumption and body lipid used as energy source for different
physiological processes.

According to the data of Schmidt-Nielsen (1972) the energy cost of
locomotion of yellow and silver eels ranged from 0.329 to 0.417 cal/gm/km. On
adjusting these data to our formulated parameters, viz., joule (cal); weight (gm) of
experimented male and female silver eels and distance (km):
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0.329 to 0.417 x 4.185 x 110 x 4000 =
6.05 x 10° to 7.67 x 10° J/kg for male silver eel

0.329 to 0.417 x 4.185 x 824 x 4000 =
4.54 x 10° to 5.75 x 10° J/kg for female silver eel

According to such mathematical treatment, it may be concluded that the
estimated energy of migration (Ep) for male and female silver eel is fairly
consistent with the data of Schmidt-Nielsen (1972) and also with the results of
Boetius and Boetius (1980) deduced for female silver eel. Therefore, the initial
energy gained by either male or female at the start of migration is virtually
sufficient to fulfill different biological activities expressed by active migration,
gonadal development and furthermore spermiation or ovulation.

In addition to the estimated energy cost of migration (Ey) which is about
similar to that estimated by the previously noted authors, we could estimate the
energy left after spawning (Eg). The death of eels after completion of spawning,
may have led to some underestimation. This assumption is further confirmed by
the appearance of acute anemia in the blood of the silver eels fasted for five
months and after developmental maturation (Amin 1990).
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