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1 IDENTITY
1.1 Nomenclature
te11 Valid name
illa (Linnaeus, 1758)

illa
i- Eﬂrn.na illa Linnasus, 1758
%&'Tﬂ': 245). ’ ’

Byst. ﬁ“to .
112 Objeotive synonymy

There are no junior objeotive synonyms of
the name.

1.2 Taxonomy
1.21 Affinities

- Suprageneric

Phylun Vertedrata
Subphylum Craniata
Superclass Gnathostomata
Series Pisoces
Class Teleostomi
Subolass Actinopterygii
Order Anguilliformes
Suborder Anguilloidei
Fanily Anguillidae

=~ (enerio

Genus illa Shaw, 1803, Gen. Zool.
(Pilo.l), 4(1)115. Type species by monotypys
Anguills yulgaris Shaw, 1803 (a subjective
synonym of Muraena anguilla Linnasus, 1758).
GUenders feminine.

"Head smooth. Nostrils tubular. Eyes
covered by the common skin. Gill-membrane
ten-rayed. Body roundish, smooth, mucous.
Dorsal, caudal, and anal fing united.
Spiracles behind the head or pectoral fins,."
(shaw, 1803),

As the family Anguillidae consists of
only one genus, the family characters may be
considered as generic charaocters too. The
following (family-) ooncept is expressed by
Berg (1949):

Body elongate, snake-like. Dorsal and
anal fins confluent with the rudimentary ocaud-
al fin, Peotoral fins present, ventrals ab-
aent. Body oovered with minute soales.
lLateral line well-developed. Vent remote
from the head. Nouth terminal; jaws not
partioularly elongate. Testh small, peoti-
nate or setiform, in several series on the
Jaws and the vomer, Minute teeth on the
pharyngeal bones, forming an ovate patch on
the upper pharyngeals. Gill openings lateral
vertioal, quite well developed, well separated
from each other. Inner gill slits wide.

Tongue present. Lips thick. Frontal bones
paired, not grown together. Palatopterygoids
well-developed. Premaxillaries not developed

as distinot elements in adults, Pectoral
€irdle with 7 to 9 (up to 11 in the young)
radial elements. Caudal vertebras without
transverse processes.

-~ Speoific
: ills anguills (Linnaeus, 1758),
(Fig. %F‘_

Swainson (1839) was the first to use the
combination Anguilla anguilla.

Linnaesus did not designate any type
material, but a speocimen named by him is in
the British Museum (Natural History), london:
linnseus Collection, No. 80. ‘

Type locality:s Europe. Linnaeus (1758)
(see below) referred to the abundanoce of the
species in Lake Comaochio, near Ferrara, Italy,
but this oannot be regarded as restricting the
type looality.

( e?ufinition of Muraena anguilla by Linnaeus
1758 ) )

illa. N. maxilla inferiore longiore,
corpore unicolore.
D. 1000. Po 19. V. On Ao 100. CQ bt }

Art. Spec. 66’ gen. 24, syn. 39. Fn. Svec. 290.
Nuraens unicolor, maxilla inferiore longiore.
Habitat in Europa; maxima in laou Comacchio
Ferrariensi; non fert Danubium.

FNooturna; latet in ooeno duplioci foramine;
colrcetur trunco albo Betulaej; outis tenacis-
simas parit vivipara, sub caniocula. -

Body nearly oylindrical, slightly ocompressed,
especially near caudal end. Tail end rounded,
Length 40 cm to 1 m or more. Head oompressed.
Snout rather elongated, sometimes broad, de~
pressed. Jaws and vomer provided with a
series of teeth. Mouth-glit extending to
about level of middle of eye. Front noetril
tubular near tip of snout; hind-nostril open-
ing in front of the upper half of eye.
ﬁyo round with yellowish iris,diameter V8 to

12 length of head; about half pre-ordbital
distance. External branchial aperture about
a8 long as eye-diameter.
Pectoral with 14 to 18 fin-rays. Anterior end
of dorsal fin well behind head, in front of
anal opening, at about 2/5 total length.
Dorsal and anal fins beooming higher near tail,
vhere they form one rounded fin. Lateral line
quite distinot. Small elliptical scales em-
bedded in skin. Colour variable; dorsal side
varying from greyish-brown, olive-brown or
yellowish, to black; ventral side Yellowish.
Fins yellowish, dorsal fin darker.
The specimens approaching sexual maturity

(*Anguilla Kieneri' Kaup, 'A. Bibronj! Kaup,
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Fig. 1. Eel, after C. Gesner (1575). (By courtesy of Dr. S.J. de Groot).

etc.) have their eyes enormously enlarged (dia~- ’ -~ Subjective synonyms

meter much greater than pre-—orbital distance),

dorsal side black, ventral side white with Muraena illa Linnaeus, 17583 Anguilla
silvery reflections (silver eels), pectorals vulgaris Shaw, 1803; placed in synonymy of
dull, dark, even black. acutirostris Risso, 1826, by Yarrell
Vertebral mumbers 112 to 117, of which 45 to 51836). Reasons not disoussed.

46 are pre—anal. leptocephalus larva (lepto-

cephalus brevirostris Kaup), attaining 88 mm, Anguilla cloacina Bonaparte, 18463 Anguilla

shaped like an olive leaf. Beginning of dor- platyrhynchus Costa_/'; placed in synonymy of

sal fin always in front of anus; pectorals Anguilla latirostris Risso, 1826, by Yarrell

well developed; ocaudal fin deepj last hypural 1849). Reasons not discussed.

large, with 5 rays; last but one slit, with 4 '

rays; 1last but three with 1 ray. Muraena oxyrhina Ekstrdm, 18353 Anguilla
acutirostris Rieso, 18263 placed in synonymy -

(translated from d'Anocona, 1938) of illa migratoria Krdyer, 1846-1849, by

Kr8yer 21326-495. Reasons disoussed.

Diagnosiss Vert. 111 to 119, normally 114 to

112; D 245 to 2755 A 176 to 2493 C T to 123 Anguilla latirostris Risso, 18263 Anguilla

P 15 to 21. (Berg et al., 1949). obtusirostris Rissol/} placed in synonymy of
Anguilla fluviatilis Anslijn, 1828, by Heckel

Prehaem. vert. 44 to 473 vert. 110 to 1193 and Kner hESU. Reasons not disoussed.

R.br. 9 to 133 P. 15 to 21. (BEge, 1939).

Vert. 112 to 1173 D 245 to 2753 A 205 to 1/; £ ; ;
235. (Wheeler, 1969). Date of publication not known.
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illa fluviatilis Anslijn, 1828;
Anguilla mediorostris Risso, 18263 illa
migratoria Krdyer, 1846-1849; placed in syn~
onymy of égggilla yulgaris Shaw, 1803, by Von
1863 ).

Siebold Reasons not disocussed.

Muraena platyrhina Ekstrém, 1835; placed
in synonymy of Anguilla yulgaris Shaw, 1803,
by Van Bemmelen (1 + Reasons discussed.

Anguilla canariensis Valenoiennes, 1836-
illa Callensis guiohenot, 18503
Anguilla Cuvieri Kaup, 1 565 Anguilla Bibronii
Kaup, 18563 Anguilla Savignyi Kaup, 18563
Anguilla morena Kaup, 18563 Anguilla marginata
Kaup, 1 53; Anguilla microptera Kaup, 18563
Anguilla altirostris Kaup, 1353) illa
latycephala Kaup, 18563 Anguilla nilotica
Kaup, 1553; Anguilla aegyptiaca Kaup, 1353;
Anguilla hibernica Couch, 1335; placed in syn-

onymy of illa vulgaris Shaw, 1803, by
Glinther (1870). Reasons not discussed.

445

N II'
Anguilla illa Swainson, 1839;
Anguilla Linnéi Malm, 1877; placed in syno
of Anguilla vulgaris Shaw, 1803, by Day (1884).

Reasons not discussed.

Anguilla oxyocephala de la Pylaie, .1834;
Plaoced in syno of Anguilla vulgaris Shaw,
by Moreau (1881;. Reasons not disocussed.

Anguilla Kieneri Kaup, 1856 placed in
synonymy of illa vulgaris Skaw, 1803,
by Fries, Ekstr8m and Sundevall (1895).
sons not disocussed.

leptocephalus brevirostris Kaup, 18563
placed in synonymy of Anguilla vulgaris Shaw,

1803, by Grassi and Calandrucoio (1897). Rea-
sons disoussed. )

Rea~

Anguilla geptembrina Bonaparte, 1846;
\nguilla oblongirostris Blanchard, 1880;

inguilla eurystomas Heckel and Kner, 1858;
Jlaced in synonymy of

illa vulgaris Shaw,
1803, by Schmidt (1914;- Reasons disocussed.

Anguilla rostrata (Le Sueur); placed in

ynonymy of Anguilla anguilla (Linnaeus, 1758)
¥ Tucker (1959;. Reasons disocussed. Not

ccepted as a synonym by present author.
Key to the species of Anguilla Shaw, 1803.
after Ege, 1939).

. The average breadth of the intermaxillary-
vomerine band of teeth, measured in the
middle, amounts to little more than half
the greatest breadth of the maxillary
bands.

A. Number of prehaemal vertebrae 38 to 42,

total number of vertebrae 101 to 107.

Average maximum value of the preanal

*%

length without head, in percent of
total length, ca. 27.0 to oa. 27.2.

*  Average maximum value of distance
between verticals through anus and
origin of dorsal fin, in percent of
total length ca. 9.0 teesesvearsene
1. A. celebesensis KAUP.

**  Average maximum value of distance
between verticals through anus and
origin of dorsal fin, in percent of
total length Ca. 13.0 “vseseserenone
2. A. interioris WHITIEY.

B. TNumber of prehaemal vertebrae 40 to
44, total number of vertebrae 108 to
116,  Average maximum value of the
preanal length without head, in per
cent of total length, ca. 2569 secne

3. A. megastoma KAUP,

The average breadth of the intermaxillary-
vomerine band of teeth, measured in the
middle, greater than or equal to the great-
88t breadth of the maxillary bands.

A. Skin with variegated markings,

* The three rows of teeth forming the
main part of the maxillary bands are
regular, longitudinal 8roove distinct
without interruptions; a projection
on the inner side of the bands ante-
riorly. Primary pigment of the
elvers forming a distinct mediolateral
Btreak on the end of the tail,
(Dentition not known in A. ancestralis,
only represented by elvers).

1. Number of prehasmal vertebrae 37
40 sescece 4, A- ancestralis EGE.

2. Number of prehaemal vertebrae 39
to 43,

&, Average maximum value of distance
between vertiocals through anus and
origin of dorsal fin, in perocent
of total length, oca. 11.7 to oa.
11. 9 X EREEE) _A'- nebulosa MOCLELLAND-

x Total number of Vertebrae 106 to
112 veeeee 5a. A.nebulosa nebulosa
MoCLELLAND, -

xx  Total number of vertebrae 107 to
115 ®esese 5bo A.nebulosa labiata
S

b, Average maximum value of distance
between verticals through anus
and origin of dorsal fin, in per
oent of total length, ca. 16.3 ...
*see 6. A. marmoratas QUOY & GAIMARD.

The three rows of teeth in the naxil-
lary bands irregular, longitudinal
- groove less distinot with interruptions;
no projection of the inner side of the



B.

bands. The elvers without streak of
primary, mediolateral pigment on end
0f t8il ceccccccse To Ao reinhardti
STEINDACHNER.

Skin without variegated markings.

Average maximum value of distance be-
tween vertiocals through anus and origin
of dorsal fin, in percent of total
length, Ofe 9-1 to oa. 14.6-

1+ Average maximum value of length of
gape, in perocent of head length,
oa. 32 to ca. 360 '

ae Maxillary bands of teeth with
longitudinal groove. Average max-
imum value of preanal length,
without head, in percent of total
length, ? Cae 27 ssvensessesrcee 8.
A. borneensis POPTA.

be Naxillary bands of teeth without
longitudinal groove. Average max-—
imum value of preansl length with-
out head, in percent of total
length, oca. 29.

x Total number of vertebras 100 to
106, Average maximum value of
distance between vertiocals through
anus and origin of dorsal fin, in
percent of total length, oca. 14.6
9. A. mossambica PETERS.

xx Total number of vertebras 109 to

116.  Average maximum value of
distance between verticals through
anus and origin dorsal fin, in
percent of total length, ca. 11.1
10. _A_- di‘ffenb.ohi GRAY. .

2. Average maximum value of length of
gape, in peroent of head length,
o 25 to oca. 27.

a. MNaxillary bands of teeth with longi-~
tudinal groove. Average maximum
value of preanal length without
head, in peroent of total length,
Ol 26.9 escsece 11o Ao Ilagoniol.
TEMNINCK & SCHLEGEL.

b. Maxillary bands of teeth without
longitudinal groove, Average max-
imum value of preanal length with-
out head, in percent of total
length, oa. 30.1 to oca. 30.2

x Total number of vertebras 103 to
111¢ Average maximum value of
digtance between verticals through
anus and origin of dorsal fin, in
peroent of total length, ca. 9.1
12, A. rostrata (LE SUEUR).

xx Total number of vertebrae 110 to

119, Aversge maximum value of
distance between verticals through
anus and origin of dorsal fin, in
percent of total length, ca. 11.2
13. A. anguilla (LINNAEUS).
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#%*  Average maximum value of distanoce be-
tween vertioals through anus and origin
.of dorsal fin, in percent of total
length, oca. 0.2 to oca. 3.6.

1.

b.

2,

b.

Constriction of the intermaxillary-
vomerine band of teeth begins on

an average before the middle of the
band. Average maximum values of
preanal length without head, in
percent of total length, oa. 27.0
to ca. 28.2. Number of prehaemal
vertebrae 40 to 45.

Average maximum value of length of
intermaxillary-vomerine band of
teeth, in percent of distance from
front margin of that band to pos-
terior end of" right maxillary dand,
ca. 82 to:oa. 86. Average maximunm
value of distance between vertioals
through anus and origin of dorsal
fin, in percent of total length,

oa. 02 to oa. 008 sscssoe Ao bicolorxr
¥oCLELLAND. -
Total number of vertebras 103 to

113 cevoee 14 & Ac biglor gwgigl
SCHMIDT.

Total number of vertebras 106 to 115
14 be A. bicolor bicolor MoCLELLAND.
Average maximum value of length of
intermaxillary-vomerine band of
teeth, in percent of distance from
front margin of that band to pos-
terior end of right maxillary band,
ocas 71e Average maximum value of
distance between verticals through
anus and origin of dorsal fin, in
peroent of total length, ca. 3¢6 ...
15. A. obscura GUNTHER.
Constriotion of the intermaxillary-
vomerine band of teeth begins on

an average far behind the middle

of the band. Average maximuam
value of preanal length without
head, in percent of total length,
oa. 30.3. Number of prehassmal
vertebrae 44 to 48 X Ao w
RICHARDSON.

Average maximum value of distance
between verticals through anus and
dorsal fin, in percent of total
length, ca. 1.2 Average maximum '
value of head length (measured in
females), in percent of total length
cae 14 coseee 16 as A. australis
sohmidti PHILLIPS.

Average maximum value of distanoce
between verticals through anus and
origin of dorsal fin, in peroent

of total length, ca. 2.6« Average
maximum valus of head length
(neasured in females) in peroent of
total length, oa. 12 cevooee 16 By
A. sustralis sustvelis RICHARDSON,
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1.22 Taxonomip status

The species is well established by bio-
logic)ul data. (of. Sohmidt, 19225 Bertelsen,
1967).

1¢23 Subspecies
No subspeocies exists.

1+24 BStandard common names,
vernaoular nanmes

Standard oommon namess

Algeria " = Anguille, Selbah, Bou
mekhriat

Arabis - Bou Mekhriat

Austria = Aal

Belgium = Aal; Paling, Anguille

Csechoslovakia~ Uhor

Denmark -1

Kire ~ Eel-

England ~ Eel, Silver eel

Esthonia « Illa, Angerjas

Finland - Airokas, Ankerias

Franoe = Anguille

Galiola - Wengurs

Germany = Aal, Blankaal

Greeoce = Khdlia

Ioceland - 211 :

Israel - Zlofach

Italy - Anguilla

Latvia - Zutis

Lebanon - Un shmed

Lithuania - Ungurys

Madeira - Eiré

Malta - Sallura

Maroooo - Anguila .

Netherlands - ﬁ:l, Paling, Schieraal

Norway -

Portugal - Enguia

Romania - Ogor, Ahele, Helios, Ilan
balfic, Anghila

Russia - Ugorj

Spain - Anguila

Sweden -1

Switgerland - Aal, Anguille, Anguillas

Tunisia - Hanek, Sallour, Sannour

Turkey = Yilan balyghi

Ukraine - :

Hungarh ~ K8z8neégés dngolna

Yugoslavia - Jegulja

Vernacular names:

It is impossible to mention all the names
ascribed to the eel in any ocountry within its
disoription area (e.g. Fischer, (1961) for
German names). No list of vernacular names
is given here.

1¢3 Morphology

1.31 External morphology (For des—
oription of spawn, larvae, and
adolescents, see 3.173 3.22;
3.23).

In addition to the desoriptions and diag-
nosis given under 1.2, some more morphologioal
data are shown in Table I.

One of the most oontroversial subjects re-
garding individual variation concerns broad-
nosed and sharpnosed eels. As these names
imply, in an eelstock some individuals may be
observed with a relatively broad head and
others with a narrow head. «(Some meristic
characteristios of these different groups are
mentioned in Table II). ,

This phenomenon has given rise to two
hypothesess

1) the differences between broad- and sharp-
nosed eels are genetioally determinedj

2) the differences originate from different
feeding.

After a thorough investigation Thurow
(1958) derived the following conclusionss

An eelstock mainly consists of animals
with intermediate characteristios. Narrow
and broadnosed eels are variants of a contin-
uous population whioh shows great flexibility,
and their ocourrence is determined by environ-
mental conditions, especially the prevailing
food. .

No data are available which oonolusively
point to distinot geographical variation.
Differences in certain oharii?g;fziios, LYY O
colour of the skin, which have been alleged to
show geographioal variation, invariably may be
asoribed to strictly local circumstances with—
out any geographical oconnection. According
to the theory of Tuaker (1959), Europeam and
American eels should be regarded as geographi-
oal variants of the same species, but this
view has not been generally accepted.

As the eels spawn in one nnintarrupfod
area, no subpopulations ocan be distinguished.

Doscription of morphological changes which
ooour during growth:

During the "eel siage" (the adolescent
phase) no external morphological changes ocour.

When maturing, however, the changes are striking
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TABLE II
Some meristio characteristios conoerning the heads
of broadnosed and sharpnosed eels (after Thurow, 1958)
a) Skull-measures of broadnosed eels in relation to body length (in om).
number length _ SL 0B SH PFB___POB__ DL ML PMB__DH _ DAE +)
4 46.7 2,60 ;.05 0e54 0,50 0,21 2.05 1429 0.29 0.09 0,39
4 49,2 2.79 1416 0,55 0.57 0.20 2:24 1.45 0.34 0.14 0.43
3 53.6 3:24 1.41 0.70 0.62 0.20 2,63 1.66 0.33 0,14 0.52
6 6041 3¢94 171 0.85 0.74 0.36 3.25 2,06 0.43 0,18 0,73
5 64.9 4415 1.74 0.86 0.75 0.}3 3.36 2.15 0.48 0.19 0.74
#) SL skull-length; bB = ocoipital-broadthj SH = skull-height;
PFB « postfrontal-broadth; POB = postorbital-broadth; DL = dental-lengthj
ML = waxillur-length; FPMB = rrasmaxillar-broadth; IH = dental-height;
DAH = dental-arch~height.
5) Skull-measures of sharpnosed eels in relation to body length
number _length SL 0B SHE__PFB____POB_ DL ML PMB__DH __ DAH *)
3 4645 2,62 1,10 0,58 . 0,51 0s21 2,10 1,29 0,27 0.09 0.39
3 48,3 2,76 1416 0.64 0,58 0,21 2,09 1.38 0.27 0.09 0.39
3 50.9 2.78. 1412 0,59 . 0.55 0.20 2,19 1,38 0.29 0,07 0.40
3 53.8 2,83 1.19 0.62 0.55 0,20 2,18 1,40 0.27 0.08 0,39
5 57.0 3403 1,30 0.66 0.65 0.24 2:39 151 0431 0,07 0.44
4 597 3429 1444 0,69 0.61 0.23 2,59 1.62 0.35 0.09 0.45
1 64.7 368 1,45 0.73 0.53 0¢26 2,87 1,79 0.43 .0.11 0.53
o) Relation of skull-length to skull-parte
SL __DH PM___POB ML DL __OB___FPFB _ SH'®)
Broadnosed 100 4432 11,42 8,04 51,3 80.8 42,3  19.3 21.1
**) , #1046 #1015 40456 41,8 +2.5  40.6 ~0.4 =0.7
Diff. in % 33.9 10,1 1.0 35 3.1 14 2.1 3.3
##) Difference between values of broadnosed and sharpnosed eels
(cf. 1.2). It has been stated already that 2.7 to 3 perdent of the animal's weight. When

the eyes enlarge significantly during this
period of life, Their diameter increases 1 to
2 mm, their weight at least doubles. The ol-
factory organs develop; the lateral lines be-
come more conspiouous; the dorsal side turns
black, as do the pectoral fins; the ventral
side, in contrast, turns white with silvery re-~
flections. A further obvious change is that
the skin becomes tougher, harder and more
shining. Havinga (1943) stated that in the
great mass of eels the ‘skin weight amounts to

the skin weight reaches 4.2 percent, the eel
shows the first signs of beooming silvery. 1In
fully developed silver eels the skin acocounts
for over 6 percent of the total weight. The
belly becomes tougher too, so that it is dif-
ficult to press it together in a silver eel,
in complete contrast to the weak belly of an
immature eel.

Ocoasionally eels are captured with a
much more sexually advanced appearance, pre-—
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sumably attained by eels on their spawning-
route in the sea. With regard to this "par-
tial nuptial dress", Svirdson (1949) described
the presence of very enlarged eyes with a dia-
meter of {1 om at least, very long and pointed
black pectorals, a reddish-brown oclour most
prominent on the belly, and a more blunted
snout.

1.32 Cytomorphology

Sick et al., (1962, 1967) studied the
chromosome~number of the eel and ooncluded
that A. anguilla has 38 diploid chromosomes.

133 Protein specificity

Preliminary electrophoretic studies of
the eel revealed only one haemoglobin pattern
(Sick et al., 1962). An extension of this
study, involving 848 eels of which 302 spe-
cimens were oollected in Greece and Spain,’
oonfirsied this result.

By means of electrcphoresis, serum trans-
ferrins were also studied. Four variable
iron-binding fraotions were detected. Five
rhenotypes were observed, of whioch the fre-

" very poisonous for mammals.

quenoy distribution agreed with the distribu-
tion expected on assumption of genetic control
of the main transferrins by three allelic genes.
(Fine et al., 19645 Drilhon et al., 1966).

It should be mentioned that a compliocating
faotor was encountered in a comparison of
Atlantio samples and samples from two areas in
the Nediterranean. (Drilhon et al., 1966,
1967, 196Ta). Differences in the transferrin
frequencies were found both between the
Atlantioc and the Mediterranean specimens and
between samples from the eastern and western
Mediterranean. The latter in partioular in-
volved the presence of a three banded pattern
in the western group. (of. also de Ligny,1969).

Pantelouris and Paynme (1968) oconoluded
that esterase symograms of eel sera exhibit up
to eight fractions. The individual differ-
eucws observed suggest genetic polymorphism
and the same applies to the esterase pattern
of various tissues.

Eel blood contains a serum, whioh belongs,
according Wunder (1967), to a group which is
Heating to 58 -
70°C destroys the serum.
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2 DISTRIBUTION
21 Total area

The Atlantio from the spawning area (see
3.5.1) towards Burope and Northern Afrioca;
coastal areas of Europe and its islands from
Pechora to the Black Sea; Mediterranean and
its ocastal areas of Niddle-Bast and Afrioaj
Atlantic shore of Morooccoj Canary Islesj
Agores; MNadeira.

Boundaries in Europe are: lower part of
Pechora, Volga—~system, and Black Sea, with oo-

ourrence in Danube, Dniester, Bug, Dnieper and

gsometimes Don.

If not barred by obstacles (e.g. weirs),
inland areas may be reached by eels swimming
upstrean in rivers and water—courses; density
of eel-gtock decreases with inoreasing distanoe
from the ocoast,.

Due to the easy way in which eels may de
handled, transplantations over great distanoces
are oarried out, and water—areas are stooked
with eels whioh otherwise would be absent.

Japanese eel ponds have dbeen stocked in
1969 for the first time with elvers from Franoce
(wee also 6.5).

2¢2 Differential distridution

2421 Spawn, larvas and juveniles:
see 3.‘_.6 I.nd 305.'

222 Adultss see 2.1

23 Determinants of distribution changes

Distridbution is primarily determined by
the oourse of the Gulf Stream and North Atlantic
Current, with the follow up of several sea-
currents whioh disperse the elvers along the
ocoasts. Further distribution depends on acces-
8ibility of interior water regions and on trans-
plantations.

-

All wvater—areas, be it in the interior or
along the coast, whioch are fit for fish may oon-
tain eels. This applies from a warm saline
lagoon on the Mediterranean ocoast to a oool
fresh trout=brook in a mountenous region.

Winter hardships are overoome by underground
hibernation.

2.4 Hybridisation

No hybridisation is known.
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3 BIONOMICS AND LIFE EISTORY

3.1 Reproduction

3¢11 Sexuality

According to d'Ancona (1943), who studied
the development of eel gonads from the elver
stage onward, the gonads at first have a non-
differentiated appearance, with some parts
tending to show male characters, some female,
and some intermediate. The sexual differen-
tiation of the gonads takes place with the
development of elements of the male gametogenic
series and degeneration of the female or vice
versa. :

Differentiation of female gonads may some-
times be recogniged in eels of 20 om or even
smaller. Most eels, however, remain in a con-
dition of sexual indetermination up till
lengths of 30 om or more. During their de-
velopment, a stock of eels shows a gradual
series from distinot females to distinot males
linked by more or less intermediate specimens.

The oconditions which d'Ancona observed
point to a fairly long stage of sexual indeter-
mination, with the coexistence of prospeotive
fenmale ocells beside potentially masculine ele-
ments; in the latter the sexuasl characterist-
ios are not evident because of delayed matura-
tion.

All observations, moreover, lead to the
oconclusion that in the eel the genotypic sexual
determination is very labile and that it may be
influenced by phenotypic factors, whioh awot on
the germ—cells through the somatic substratum
of the gonad. ' .

Sinha and Jones (1966) oconcluded that the
"organ of Syrski", whioch was supposed to be the
diagnostio of maleness, is ambiguous in nature,
thersfore it is difficult to determinée the mex
of eels whioch have these organs. The authors
do not agree with the suggestion that salinity
of the surrounding water-area determines the
distribution of the sexes of sels.

Fidora (see d'Ancona, 1959) concluded
after stocking-experiments that different con-
ditions of orowding affeot sexual determination,
vig. a dense stock results in a majority of
males and decreasing population density in-
oreases the percentage of females. This con-
oeption tallies with other observations, e.g. a
100 per cent female stock in an understoocked
area like the upper reaches of long tivers, e.g.
Rhine (see also Gandolfi-Hormyold, 1929, for the
loire); a great male preponderance in the dense
eel population in the estuarine area of the same
river (e.gs about 95 per cent in IJsselmeer);
and again an inorease of females in a less pop-
ulated coastal sea~area next to it. Deelder

(unpublished) noticed a majority of females in
an enclosed polder, which is inacoesible to
eels and was deliberately kept understocked
with elvers by the management.

Sexual dimorphism: In the stage nearest
mature (silver eel), males and females oan be
recognized by their length, see under 3,12

3.12 Maturity

Havinga (1945) stated that female silver
eels are longer than 45 omj the smallest he
noticed had lengths of 47, 48 and 51 om. In
his opinion male silver eels are smaller than
45 om. Deelder (unpublished) observed in the
IJsselmeer male silver eels as small as 25 om.

Ehrenbaum (1929) mentioned the investiga-
tion of 5,260 eels, among which were males of
45 om (1), 46 om 53). 47 om (1) and 49-ca (1).
Graphs of Neroer (unpublished) show a olear
division between male and female silver eels
in Lough Neagh (N. Ireland) at 47 om. The
length-frequenay of male silver eels inoreases
from 31 om to a distinot mode at 37 to 42 omj
lengths of female silver eels reach 80 om, and
the length-frequenocy graph shows a distinot
mode at 53 to 55 om. The largest male silver
eel observed by Frost (1945) had & length of
43,0 om, the smallest female was 44.0 omj
"such fish are most unoommon", ’

From the above, the oonclusion must be
drawn that. attaining maturity has a conneotion
with length. Henoe maturity should de pri-
marily a matter of growth-rate in the preced-
ing period.

3.43 !bf Sise and Weight of silver eels see
040 .

3.13 MNating
Unknown. Possibly promiscuocus.
3.14 PFertiligation
* Unknown. Presumably external.

3.15 Gonads

‘Unknown at time of spawning. For
development see 3.11

3.i6 Spawning

Bodtius and Bo¥tius (1967) studied ocaptive
silver eels. The authors found that the max-
imum temperature at which normal sexual develop-
ment would take place was 25 to 26°C. A math-
ematical approach to the data on temperature

. and maturation period gave an indioation of an

optimum temperature of about 20°C. The bio-
logioal sero for experimental maturation was
about 10°C. : .
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Hydrographical data from the supposed spawn-
ing area for eels in the Sargasso Sea indiocate a
spaming depth of 100 to 200 m in the winter
months, if an optimum spawning temperature of
20°¢ is presupposed.

3. ‘7 ’r.'ﬂ

Aoccording to T. VWemyss Fulton (of. Bohmidt,
1923) ripe spawh oontains oil globules.

3.2 Pre-adult phase

3.21 Eabryonic phase

Unknown
3.22 Llarval phase

Pro-larval phases Acoording to Sohmidt
(1923) the yolk sac of larvas ocontains an oil
globule. o :

Post~larval phases The development of the
esl larvas up to an average length of 75 mm

(Leptocephalus brevirostris) has been described
by Sohmidt (1923). See 3.5.1

It must be borne in mind in this connection,
that the leptocsphalus increases in length dif-
ferentially, growth in length deing greater post-
anally than pre-anally. With regard to the
position of anus and dorsal fin it has been shown

that neither changes its position relative to the
myomeres until metamorphosis {¥ord, 1931).

Grassi and Calandruccio (1897) described the
metamorphogis of eel larvae into tue elver stage,
which was nicely illustrated afterwards with
photographs by Schmidt (1912). Besides the oon-
spicuous change from the larval olive leaf form
into the eel form of the elvers with & simul-
taneous deorsase in langth and weight (Schmidt,
1923), a remarkable change in the relative posi-
tion of dorsal und anal fins and of the anus
takes placej the first fin rays and anus move
forward in a real movement and change their
position entirely with respect to the myomeres,
so that fins and anus are made to lie immediately
opposite the myomeres from whioh they are inner-
vated, instead of remote from them as in the
leptooephalus stage (Ford, 1931). It may be
oconcluded, therefore, that the dorsal and anal
fins are temporarily held in a posterior position
moving forward to their true positions during
metamorphosis.

Bartels (1922), who studied the anatomy of
larvue and elvers, noticed remarkable changes in
some organs, e.g. the lateral line and intestines.
He moreover mentioned the existence in the lepto-
oephalus of a big jelly-filled cavity, oooupying
the greater part of the body and with the neuro-
chord suspended in it. . This oavity disappears

completely during metamorphosis. The jelly pre-

sumably keeps the animals in the upper water
layers by its low speoific gravity, sinoe
leptoocephali do not possess swim dladders.
3423 Adolescent phase. Elvers.
The most oonspicuous features of elver
development are the gradual pigmentation
(starting with the "tache oérébrale”) and the
reduction in length and weight (Gilson, 1908;
Strubberg, 1913). Decrease in length of
elvers after reaching the Danish ocoast may
amount %0 3.5 mm (from about 7 mm to 6.5 mm);
deorease of weight from about 0.32 g to
0.135 g, a deficit of 0.185 g« This reduc~
tion is due to not feeding while migrating and
swimaing. .

At Den Oever (Holland) the greatest re-
oorded length of immigrating elvers is 92 mm;
the smallest, 60 mm. The annual average
length of immigrating elvers varies here from
72 to 77 mm.

Diseases and parasites are unknown for
thie stage.

Predators are found in the whole acale of
animals big enough to devour elvers: many
kinds of\fi-hosuialthough elvers are known to
escape through the gill-=slit) including eels
(8inha and Jones, 1967a), gulls, rstsn?o.g.
at elver-passes), and last but not least man.

Losses due to man are very important.
They may result from impassible darriers in
watervays, where elvers may try to pass until
they die, or by ocatohing elvers for food or
nanure . An early desoription of this was
given by Redi (1684) (of. Bertin, 1956), who
possessed a remarkable insight into eel biol-
ogy. Aoccording to him, on a 4day in 1677 more
than 3,000 Tuscany pounds (1,200 kg) of elvers
were caught in the Pisa stretch of the Arne
within 5 h. :

The total damage inflicted to an elver
stock by man and snimals must be tremendous.

3.3 Adult phase (Mature fish)

Although eels and silver eels are not
striotly mature fish, they will be disoussed
here since they represent the most important

phases in the 1ife of Anguilla anguilla.
3¢31 longevity

Average life expectancy. The total life
span mainly depends on the time taken to attain
the silver eel stuge. Sinoe this, ss already
has been pointed out, is determined partly dy
sex and growth-rate, vwhich are strongly ine
fluenced by the environment, it is diffieult
to give a general siatement,
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Rasnmussen (1952) deduced an average age of
11 to 12 yr for silver eels of 55 to 60 om from
Esrum Lake, Denmark.

Deelder (1957) investigated male silver
eels from the IJsselmeer and concluded that the
greatest number (36%) stayed for 9 summers in tie
freshwater; male silver eels which stayed 5
‘and 15 summers were, however, noticed too.

The age of female silver eels is greater.
Frost (1945) observed in the Windermere district
an average (freshwater-) age 12 to 13 yr, with
a maximum of 19 yr. ‘The average age of male
silver eels here was 9 yr, with a maximum of 12.

Maximum age. Absolute topper is "Putte",
kept for 85 in aquaria (Svérdson, 1949).
Bertin (1956) mentioned an eel whioh lived 37 yr
in oaptivity, and eels staying for 50 yr in a
Swiss lake.

3.32 Hardiness

Provided enough oxygen is available to
breathe and the skin is kept wet, with an air
temperature not exoceeding 15°C (Krogh, 1904),
hardiness of eels and silver eels is great.

It is because of this charaoteristic that their
economic value is great too, since it enables
storing, handling and transporting over huge
distances. Although no exaot data are avail-
able it is a well-known faot that silver eels
may be densely packed in live-buasins for months.
Mann (1960) kept starving eels for 3 and even
4 mo in aquaria filled with tapwater. Beoause
of their physiologiocal state in which they need
- no food, silver eels may be kept longer in oup=-
tivity than eelss Bodtius (1967) experimented
with silver eels during 9 sucoessive months,
and Bo¥tius and Bo¥tius (1967) kept a silver
eel whioh was able to mature normally after a
period of starvation of over 3 yr.

Bod#tius and Bo¥tius (1967) showed that the
thermal amplitude of survival is roughly O to
30°C for both yellow and silver eels. The
vegetative temperature range of the yellow eel
is from about 10 to 30°C. This deduction has
been nicely confirmed by the experience of
Japanese eel-culturists, who in 1969 imported
elvers from France. First there was great
satisfaotion; in the summer, however, with
water temperatures of over 30°C, a great mortal-
ity oocourred without signs of diseases or para-
sites, The conolusion was that the European
eel could not withstand very well these high
temperatures (Korringa, personal communioation).

3.33 Competitors

Rogers (1964) oorrectly pointed out that
one may still query the suitability of the ori-
teria upon which competition is Judged. It ie
obvious that what does, in faot, constitute

"oompetition" is still subject to considerable
debates To mome it seems quite wrong to as-
sume that because the same food is found in

the stomachs of differerit species, competition
must be taking place, for there may be an
abundance of that food. Conversely, if an
organism is found in the stomach of one species
of fish and not in another, both species cocur-
ring in the same area, it cannot be said that
there is no competition; it could be that one
species has been markedly successful in the oom-
petition for that item of diet.

Competitors for spawning-area are unknown.

If all animals which share items of diet
with eels are to be regarded as competitors
for food, then most species of fish whioh occur
with eels must be inocluded in this category.
Of these, no list will be presented because of
its extensiveness, due partiocularly to the °

" diverse areas in which eels may live.

Since silver eels do not take food, no
food competition exists here.

With regard to competition for shelter,
it may be noted that eels like to hide them-
selves in the bottom, in tubes, plant-masses
etc. No serious competition by other species
for these habitats is known.

3434 Predators

For the youngest eel stages, all fish
vhich are able to swallow elvers may aot as
predators, although eels are more protected
by their way of living. Grown eels are preyed
on mostly by bigger eels (Sinha and Jones,
1967) and by birds. Cormorants may take a
heavy toll as they are able to dive, and herons
are important in shallow areas.

Van Dobben (1952), who studied a cormorant
rookery, observed that the food composition is
ruled by the accessibility of the eel. The
catch of eels increases with the approach of
the summer, until on warm days in July the eels
become the principal food. As almost all eels
caught are injured at the snout and the birds
exclusively ocatch in daytime, it must be assumed
that the eels are caught when hidden in the bot-
tom with their head protruding. No efficacious
defense reactions of the eels are known.

The length of the eels caught may range
from 18 to 60 cm. Van Dobben calculated that
a cormorant rookery with about 2,000 nests
situated near the IJsselmeer consumes in a
summer about 200,000 kg of eels.

With regard to fish predation Hegemann's
(1958) interesting observation must be mention-
ed regarding pike in the Creifswalder Bodden
(Rtigen) consuming eel. Eels made up 4 per
cent of the prey of 50 pike.
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No data are known about predation as a fao-
tor oontrolling the eel population in any area.

3.35 Parasites, diseases, injuries
: and abnormalities

Parasites and diseases

These are manifold. Reichenbach~Klinke
(1966) mentioned, besides common parasites such
as Ichthyophthirius multifiliis, no less than
30 parasitioc speociess

Trypanosoma anulosum
Cryptobia markewitohi
Eimeria anguillae
%x;idygg giardi
'richodina illae
Trichodinella epizootica
Gyrodactylus ggggiliao
T%iacno horus nodulosus
Bothriooephalus olavioceps
Dipgxfioaothrium atum (larval)
"~ Proteocephalus macrocephalus
Sphaerostoma bramae
Plagioporus ggggiatus
Podoootyle atomon
Contracaecum squalii (larval)
Raphidascaris aocus
S Enito tus inermis
Igﬁt%fggronnms dini
Camallanus lacustris

« truncatus
Hecechinorhynchus rutili

Pboudoeohinor%ffohun iavula
etechinor chus lalmonis
Acanthocephalus anguillae

o luoi
Pomphor us laevis
Co sonma semerae (larval)

Ergasilus gibbus

lernssa oyprinacgea
Arggfu- foliaceus

Frost (1946) mentioned the trematode Diplosto-
mum gp. in the eye of eels. Willemse 51533’
desoribed the ocourrence in eel's ovaries of

oysts of Glugea sp.

Under certain conditions parasites may
exert a devastating effeot on eel stocks.
Iohthyophthiriue is able to wipe out total
stooks of free-living eels (Timmermann, 1939)
as well as of stored eels (Deelder, unpublished).
The great massaocres of eel populations, however,
are caused by just a few diseasess Pseudomonas

punctata and Vibrio anguillarum:s "re gease"

for both, and the "ocauliflower disease".

Acoording to Sch¥perclaus, (1954) who des-
oribed this illness extensively, the "red eel
disease" may be ocaused by the two bacterial
species mentioned above. Paeudomonas thrives
in water with a salinity less than 0.8 per cent
NaCl, Vibrio in water with a salinity of about

1.5 to 3.5 per cent KaCl. Dutoh eel merchants
are well aware of this peouliarity and if pos-
sible change their stocked eels from freshwater
to seawater and back again in case of "red
disease", to restore the condition.

In addition to stocks of stored eels, the
"red disease" may inflioct heavy ocasualties in
eel populations, e.g. in the Baltio (Wolter,
1960? and Adriatio (Canestrini, cf. Wolter,
1960) as well as in interior waters, e.g. in
Holland (Deelder, unpublished).

An outbreak of the so-called "cauliflower-
disease" of silver eels, starting in 1944 in
Denmark, was reported by Christiansen and
Jensen (1950). These silver eels presumébly
descended from Baltic regions. Obviously
assisted by eel storage and transport, the ill-
ness attacked eels as well, and spread over
Northwestern Europe to the Southern part of
Holland, both in brackish and freshwater. As
indioated by the name, diseased eels bear
tumors, mostly on the snout, but on other parts
of the body as well. Despite serious efforts
(e.g. Sch¥perclaus, 1953) no exaoct oause could
be established. As the tumors prevent eels
from burying in the mud and from foraging, a
gradual deterioration in condition is the re-
sult (of. lihmann and Mann, 1956). In addi-
tion, diseased eels become unsalable deocause
of their repelling appearance.

Injuries and abnormalities

As far as known, injuries with regular
appsarance are only those inflioted by turbines
and pumps on eels and silver eels passing down-
stream through power and pumping stations.
These injuries may vary from oomplete outting
to damage visible only after some time
(Butschek and Hofbauer, 1956).

Abnorpalities are not common. Most ocon-
spicuous is the yellow eel, reported from time
to time (e.g. Thumann, 1953). Another pheno-
menon observed now and then is the eel with
undulated epine ("plekospondylie"). No cause
is known (Sohr#der, 19308. :

As with other animals, some abnormalities
may ocour ogcasionally:s e.g. stone in the body-
cavity (Tesoh, 1958); kidney-disease (Scheer,

1934).
3.4 Xutrition and growth
3441 Peeding

Eels, being noocturnal animals, feed mostly
during the night, when they searoch for food by
swimming to and fro. Aquarium experiments and
direot observations (e.g. Berry,1935), however,
reveal that they feed in daytime too.
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Feeding takes place all over the area where
eels occur and where food is available. In
estuarine areas daily movements may oocur to and
from the foodstaples in the brackish area (see
3.51; Koendzinsj, 1958). In springtime,
spawning areas of coarse fish may attract large
numbers of eels, whioch feed upon the spawn.

Here we may draw attention to the statement
of Albertus Magnus (1545, cf. von Siebold, 1863)
which runs translateds "The eel allegedly
crawls out of the water during the night and
enters the fields, where it finds sowed lentils,
peas or beans", Nilsson (1860) pointed out
that such eels might go for sluge and worms,
As Deelder (unpublished) in aquarium experiments
has proved that eels may leave the water to
forage, and knowing their ability to locate the
nearest stretch.of water (see 3.51; Schiéffer,
1919), it must be assumed that Magnus and
Nilsson were right about this peculiar feeding
ground. ‘

~ The eel exhibits some peculiar ways when
foraging, depending on oiroumstances. Small
objects are taken without difficulty. A large
object, e.g. a dead fish, which is too big to
swallow, is attacked in the following ways the
eel bites into the flesh and then tears off the
mouthful by rotating around its long axis of
high speed.

Buried eels ocatoh food in a peculiar way,
of which Berry (1935) gives a vivid descriptions
"They lie buried in mud or gravel with only the
tip of the snout down to the eyes projecting.
The spot selected, in e.g. a river, is out of
the main ocurrent, either in front of, or behind
a large stone or other barrier. Any unwary
creature of suitable size which passes within a
few inches of this hidden danger, is seisged
with surprising suddenness and bolted at a gulp
or swallowed.gradually head first. To see an
eel oatapult two thirds of its length from its
tunnel to seize its prey is only less remarkable
than to watoh it suddenly draw backwards out of
sight; the flattened tail is evidently used as
a sort of spring, but it is diffioult to under-
stand how they accomplish this feat".

Big eels which are not buried in the sud-
* stratum presumably swim round for a while after
having seized prey. Llong~line fishermen oope
with this habit by using special long cross-
lines or by fishing exoclusively for big eels on
hot days, when eels are lazy, using special
sized baits such as ruff or small perch.

At all times eels seem more dependent on
scent than on sight for getting food. An
imitation worm of other bait dangled in front
of them produces little if any interest, but
any object whioh has been placed for some time
in a tin of worms causes immediate excitement.
(of. von Fritsch, 19413 Mohr, 1969).

(When baiting their longlines, fishermen
should take oare that their hands are clean;
such things as 0il or kerosene on the hands
cause a sharp decrease in the catch).

Besides the scent, the taste of food also
seems to play a r8le in food-uptake. Wunder
(1927) showed that meat drenched in quinine
is immediately spat out.

BEels in the northern part of Europe ab-
stain from feeding in wintertime. Sinha and
Jones (1967a), who studied eels from Welsh
rivers, stated that feeding is mainly restriot-
ed to the months of April to September. Ex-
ceptions are known, however (Frost, 1952).

It must be assumed that in the warmer southern
regions of their area eelg abstain from feeding
for a much shorter period, if any.

Eels are fully catholic with regard to
animal food, provided it is alive or extremely
freshe A list of species serving as food for
eel has to inolude virtually the whole aquatio
fauna (freshwater as well as marine) ooccurring
in the eel's area (see e.g. Frost, 1946}

Sinha and Jones, 1967a). The food list might
easily be augmented with animals living out of
water, e.g. worms, while fresh meat is taken
as well, With eels in captivity, unlike most
other creatures, there is no difficulty in
inducing them to feed, and they will thrive on
practically any diet.

The kind of food taken is greatly in-
fluenoced by size and availability (Schiemens,
1910). Thus, big eels are more inolined to
prey on fish they oan swallow than emall
eels, and as eels are mainly bottom dwellers
they prey more on the bottom fauna. Exocep-
tions are known, and plankton may be taken
vhen occurring in great masses (Schiemens,
1910). Instances of fish too big to swallow
being attacked and devoured gradually by eels
are also known, partiocularly when they are
ocaught in gill nets (louth Neagh, Deelder un-—
published; Morrison, 1929).

Their voracity is amazing. In an aqua~
rium, an eel of 30 om oonsumed an average of
12 g, or about 25 earth worms; per day. Such
ah eel can oonsume a dozen worms each about
5 om long in as many minutes, and after only a
few hours will be ready for more (Berry, 1935).

Because of the big eoconomic implications,
the food relationships of eels and salmonids
always arouse great interest. It is commonly
assumed that eels oease feeding each year be-
fore the earliest salmon spawn, and that they
do not become active again until after the ova
have hatched (Menzies, 19333 Sinha and Jones,
1967a)s This does not, however, apply to
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char eggs (Frost, 1952). Menzies (1933) refer-
red to an eel trap which was for some time bait-
ed with worms without any successj when, how-
ever, some roe of a dead salmon was placed in it,
it caught 44 eels between 11.00 h and 17.00 h
the same day.

About salmonid fry, Berry (1935) remarked
that eels account for large numbers of miller's
thumbs and loach, which are amongst the most
serious enemies with whioh alevins and young
salmon and trout fry have to contend, but it
must be doubted whether destruotion of such
enemies will make up for the numbers of small
parr which eela themselves consume, Most
coarse fish fry rest near the surface or among
weeds, whereas young parr rest on the bottom,
and it is owing to this faot that eels probably
consume & high proportion.

A similar problem exists in areas with
stocks of fresawater crayfish, as in Sweden.
The eels are kunown to0 attack the orayfish when
they have shed their shell during the moult.
In this -way presence of eels means a ocertain
%a;ge§ for the stock of orayfish. (of. Svirdson,
1967 )

3.43 Growth rate

Growth of eels has been investigated by
many scientists. No exaot determination is
possible from scales, so for this reason oto-
liths are mostly used, although sometimes it is
difficult to get a correct reading The latest
method is that described by Wiedemann Smith
(1968). The following examples were obtained
with otoliths.

Frost (1945), who investigated eels in the
Windermere area, found respective mean lengths
for eels of 1 to 17 (freshwater) years olds
9.0, 15.4, 19.5, 227, 264, 32.2; 38.4, 40.8,
43.2, 48.6, 51.8, 55.9, 57«9, 799, 76.7, 83.0
and 93.0 cm.

Sinha and Jones (1967) reported on eels
from the Welsh River Ffraw and gave mean lengths
for successive age—groups (sexes oombined) as
9.4, 16-2’ 19.4, 2204’ 26.4’ 29-4 and 3304 OofMe
Mean lengths for female eels from the same river
(starting after the 4th summer growth~period)
were 26.9, 30.1’ 35.0, 38.2) 43-2, 45.2, 4804,
5403, 60.9 and 6300 ole When plott@d, the .
"female" graph runs at a somewhat higher level
than the other, and the same feature applies to
two other eel populations investigated by the
authors. It is obvious, however, that the
pairs of graphs run almost parallel indicating
that after an initial faster growth females
grow at the same speed as males and undifferen~
tiated eels.

Deelder (1957a) calculated for eels which
entered the IJsselmeer in 1952, an initial

average annual growth of 4 to 5 om, and about
3.5 om for later year-clasgei. FEels living
in the Dutch Veerse Meer, however, show a much
higher growth-rate (Deelder, unpublished)s
viz. an annual average of 5 to 6 om.

Dahl (1967), who carried out stocking ex-
periments in Danish ponds, found an extremely
high growth-rate; mean lengths at the end of
the summer growth period in the first three
years after stocking were about 17.5, 28.9 and
43.9 om respectively.

Contrary to expectation, eels in the warm
southern European regions do not always show
exceptionally rapid growth. Deelder (unpub-
lished) studied esls from the Yugoslavian®
Neretva delta and found growths varying from
about 3.5 to 7.5 om per alnum, with a majority
at 4.5 to 5 om.

All investigators agree that eels belongw-
ing to one yearw-group may show very different
lengths; thus in a certain area a certain
length may be "ococupied" by several year-groups
gsimultaneously,. "To judge an eel's age solely
by its length, would be to risk an error of one
to five years either way" Bertin, 19563 p.43).

The length-frequency of an unfished yesar-
group of eels shows a Jaussian normal distribu-
tiony <the points fall on a straight line when
plotted on Gauseian paper (Deelder, 1963;

Fig. 2).

Eels of the same age vary in length, and
eels of the same langth vary in weight. Ex-
amples of this are given in Table III, from
the results of Marous (quoted by Ehrenbaum,
1929), who investigated 5,260 esls. As the
graphic "length" -~ "average weight" relation
is ourved (cf. Deelder and de Veen, 1958),
Sinha and Jones (1967), using the equations
W = al®, plotted the relation on double loga-
rithmio paper and got straight lines for eel
stocks from different areas, the lines for fe-
male eels nearly coinciding with those for
male and undifferentiated eels.

In this respect the study of Thurow (1959)
must also be mentioned. He observgd that the
factor K in the equation: G = K. is depend-
ent on age, season, onvironmeﬂ:ngE sex of the
eels.

The following examples concern the max-
imum sises which eels may attain. Day (1880
to 1884) mentioned an eel with a length of
1.12 m, a maximum girth of 25.4 om and a weight
of 3.3 kg He aleo reported an eel with a
weight of 4.53 kg. Nilsson (1860) mentioned
eels of 2.5 to 5.5 kg from Sweden. In 1939
an eel was caught in the Aller (CGermany) with
a length of 1.15 m and a weight of over 5.5 kg
(Anon., 1939), and Walter (1916) mentioned three
oatches of eels weighing 6 kg, each in Uermany.
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TABLE III
Relation between length and weight of eels (after Marous, in Ehrenbaum 1929)
LGg;h Number of inves- Avorag? ;eizht Weighz-%imits
om tigated animals g g
¢ 2 g 2 ' g
10 10 1.2 1- 2
11 11 1.7 1- 3
12 23 2.5 1- 3
14 44 3.8 2- 6
15 50 4.6 2- 7
16 55 5.1 3-12
17 iR 6.4 3-10
18 123 Te5 4=-19
19 159 8.7 4-12
20 150 12.7 6=15
21 188 1201 7-20
22 196 1344 ™23
23 198 15.3 9-23
24 256 17.3 11-25
25 362 20.1 12-31
26 379 22.1 14-33
27 312 92 2545 2444 15~ 43 17~ 31
28 237 113 29,2 26.8 19- 45 15—~ 40
29 210 141 | 31.8 31.1 20~ 46 18- 44
30 187 139 36.0 33.2 22~ 49 22~ 52
31 127 139 40.0 37.5 27~ 56 26— 63
32 84 108 45.5 42.9 29~ 63 28~ 63
33 37 86 48.2 45.6 34- 66 30~ 66
34 23 86 54.5 515 45- 75 38- 10
35 " 92 65.5 5546 52- 93 36- 81
36 10 .14 66.0 62.1 5T- 15 43~ 98
37 5 53 12.4 65.3 64- 95 50-100
38 9 37 82.7 T76.5 68-116 51=110
39 3 41 109.3 82.8 | 100-120 60-104
40 3 27 112.3 90,2 100-125 63~-110
41 - 17 - 100.5 - © 84-128
42 - 22 - 110.3 - 89-140
43 - 13 - 116.2 - 100-137
44 1 15 150 131.4 - 105=165
45 1 18 157 140.5 - 119-165
46 3 17 175 149.1 160-195 112-197
47 1 15 1714 162.7 - 134-202
48 - 22 - 166.0 - 122-230
49 1 12 182 183.5 - 144-220
50 - 19 - 205.3 - 152-287
51 ~ 14 - 227.0 - 170-303
52 - 26 - 244.4 - 200~295
53 - 23 - 247.4 - 185-327
54 - 27 - 266.4 - 178-413
55 - 29 - 279.2 - 218-340
56 - 25 - 292.0 - 240-340
57 - 25 - 310.4 - 255-3175
58 - 23 - 317.0 - 265-405
59 - 24 - 358.4 - 290-425
60 - 22 - 360.2 - 290-440
61 - 18 - 380.9 - 300-460
62 - 5 - 406.6 - 352-520
63 - 8 - " 385.0 - 340-420
64 - 5 - 448.4 - 375-595
65 - 4 - 455.8 - 430-470
67 - 2 - 481.0 - 462-=500
68 - 2 - 465.0 - 450-480
15 - 1 - 620.0 - -
76 - 1 - 667.0 - -
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Bertin (1956, p.51) concluded "that the in-
crease in the size and weight of eels is more a
question of food than anything else". The re-~
sults of some investigations indeed indicate
that food and its composition exert a deciding
influence upon the condition of eels.

Wiehr (1932) investigated the relation be~
tween foodfats and their biological consequences.
No chemical-histological differences can be de-~
tected between broadnosed and sharpnosed eels.
The latter category shows the greatest deposi-
tion of fat, particularly in the liver. Sharp-
nosed eels contain up to 27 per cent of fat,
broadnosed eels up to 12 per cent. Eel fat
consists mainly of glycerids of fatty acids,
while the fat of sharpnosed eels contains more
oleine.

The difference in fat-perocentages of sharp-
nosed and hroadnosed eels must be ascribed to
differeucens in feedings viz. the first group
takes the fattest food. The quality of the eel
fat moreover depends on the quality of the food
fate.

Thurow (1957) found 27 per cent of fat in
eels of about 280 g in summertime. Diseased
and injured eels, however, showed a far lower
percentage.

There are no indiocations that a high dens-
ity of eel stock deoreases the growth, provided
there is enough foods Meyer—waarden and Koops
(1968) reported on a pond on the Mosel bank
with a density of no less than {.8 eels per w2,
Food was available in plenty. Notwithstanding
the ocrowding, the mean weight increased by 76
per cent in one summer from 93.3 to 164 g.

Negative growth~rate has been studied by
Mann (1960), who kept starving eels and silver
eels for 3 to 4 months in bagins. His eels
lost up to 20 per cent of their weight. The
greatest loss observed was 28 per cent. Small
eels decrease in weight more quickly than large
ones., The same holds true for the fat content.
Eels, with their lower fat content, are there-
fore much more affected by loss of fat than are
silver eels.

3.44 Metabolism
Metabolic rates.

Several investigators have studied the
oxygen consumption of eels. Krogh (1904)
found a consumption of 40, 45 and 60.5 mg/kg/h
at 8%, 16° and 25°C respectively. Nicol (1960)
mentioned 63.4 mg Op /kg/h at 16.59C.  Precht
(1961) found for two eels kept at 18°C values
varying from 49 to 67 mg Ozﬁag/h. Bo8tius and
Bo8tius (1967) studied the oxygen consumption
of captive silver eels; at 12.5°C it amounted
to 20 mg Op/kg/h. At about 30°C the consump-

- trophin,

tion was about 111 mg/kg/h after acolimation
for 3 to 9 days, and about 94 mg when the ac-
climation period was 10 to 15 days. At a
temperature of 22 to 25°C, oxygen consumption
was about 57 mg/kg/h. The authors conocluded
that respiratory rate and heart rate of the
silver eel show a maximum at about 25°C.

Attention must be drawn to the statement
of Geyer and Mann (1940) that fishes kept to-
gether, consume less oxygen than they would if
kept separately. This opinion is in full
agreement with the experiences of eel merchants,
who manage to keep very many eels in tanks,
provided the eels are put in gradually and not
simultaneously.

Byozkowska-Smyk (1958) caloulated the
gill surface of a 1 kg eel to be about 9900 cm?,
which is extremely low compared with the gill
surface of other fish species. Krogh (1904)
had, however, previously explained this dis-
orepancy by showing that eels respire through
their skin, which provides for about 3/5 of
the total oxygen uptake, made possible by a
special capillary system.

Endoorine systems and hormones.

Bo¥tius et al., (1962) treated female
silver eels with chorionic gonadotrophin in
combination with oestrogenic subsgtances.
Growth of ovaries took place, but the animals
died before the stage of full sexual maturity
had been reached. The sexually most advanced
individuals showed egg diameters of up to
0.56 mm and a relative weight of ovaries of up
to 12.6 per cent. The corresponding figures
for untreated animals are about 0,20 mm and
t¢7 per cent. The increase in relative weight
of ovaries of the experimental animals was due
partly to an absolute growth of the gonad,
partly to a decrease in the total body weight.

The treatment caused only a slight growth
of the eyes as oompared with male silver eels
that had been brought to maturation by means
of gonadotrophin alone. Other observed symp-
toms that must be considered indicative of ad-
vancing maturation included atrophy of the jaws,
internal atrophy in the head, and ocertain
changes of ocoloration.

More recently, Fontaine et al., (1964)
succeeéded in producing experimental spawning
of female silver eels by treatment with pitu-
itary extracts from carp.

Spermatogenesis has been induced experi-
mentally by several authors (cf. Bo&tius and
Bo&tius, 1967)s These latter authors injected
male silver eels with human chorionic gonado~
A complete sexual cycle was induced
and characterized by seven stages. Maximum
eye-size was reached just before spawning.
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Jasinski (1961) and also Muir Bvans (1940)
studied the pituitary gland of the eel. The
latter disooversd oertain changes oconnected
with the eel's biology, imcluding the develop-
ment of the gonads.

With regard to osmotio relations, atten-
tion must be draw to Parry's (1966) oompila~
tion about osmotio adaptation in fishes. From
it some items may be mentioned here.

Most striking ohanges in tissue composi-
tion have been observed during an eel's life.
The leptooephalus ocontains 94 per ocent water,
elvers passing into estuaries have 86 to 80%
after one week in fresh water 82 per centj the
water content of muscles deolines from 73 per
cent in yellow eels to 63 per oent in silver
eels. The deocline in water oontent is as- .
sociated with fat and nitrogen accumulation but
also with an inorease in eleotrolytes:

Organioc (g/kg water)

nitrogen fat
Elvers 25 29.2
Yellow eels 42 40.8

‘Bleatrolvtes (m-eauiv./kg water)
sodium potassium oaloium magn. ohloride

Elvers 36 670 157 1642 19.2
Yellow
eels 63 890 195 17.1 2746

The muscles of eels in seawater, prior to the
spawning migration, have shown a 10 to 15 per
ocent inorease in electrolytes.

Integrity of the skin is important in main-
taining interal stability. Impaired osmotio
control results if the muoous coat is not intaot
as is the case with elevers. Salinity ochange
is followed by a gradual change in blood conoen-
tration; with a grown esl 50 h is needed for
the blood oonoentration to stabilise within the
normal range. .

Silver eels have been investigated es-
pecially (ref. Parry, 1966).

It appears that their alimentary ocanals play an
important osmotic role too. When filled with
seavater they absorbed 18 to 14 per oent of
their volume of water from the medium. This
passive influx of water was greater in aliment-
ary canals from animals adapted to seavater
than in those from animals' in freshwater. There
is also a passive sodium efflux from the gut at
a rate 16 to 35 per cent in 2 h. It is sug-
gested that there is an initial loass of body
water in the gut, followed by a loss of sodium
from the gut into the blood, and then absorption
of water from the gut fluid.

In the silver eel, glomerular filtration
rate changed froa 110.5 ml/kg/day in fresh~
water to less than 25 nl/kc day in seawater;
the definitive urine volumes were 84.5 and
15 ml respectively. This adaptation to a
more saline environment thus involves both a
ohange in glomerular filtrationrate and in
tubular resorption.

Water and sodium chloride follow osmotio
snd ionic gradients. The gills of esls adapt-
ed to seawater lose sodium chloride ten times
faster in seawater than in freshwater, while
those of freshvater eels lose salt independent-
1y of the oconoentration gradient.

The speoific loous for salt exchange was
Testricted by Keys and Willmer (1932) to aoci-
dophil cells in the gill-epithelium at the
bases of the lamellue. The "Keys=Willmer
oslls" have been sudjeoted to an investigation
oarried out by van Dyok (1966). A remarkable
inorease in the number of Keys-Willmer oells
was observed in injured eels living in seawater:
the mean number of oells per lamella base in-
oreased from 3.12 t0 4.79. MNoreover the cells
change in aspeot, in sise and in number during
different stages in the development of the
animals, when these are exposed to water of -
different salinities, either under natural or
experimental conditions.

3¢5 Behaviour
3,51 MNigrations and local movements

Migration seems 1o be the most important
phenomenon in the life cyole of the eel, In
faot all stages of eels show a more or less
pronounced migration, and with the exoception
of the yellow-eel stage all stages are fully
engaged in performing extensive migratory move-
ments. Only the yellow eels show distinct
sedentary periods, which are used for feeding
and fattening.

From what is known about eels the conclu-
sion may be safely drawn that they have a close
oconnection with deep-sea regions. -Some speocies
have transferred their feeding area froa the
sea to freshwvater, and these species all show
migratory movements which are a logiocal con-
sequence of the combinations deep-sea spawning
area, strong ooceanic ocurrent flowing away from
that area, ocoastal area touched by this ocurrent
and freshwater to grow up and mature in.

Apparently this combination 1is essential
for all the migratory eel species, implying
that the peoculiar life histroy of the European
ool shows considerable similarity to that of
other species.
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There are opinions that the life history
of the Buropean eel is a result of oontinental
drift, oreating a gap between Amerioa and
Burope-Africa (of. v.Ubisch, 1924). It may be
noted here that the relation of all eel species
with deep-sea regions may be regarded as pri-
mary, while the relation of some species with
a freshwater area is secondary. In the ocase
of continental drift, this would imply that be-
fore the drifting started a deep—sea area was
already present between the oontinents, whioch
has remained near the American oontinent.

3.511 MNigratory movements of the
larval or Leptocephalus stage

After tentative suggestions by various
authors, among whom oertainly must be mentioned
both Redi and Spallansani, who deduced that
eels spawned in the sea (of. Bertin, 1956, p.
4~T), it was Schmidt (1922, 1Y23) who developed
& thesis on the migratory movements of the lar-
val esl.

" leoted by him in the Atlantio and the Mediter-
ranean after the first larva~find in the At-
lantio by him in 1904 off the Faroe Isles.

Migration starts at the spawning area
which Sochmidt assumed to be situated between
about 22° and 30°K, and about 48° and 65°W,
with the ocentral part at a lattitude of about
26°%, ooinoiding with the depths of the Sar-
gasso Sea.

Bertelsen (1967) defined the spawning area
more precisely during the "Dana"-expedition of
1966, MNumerous small larvae were found in
April in the South-Western part of the area des-
oribed by Schmidt, and only there... As no lar-
vae were found during the preoceding FMebruary
oruise, he ooncluded that spawning begins at
the end of Narch in this area, which is situa- -
ted near tlhi§q intersection of the 'l'ropio of
Cancer with the 60°W meridian.

The ocourse of the la.rval migration may be
desoribed best in Schmidt's own words: "Spawne
ing commences in early spring, lasting to well
on in summer. The tiny larvae, 7 to 15 mm
long, float in waterlayera about 200 to 300 m
from the surface, in a temperature of about
20°C. The larvae grow rapidly during their
first months, and in their first summer average
about 25 mm in length. They now move up into
the uppermost waterlayers, the great majority
being found between 50 and 25 m, or at times
even at the surfaoce itself. Then they oom-
mence their journey towards the shores of Europe,
aided by the sastward movement of the surface-
water itself. During their first summsr, they
are to be found in the western Atlantic (west
of 50° long, We)e By their seoond summer they
have attained an average length of 50 to 55 ma,
and the dulk are now in the ocentral Atlantio.
By the third summer, they have arrived off the

This was based on mumerous data ool- -

coastal banks of Europe, and are now full-
grown, averaging about 75 mm in length, but
gtill retaining the compressed, leaf-shaped
larval form" (Fig. 3).

Considering the frail appearance of
"lLephtooephalus brevirostris™, it is obvious
that it leads a planktonio Iifo, so that its
distribution is determined by movements of the
“ourrents im the sea of which the Gulfstreanm
and the North Atlantio Current are the most
important.

This assumption explains the distridbution
during the winter months in the Mediterranean,
where eel larvae have been observed as far east
as the Sicilian Channel and ¢he Straits of
Messina, transported there with Atlantic water
from the Straits of Gibraltar by the Mediter-
ranean surfaoce ourrenis, as Schmidt already
presumed in 1912 (Schmidt, 1928; Sverdrup et
Blu’ 1952)-

With regard to the Atlantic journey,however,some
doubt rises. Brongersma (1967) traced a case of a logger-
head turtle (Caretta caretta (L.),which stranded at the
Shetlands when being just over a year old and which must
have been carried over the Atlantic by the prevailing
current streaas in that period. Moreover,combining data
on the movements of derelicts that have floated from
American Atlantic waters to European ccasis,an earlier
worker estimated the duration of the voyage to be 13 to
17 mo. This fits in nicely with the size of the smallest
turtles recorded in British waters. According to oceano-
graphical evidenoe,the shoriest time needed by a float-
ing object to drift from the Florida Strait to Great
Britain can be estimated at ten months,and some turtles
may have completed the crossing in that time,but under
less favourable circumstances the trip will tske a year
or even more .

This evidence, assembled by Brongersma,
_does not tally at firast sight with Schmidt's
ideas of the Atlantic crossing of the lepto-
cephalus, and the subject therefore needs more
investigation. .

As a oonsequence of the primary influence
of Gulfstream and North Atlantic Current, eel
larvae, and consequently later on elvers, must
be most abundant where the main stream of the
North Atlantioc Current meets the coasts of the
Buropean ocontinent. By this interaction the
great abundance of elvers in S.W. Burope is
gensrally explained. Another peculiarity may
also be ascribed to the Atlantio transport sys-
tem. It is known that quantities of elvers
vary greatly from year %o year. Figure 4 pro-
vides a typical example. Such important dif-
ferences can possibly be caused by shifts of
the branches of the North Atlantioc Current, so
that, acoording to the flow, sometimes more
sometimes less eel larvae are transported to
certain regions.
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Schmidt, 1928).
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Due to the faot that no less than three
full year-classes of eel larvae are on their way
at sea, they sometimes are called the migratory
fish "par excellence". We must, however, draw
attention to the faot that they are not actively
migrating animals, using their own strength to
oarry out olearly directed movements. Their
migration is due entirely to transportation by
ooceanio ourrents. Only when the larvae are
fully grown do those in the Atlantic Ocean exert
their activity by staying in the vioinity and
west of the 1,000 a depth line around the Bur-
opean continent (Schmidt, 1928). (No data
about thie feature in the Mediterranean are
known). Here they manage to stay and here they
metamorphose, i.e. they turn into elvers over a
period oovering several months in autumn. After
having beoome elvers the migration is resumed in
winter. :

It is of interest to wonder about the
ability of lephtocephalids to recognize the
1,000 m depth area so that they interrupt their
migration and stay there for some time to meta~
morphose. In this respect attention may be
drawm to Westenbexrg's idea that many pelagio
teleosts are able to discern different depths.

Westenberg (1952) stated that ocertain Indonesian

fishes are able to swim parallel to a ooast}
they are even able to keep along a oertain depth
contour (as the leptooephali do)e He explained
this featurs not as due to the surf but to the
ruffled water surface sending vibrations down-
ward which are reflectsd from the bottom. This
will set up resonance with an average wave-
length of four times the depth, so that a part-
icular low-frequency resonance will ocorrespond
to a certain depth, which resonance should be
discernable with the fish' auditory and/or lat-
eral line system.

3.512 Elver migration

During the period between the two meta~-
morphoses of larvae turning to elvers and elvers
turning to eels, the elvers do not feed (Johan-
sen, 1905). Consequently they dininish in sise.

Grassi and Calandruccio (1897) showed with
aquarium experiments that the metamorphosis of
the eel larvae into elvers is accompanied by a
diminution in breadth and length. The ocharao-
teristic of early-season elvers being larger
than the elvers arriving later is well known
too. Johansen (1905) measured elvers in the
North Sea and off Denmark and noticed a differ-
ence of about 6 mm between mean lengths at the
start and .the end of the season. Similar ob-
servations have been made by Paget (1923, see
also Libbert, 1930), Heldt and Heldt (1930), who
observed a difference of 6 mm between the mean
lengths of elvers, and Menzies (1936) who pub-
lished graphs on the lengths of elvers reaching
N. Ireland which show a decrease of almost 4 mm
during the season. Menzies moreover noticed

that at the end of the season the elvers are
obviously thinner than dbefore. It may be
safely conoluded that the proocess of deteriora-
tion during the metamorphic stage is progres-
sive until the elvers start feeding again,

and Schmidt (1906) put the total loss in
length at 1 om, taking about a year.

Acoording to Bertin (1956) quantities of
elvers reaching the coastline show a definite
periodicity, not only yearly but also a six-
yearly. All variations in the abundance of
elvers in his opinion must have their origin
in variations in the great waters.

Elver catches at Den Oever (Holland),
howsver, ocarried out from 1938 onward in
striotly the same way, do not reveal any
periodiocity at all. The same conclusion may
be derived from catches at the river Bann
(N. Ireland) and the Severn (England) (of.
Deelder, 1952), (Fig. 4).

The migration of elvers has often aroused
oconsiderable interest and oomsequently has
often been the subject of soientific study,
especially in ocastal waters, where investiga-
tions oould be carried out most oconveniently.
These results, with some extrapolation, lead
to a tentative hypothesis.

Beosuse the area of metamorphosis in the
Atlantioc is at the edge of the oontinental
shelf, the migration here occurs mainly in
water areas under tidal influence, and for
this reason one may be inolined to assume a
relation between elver migration and tides.
Studies carried out in the ooastal waters of
the North Sea have shown that elvers here use
tidal movements, but one should not forget
that a great many elvers migrate amnually in
the Mediterranean where tidal influenoce is
praotically nil. Nevertheless elvers still
nmanage to reach areas as far as Egypt or the
North of the Adriatic in winter or early
spring. It is & pity that oomprehensive
data about migration in the Mediterranean are
lacking, as in our opinion resulte from here
may be revealing about the nature of elver
migration in the open sea. In this respeoct
the observations of Paget (1923; see also
Libert, 1930) deserve attention. He noticed
that in Egypt, elver immigration oococurs in
two distinot waves, with some months between.
This feature.oontrasts with the situation in
Western Europe and in the Western Mediter-
ranean, and in our opinion suggests that
elvers reach Egypt via two different migration
roytes in the eastern part of the Mediter-
ranean.

Aoocording to Schmidt (1906) elvers can
be discovered every year in the Atlantic from
September to November onward, and we may as-
sume that elver migration starts in this
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period from the area of metamorphosis towards
inland waters. Sohmidt also produced a map of
Western Europe, later ocompleted by Walter (1910),
which showed the most important places and .
months of elver immigration. Such data can be
used to caloulate the migration speed at sea.
The latest attempt was made by Meyer-Waarden
(1965) who mentioned a value of about 7 kam per
day, but this oannot be more than a rough result
. considering the uncertainties of the beginning
and end of the migration. To show this, one
exanple may be put forward heres Sohmidt (1906)
mentioned immigration into the Severn (England)
in Pebruary; Creutsberg (1961) and Xeyer-
Vaarden (1965) put the Severn in the December
area, while the ocommon opinion in the Severn
area is that normally elver immigration begins
here in April.

Fothing conclusive is known about the
start of elver migration at sea; the end period,
when the elvers strike land, is strongly in-
fluenced by the water temperature (Table IV).
It is obvious that in mild winters elvers arrive

¢.8., in Holland as early as January. Assuming

the same starting time, this would lead to -
the oconclusion that elvers are able to achieve
& miok higher migration speed in the sea than
Neyer—Vaarden found. It is hard to imagime
hov these tiny animals sucoeed in achieving
such & veloocity by their own strength, whioch
consideration stregthens the assumption that
elvers may use the sea ourrents, i.es. the
tidal streams, for their transport.

As stated above, the elver migration in
estuarine waters has been a sudjeot of some
studies. Deelder (1960) from 1946 to 51,
and also Creutsberg (1961) from 1955 to 57,
observed the phenomenon that, superimposed up-
on a vertiocal day-night rhythm, elvers swim in
the upper water layers during flood tide and
keep to the bottom during ebb tide, thus caus-
ing extensive inward aigratory movements if
flood ooinoides with darkness. Henoce it is
obvious that elvers disoriminate between the
two tides when migrating in an estuary. Wheth-
er, in the open sea, they let themselves be
transported in a oertain direction by water

~movenments and stay near the bottom during any

TABIE IV

The dates on which elvers were first noticed at Den Oever,
Holland, in a series of years and the water-temperature of the

ocoastal sea in front of Den Oever.

(After Deelder, 1952)

Elvers Temp.°C i Eivori"'l‘oip.%

1938 1939

62111 .= 5¢1 22,11 - 4e1

- 55 - 41

- 546 - 4.5

- 5.8 - 4¢5

- 601 d 406

- 6.2 - 4.6

12.111 23 6.0 28.II 43 4.4
1942 1943

6.1V - 4.7 27.11 - 5.1

- 5.4 - 5«2

- ' 503 - 5'5

- 5¢5 - 57

- S5e1 - 59

- 5¢4 - 540

12,1V 2 6.0 5.II1I 11 5S¢4
1947 1948

51V - 4.6 11,111 = 4.5

- 4.4 - 4.8

- 4.4 - 50

- 307 - 501

- 4.4 - S5¢3

- 4'2 - 403

1.1V 5 4.8 17.111 3 55

Elvers Temp.°C Elvers Temp.°C
1940 1941

29.111 - 4.4 14,111 - 3.9

- 4.8 - 3.9

- 4.6 - 4.0

- 544 - 442

- 5.8 - 41

- 5.6 - 4.2

4.1V 83 5.8 20.1I1 5 4.7
1944 1946

15.II1 - 4.1 5.1I - 42

- 4¢3 . - 443

- 4.6 - 4-5

- 4.7 - 4.8

- 4.8 - 4.7

- 4.7 - 403

21.111 3 407 11.11 3 4.7
1949 1950

11.1I - 4.1 3,111 - 4.7

- 4.4 - S5e1

- 4.3 - 53

- 4.7 - 5¢3

bt 4.9 - 500

- 4.9 - 5¢3

17.11 6 4.7 9.1II 16 566
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water movement in the reverse: direstiomsae
posed by Creutzberg (1961), is still an open
question. Such a phenomenon, however, would
not form an isolated case, since De Veen (1967)
showed that soles (Solea solea) discriminate be-
tween different directions of the tidal ourrents
in the North Sea.

During the estuarine migrations, Deelder
(1952, 1960) could not find a relation between
elver movements and salinity or temperature
gradients. With regard to temperature it is
sometimes supposed that temperature differences
are responsible for the migration of elvers
from the sea into estuaries. The warmer water
of an estuary should "attract" the elvers awvay
from the colder sea. That this opinion is not
true in all circumstances is evidenoced by
figures published by Postma and Verwey (1950)
for the water temperature at a certain point in
the North Sea, at the entrance to the Waddensea
and in the Waddensea. They showed that at
exactly the time when migration is most intense
(March to April) the average temperature is the
same at all those placed, so that there ocan be
no attraction by warmer water in the Waddensea

estuary.

In a series of well planned experiments,
Creutzberg (1961) did not get satisfactory re-—
sults when trying to get a relation between
salinity changes and the activity of elversj
he even observed an apparent indifference to-—
wards salinity. On the other hand he could
release a flood~ and ebb-swimming behaviour by
raising and diminishing the inland-water odour
content of the water, thereby proving that the
odour of inland water is a factor with which
elvers discriminate between the tides in an
estuary. (One cannot assume, however, that
this factor exerts any. activity in the open sea,
80 if it is proved that elvers have a tide-
disoriminating ability there too, it must be to
another faoctor. After having arrived in an
estuary or an area vwhich ocan be considered as
eetuary-like, the elvers come to a delay of
their migration in which the second metamorpho-
sis or transition takes place. The factors
which define the area of transition are not yet
fully known, but it may be presumed that salin-
ity together with water—temperature are the most
important.

Creutzberg (1961) pointed out that in suoch
a transition area elvers are carried to and fro
by the tidal streams (if these are present) so
that they stay in the same water mass of about
8 to 11 per mille C1 and a temperature of about
4°C and higher. .

lower temperature seems to have to be cor-
related with higher salinity and reverse.
Deelder (1952) noticed the disappearance of
elvers in a certain region during a sudden cold
spell. Creutsberg (1961) noticed not only that

" peculiaritiess

e

£ as éhi{ Sppia
sare’ ‘the “sea-than nodially,
vis. in an area with highét salinity, bvdt he
also made the remarkable observation th&t un-
der these circumstances migration with'thes
ebb tide might be greater than with flood tide,
implying that many elvers were retreating from
the brackish water. (This again is an indi-
cation of the sophisticated use which elvers
make of tidal movements). :

From the foregoing it is evident that the
area of migration delay or transition area can~
not be fixed from year to year at the same
position. It is cbvious that.under certain
conditions, especially later in the season,
elvers move up as high as possible, that is
just in front of barrie®s such as weirs or
sluices. Deelder (1358, 1960) had the oppor-
tunity to observe several aspects of transi-
tion in such an area, viz. at the sluioces at
Den Oever, Netherlands. These observations
may be discussed here in brief since the trans-
ition seems to be an important stage in the
migratory life of elvers. It divides migra-
tion in the sea from that in freshwater, and
apparently is necessary to convert the elvers
into the necessary conditions for living in
freshwater.

At this place during every elver season
from 1938 8nuard, a haul was made with a fine
meshed 1 m® dipnet, at intervals of two hours
every night in about 5 m of water. The catch-
es (Table V) not only gave a oomparison of the
numbers of elvers in this brackish area during
congecutive years but also revealed some other
e.g. that under certain condi-
tions elvers may be present with a temperature
as low as 1° or 2°C, but they mostly arrive.in
this area with @ temperature of about 4°C, as
we already learned (Table IV). One of the
most important items was the activity of the
elvers in the upper water layers, whioch also
here turned out to be greatest during the night
(Pig.5a & 5b)e De Veen (of. Deelder, 1952)
caloulated the average pattern of this nightly
activity in four successive fortnights and
showed that it is mainly determined by the
beginning and end of dusk (Fig. 6). In the
daytime the elvers bury themselves in the
bottom or they retreat to much deeper water of
about 20 to 30 m if available (Deelder, 1960).
In this respect the experiment of Van Heusden
(1943) may be mentioned. He kept elvers in
an aquarium for a long time, and by turning
out and on the light in the aquarium room
every day an hour earlier, he finally got an
artificial night, and ocomsequently "nightly"
elver-activity in daytime, and reverse.

Comparison with catches made at the other
end of the Afsluitdijk showed .that no relation
exists between behaviour and‘bhases of the moon,

/
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Fig. 5a The average course of the nightly elver-activity at Den Oever, Holland,

in the years 1938-1949. During the elver-season swimming elvers have
been caught here with a 1 »° dipnet, hauled straight from bottom to
surface at two~hour-intervals every night at the same place, just in
front of the sluices (see also Fig. 4). After Deelder, 1952.
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Fig. 5b The ourve of Pig. 5a drawn on Gaussian paper.
This graph is nearly straight which indioates
that the former is of almost normal shape .
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Pig. 6 The average course of the nightly elver activity at Den Osver, Holland, .
during four successive fortnights of the elver season. (see also Fig. 5a). -
After Deelder, 1952. .
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TABIE V

Number of elvers caught anmually at
Den Oever, Holland, with a dipnet

Year Number

1938 7,806
39 26,028
40 4,873
41 5,502
42 5,433
43 6,375
44 16,340
45 -
46 2,436
47 1,564
49 2,046
50 2,247
51 6,407
52 41,626
53 7,046
54 11,428
55 20,376
56 4,249
57 10,249
58 48,600
59 20,677
60 19,430
61 20,036
62 33,476
63 27,077
64 14,005
65 38,255
66 : 8,861
67 14,650
68 10,433
69 6,979

although this is often alleged. Presumably

this last opinion is influenced by local situa-
tions in which tidal movements, which are re-
lated with phases of the moon, play a decisive
r8le (Deelder, 1952).

Obvious differences in oonduct between new-
ly arrived elvers and those which have been
rresent for some time have been shown by regular
obgservations in the transition area and lead to
the conception about the temporary delay in the
migration. These differences relate, among
other characteristics, to vertical movements,
schooling behaviour, artifiocial light, flowing
freshwater and orientation, which phenomena
have been checked by aquarium trials (Deelder,
1958, 1960).

After arrival in the estuarine area,
elvers gradually develop tendencies to swim
at the surface and to form schools, preferably
moving along the banks. Although newly ar-
rived elvers do not have the slightest inolina~
tion to migrate against a flow of freshwater,
and even try to swim actively out of it if they
get in by accident, they gradually alter to a
preference for freshwater. This peculiar
change-over offered an opportunity to colleoct
data during the transition period in an aqua~
rium about the percentage of elvers swimming
against or with a flow of freshwater, thereby
indicating their willingness to resume or de-
lay their inward migration (Fig. 7).

Another method to_investigate how far an
elver has changed its conduot is to shine a
strong light on it when it swims at the surfaoe.
Only at the end of the transition period are
elvers attracted by » sirong ligit. They are
repelled by it at the beginning of the period,
when they are, however, atiracted by a faint
light, which induces them to congregate at a
small distance under the surface in the circle
of light. Elver fishermen in estuaries know
this phenomenon perfeotly well, and for this
reason use a candle or faint kerosene light to
obtain the biggest ocatches. Deelder (1958)
described these ocirocumstances in the Severn.

In this connection it may be mentioned
that De Veen (personal communication) made
preliminary observations with a partly covered
elver aquarium at the beginning of the transi-
tion period, using a movable faint kerosene
lamp. He showed that elvers at that stage
are attracted only by a certain light intensity
and are repelled when this (small) intensity
is increased or diminished.

The phenomena oocourring during the transi-
tion period undoubtedly indicate that in estua-
rine areas the elvers stop their migration for
some time and resume it after a presumably phy-
siological change-over has taken place, which
results in an adaptation to freshwater life.

This migration-stop is very conspiouous
in small brooklets which flow direoctly into
the sea. Mr. D.o'leary (personal ocommunioca~-
tion) from Ardnacrusha (Eire), stated in this
respects "We find that large numbers of elvers
arrive at the junction of the brackish water
and the fresh in February and usually do not
enter the fresh until May or June ....".

Deelder (1960) observed that elvers, when
entering artificial water-outlets, need not
migrate at the surfaoce. On the contrary, at
these places they seem to prefer to migrate at -
the bottom, If this is not possible it will
take some days more before elvers start their
migration at the surface, viz. 7%, acoording
repeated observations by Deelder (1954a),
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Fig. 7 Percentages of elvers staying in a small aquarium provided with a constant
flow of fresh water. The lower graph refers to elvers freshly oaught in
sea with a dipnet. The upper graph refers to elvers caught while climbing
against a freshwater-tricklet. All experiments lasted 15 minutes, except’
the first three of the lower series. Then the elvers had disappeared
within 50, 100 and 140 seconds respeotively. (After Deelder, 1958).



<122

FIRI/S80 Anguills anguills

. Onoce the elvers have finally arrived in a
freshwater amsa®, their migration, if ocontinued,
ooocurs at the-surface. The orientation of
these elvers seems to be a complicated phenom-
enon. In completely still and pitch~black
(vis. oompletely ocovered) water areas, flash-
light observations of Deelder (unpublished) have
disclosed that elvers are experts in orientating
themselves along the banks. If such a water
area is enolosed (e.g. & ship-lock) this charao-
teristio results in an endless swimming round
and round, at a speed of about 10 to 15 om/sec.
Because of the total absence of light, visual
orientation must be impossible, and it is for
this reason presumed that the lateral-line sys—

. tem plays an important r8le in the orientation.
- It not only enables them to looate the guiding
bank, even at a distance of 1 m or more, but
also to dodge impeding objects ahead. This -
presumption of oourse does not imply that vis-
ual orientation, when possidle, is not applied.

Visual orientation of elvers migrating up-
river might have been possible in the following
situation (Deelder, unpublished). In 1955 the
reoconstruotion of the fish- and elver-pass of
the Meuse-weir at Lith, Holland, was completed.
Elvers, which had climbed the elver-pass suo-
cessfully, either chose to follow the riverbanki
at their right side or the oconorete dam between
the elver-pass and the weir at their left side.
(Obviously the riverbank at the right was too
. far away (2 m) to be perceived by the last
group).

The result was that at the end of the dam
all elvers turned along it and oonsequently
then swan towards the weir with its heavy over-
flow, which swept the elvers downstream again.
To prevent this unintended development a screen
had to be built, running from the dam towards
the riverbank for a distance of about 20 om.
The elvers now followed first the dam, then the
soreen (still at their left side) and at the
end of the moreen picked up at their right side
the riverbank, which was duly followed upstream
together with their fellows from whioh they had
recently separated.

A roughly similar situation, visz. at the
underside of the Elbweir at Qeesthacht, has
been depicted by Tesch (1965).

In natural oircumstances ocontinued migra~
tion of elvers takes place mostly in rivers
and may oover oonsiderable distances. In
Holland surface-migrating elvers have been ob~

served at a distance of 120 km from the sea
(Deelder, 1960), which area, however, was
still influenced by tidal movements, so the
elvers might have benefitted from flood-tides.

Beoause of their conspiouousness, not
least at obstacles which have to be surmounted,
schools of elvers always attract much atten~
tion. Some vivid desoriptions have been
given, inoluding that by v.Siebold (1863),
and many attempts have been made to correlate
their appearances with external factors. An
elver school is obviously the final result of
a simultaneous responding of masses of elvers
to external influences within the estuary,
vhereas the guiding (river-) bank acts as a
oconcentrating faotor. A study of a sighted
elver school should therefore have started
some time before in the estuary.

Statistioal data on elver movements at
the Herbrum-weir in the river Ems have been
analysed by Meyer and kftnl (1952 to 53).

They conoluded that the phase of the moon,
air temperature, air pressure, weather oondi-
tions, salinity and water temperature are all
without influence on the migration, although
at the beginning of the migration season the
water temperature must be of deoisive import-
ance. From what we have learned above, it
is obvious that elvers require a certain min-
imun temperature to migrate to inland water
areas; this, acoording to Schmeidler (1957,
1963), is 9°C for the first few, although 109C
seems to be necessary to start full-soale
migration.

Aocording to Meyer and Kithl (1952 to 53)
full-scale elver migration only ocours at
night and especially when the tide is rising;
1 to 2 h after highwater the migration stops.
They ocaloulated that the migration speed in
the Ems is about 2.2 to 2.5 km/h, i.e. 55 to
70 om/sec. This high value of course refers
to the earth and must be mainly the result of
tidal water movement, which feature gives us
a clue how 1o explain the start of the elver
immigration.

It is commonly known that immigrating
elvers are aware of counter-ocurrents. The
stronger the counter—ocurrent, the more elvers
are inclined to swim close to the bank or even
stop migrating at all, hiding themselves be-
tween stones, weeds and so on, until the )
counter-~current is over. They then resume
their original direction, which they keep once

" they have started their inward migration.

* It must be borne in mind that the tera "freshwater" is used here solely to distinguish the in- -

vaded water area from the sea, without referring in the least to the salinity.
we must remember that elver immigration may also oocour into highl
areas, e.g. the lake of Tunie (Heldt, 1928; Heldt and Heldt, 1929).

In this respect
braockish or even saltwater
Suoch knowledge, combined

vith that of the results of Creutsberg's experiments (1961), strongly supports the idea that it
is not the salinity but the odour of the water which influences the inwvard migration of the elvers.
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Noregver we have seen that elver activity in-

creanes oconsiderably after sunset and that

- fzeshwater in & river mouth (of which the temp-

erature has attained at least the necessary
aininal value) occurs during ebd-tide, it stinm-
ulates all those elvers which are ripe for in-
wakd ajgration to rise to the surface during
the next night and start their migration up-
stream as the ocurreant gradually subsides, i.se.
when the water level is rising. In doing so
the elvers seek the vicinity of a riverbank for
guidanoe, thus oreating the well-known huge
schools of elvers, which profit from the upward-
ly directed water-surge.

In this respect it may be noted here that
Tesch (1965), who studied elver behaviour in
estuaries of rivers in Germany, noticed most
elver schools after nights when high-water at
the upper boundary of the tidal flow occurred
at midnight. He observed morsover that elvers
may start their migration even in daylight,

when the ebb ocours in the early morning. This

migration breaks off during the afternoon.

¥rom what has been disocussed above, one
gets the impression that the orientation of
elvers is solely based on one of the banks of
the water~area conocerned. That this impres-
sion is not quite true, however, has been proved
by Neubaur (1933) whose observations indicate
that elvers are well able to keep a certain
direction for some time, notwithstanding the
disappearance of the guiding bank. This may
be due to the outflow of sidewaters from the
water in which the migration takes plaoce oxr to
tributaries joining it. Thus the elvers have
to oross these branches to piok up the bank
wvhich they previously followed. Neubaur ob-
served that even great drops in salinity need
not divert the elvers from their original ocourse
although afterwards the elvers have to swim into
water with higher salinity again.

Acocording to this suthor elver-orientation
may be explained by assuming that elvers smell
the odour of the water in which they swim and
that they follow their original course if a
Jjoining strean does not smell as attraotively.
Neubaur's assumptions were completely oconfirmed
by Creutsberg (1961).

Finally we must drawv attention to the
phenomenon that, onoce the elvers are on the
move, they nevertheless stop when the tempera-
ture becomes too low. This is especially oon~

spicuous when elvers oome out of the water and
olimb & wet area. Nensies (1936) observed at
the Bann weirs that elvers stop mounting the
elver—passes during frosty nights or with oold -
northerly winds. No matter how great the
elver run might be, if the wind moves to the
north, they immediately disappear from the
passes and the run stops.

3¢513 Eel migration

Eels, i.o. the feeding and fully pigment-
ed animals into which elvers turn, may also
show migratory movements, of which those per-
formed in the summer seem to de of great bio-
logical importance as they are responsible for
the oocupation of water areas far from the sea.
This statement does not imply of ocourse that
all eels migrate in sulimer. This is clearly
demconstrated by the overcrowded stooks of slow-
growing eels in river mouths, which in some
oaaoln?o.g. in Germany and Holland) gave rise
to full-sosle fishing, for transporting and
Teleasing in other waters for stocking purposes.

The sunmer-migration may oocour from estua~
ries up to the sources of rivers and is most
conspicuous at the eel-passes alongside weirs.
Moving upstream, the migrating eels show an
increase in average sisze, and oonsequently in

age.

In this respect Trybom and Schneider's
(1908) remarks may be mentioned about summer
migration in the Baltioc, which can be consid-

‘ered as & big river-estuary with several trib-

utaries#, Acoording to these authors tle
phenomenon of increase in average sige in an
eastwvard direction is obvious. They mention
the results of Nystrdm who megsured 1,000 eels
at the TrollhKttanfall (G8ta Alv) in Southern
Sweden and who found lengths varying between
8 and 65 cm, with a majority between 20 and

30 cme The following table is based on these
data and others given by Nordqvist (1917, of.
Wulff, 1921).

Number Average Average Average
age length  weight

TrollnBtan 183 3.7 year 25.7 om 25.7 g

(a8ta A)
Motala near 114 5.5 30.4 34.3
JNorrk8ping -
Alvkarleby 127 643 36.2 49.7
(pal X

# It must be stressed that the immigration into waters around the Baltic should not be ocompared
with that in the Mediterranean, although this has deen done sometimes (of. dfAncona, 1958). The
summer migratory movements in the Baltic area are ocarried out by eels, no matter what size they
are. On the contrary, immigration into Mediterranean ocountries is carried out by elvers, ful-
£illing their non-stop trip from the area of metamorphosis toward the inland feeding region. As
eels and elvers form two different groups with stirongly diverging characteristics, any comparison
between migration of Baltio eels and Mediterranean elvers must be rejected. ‘
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In Finland, immigrating eels are also big.
Examples are given by Trybom and Schneider
(1908) who quoted measurements of eels from the
Kumo—elf, oarried ocut by Nordgvist; the lengths
varied between 31 and 54 om, with the majority
between 36 and 43 cm.

It is not known what part of the local eel
population participates in the summer migration.
Observations of Mann (1963) at the Geesthacht-
weir in the Elbe showed that the summer migra-
tion may occur from the beginning of April till
late autumn (even till November—December), so
it is quite probable that a oconsiderable propor-
tion of a loocal eel population may be on the
nove during some period of the "summer".

Certain observations give the impression
that summer migratory movements can only take
place against a flow of water. Thus, in still
waters, of which there are so many in the low
countries, a distinct directed summer migration
starts only if oconsiderable amounts of water
from another area are discharged into it.

In some Dutoh "polders" (e.g. reclaimed
lakes in which the water is kept artificially
at a constant level) water is introduced in
summertime to compensate for evaporation, while
the excess of water is pumped out at another
place. The peculiar observation can then be
made that at the site of water discharge eels
try to invade the polder against the outflow
and "polder eels" try to get out of it by swim-
ming against the inflowing water.

Preliminary experiments showed that an out-
flow without turbulence failed to attiract eels
during summer migration time. To attraoct eels
by turbulent water, a simple apparatus may be
used, which is also effective in guiding elvers
(cf. Deelder, 1958), but it must be stressed
that water must be used from another natural
area. :

From what is known with elvers, it is
tempting to credit the water-odour with influ-
ence in relation to the summer migration. It
is hard, however, to explain the upstream migra-
tion in rivers of which one has to agsume that

 their consistenoy does not change noticeably in
a short time.

With regard to the influence of temperature
and light, more consistent data are known.
S8rensen (1950) mentioned that at the Trollhit-
tan catoching station, from 1919 to 1950 no ap-
preciable numbers of small eels were noticed
vhen the water temperature had not reached 15°C.
Moreover he concluded from his experiments that
larger eels show less temperature sensitivity
than small eels, and activity is decreased by
low water temperatures.

Mann (1963), who studied eel migration
at the Geesthachtweir in the Elbe, concluded
that eels, the majority with a length between
17 and 22 om, started their summer migration
at a water temperature of 8 to 9°C. He more-
over noticed a considerable inorease in migra-
tion intensity when the water temperature was
high (about 22°C), and a decrease when the
temperature dropped. Mann (1961) also noticed
a distinotly higher migration intensity during
the night than during daylight, a conclusion
which S¥rensen (1950) had earlier reached from
the outocome of his experiments. This latter
author remarked, moreover, that smaller eels
are less inhibited by light than larger ones,
and thus are more inclined to continue their
upstream movement in daylight. As such a
migration may ocour in huge numbers at the sur-
face of rivers, this phenomenon does not fail

. to attract attention (of. v.Siebold, 1863).

Libbert (1923) described an eel school
migrating in the Elbe. By olose examination
he ooncluded that this school had a length of
at least 10 to 12 km, and a width of 1 m or
more. Although the depth of the dense school
was unknown it was clear that the total number
of eels must have been several billions.

Besides the summer migration, eels also
carry out other migratory movements, some of
which may be briefly mentioned here. In
spring and autumn eels may migrate between
their feeding and hibernation grounds. Fisher-
men who are aware of this habit try to profit
from it.

Another well directed movement may ocour
in spring towards the spawning places of
coarse fishes to prey on the spawn. Again
fishermen are the main witnesses of this phen-
omenon, and, like the migration mentioned
above, it cannot be assessed properly from a
socientifioc standpoint since no adequate data
are knowne

Thirdly, short diurnal migrations in es-
tuaries seem to take place between resting
places and feeding grounds. Koendginsj
(1958) demonstrated such a migration by putting
a number of longlines with baited hooks, 1 to
1.5 km from the mouth of a river flowing into
the Gulf of Riga. Observations covering 20
nights showed that in the evening most eels,
with empty intestines, were caught by the up=
stream lines; at sunrise most eels were
caught by the downstream lines, their stomachs
filled with a crustacean species living in the
sea.

Although the following subject does not
belong exactly to the chapter "migration"; it
may best be discussed here, since it deals
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with the ability of eels to proceed straight
forward towards a certain area when liberated
after displacement.

In this respecot the marking experiments of
Nann {1965) must be mentioned. He proved that
non-migrating eels, living in a river, tend to
stay in their home range of about 40 km length
and return to it if they are transplanted.

Tesch (1967) greatly extended these experi-
ments by tagging eels and releasing them in the
Heligoland Bight. Some of his eels homed from
distances of 180 km. Moreover the eels de-
monetrated a high ability to find small areas,
such as the rocks of Heligoland (amounting only
to a few km¢), from far away places like Cux-
haven and the island of FP8hr, at distances of
over 60 and 70 km. According to Tesch's cal-
culations, his eels demonstrated an orientation
with an accuracy within 59, Finally Tesch re-—
corded in two cases a minimum speed of 1 and 3
km/hour respectively.

In agreement with persistent rumours, eels
are able to discover the nearest water area
when liberated on land, even at relatively
distances. In this respect Schidffer (1919
made several experiments in the water-land area
south of Stockholm; his results were rather
remarkable. Even when he transported the eels
over relatively great distances, many hundreds
"~ of meters, and over hills, they still were able
to locate the nearest water surface immediately
after liberation, even when the wind was blow-
ing from them towards the water..

" by his eels to another water-course nearer than
that he originally thought to be the nearest.

Presuming the ability of eels to recognize
water from a great distance, no data are avail—~
‘ablé about the factors or sensés which makes
this possible.

3.514 Silvereel migration

Because of its great economic importance,
the migration of the silver eel has always at-
tracted a big amount of interest by many scient-
ists.

The migration season may well extend over
several months, mostly during the second half
of the year (Fig. 8a & b, Deelder, 1954), but
in fact migrating silver eels can be observed
somewhere the whole year round.

In the low countries of north-western Eur-
ope the migration may start in June and already
be in full swing in July. In some small water
areas, this month may even be the peak of the
season (Deelder, 1957), but this is exceptional.
In most regions the peak of migration falls more
towards the end of the year, e.g. October to

During these
experiments Schiffer's attention was drawn twice

November. This oharacteristic is also dis-
cernable under laboratory conditions; e.g.
Bodtius (1967) demonstrated a pronounced autumn
maximum of activity during a nine-month aqua~
rium experiment, in addition to a spring max-
imum of activity (Fig. 9). This last item may
be related to the phenomenon that silver eels
may interrupt their autumn migration and resume
it afterwards. Cold spells or freezing pericds
immediately interrupt the migration, which may
start again even well into the next year, up

to and even inocluding May. A delay of similar
duration may ocour in small Danish brooks after
a dry summer (Jacobsen and Johansen, 1922).

The attention must be drawn here to the
phenomenon that sexual segregation may be ob-
served during the autumn migration. E.g. Meyer
(1938) and Nolte (1938) both discussed the fact,
well-known among Riigen-fishermen, that relative-
ly many more females migrate at the end of the
season than at the beginning. According to
Nolte the percentage of big eels (fewales) °
caught at Rfigen in 1936 increased gradually
from 39 in the first 10 days of September to
90 in December. Deelder (unpublished) observ-
ed an analogous phenomenon in catches if
IJsselmeer silver eels, with no big eels in
August 1964 and 11.0, 25.7, 46.5 and 60.0 per
cent during the next months.

The average size of male silver eels may
also change during the autumn migration. In
that case the largest ones travel first. E.g.
Deelder (unpublished) measured male silver
eels in 1960 and observed an average length of
36.0, 35.5, 34.0 and 33.0 om in July and sub-
sequent months.

Safe conclusions about the daily rhythm of
the migration can be drawn from fishermen's
oatches, showing that it is limited to the
night. As a result of his experiments, Briu-
tigam (1961) was able to define the limits more
olosely and stated that the daily migration of
gilver eels in freshwater (unfavourable condi-
tions absent) ocours almost entirely in the
hours between sunset and midnight. With cir-
cumstances favourable to eel migration, Bréu-
tigam observed that the main daily migration
even concluded in the first period of nightly
darkness, frequently in less than an hour.

The intensity of migration of silver eels
may show distinct peaks, even of considerable
magnitude. We may oconclude from what is knowm
now that these peaks are the result of a typ-
ical ethological occurrence, evoked by the com-
bination of an internal migration-urge and ex-
ternal impulses. As will be discussed below,
these impulses may be of different character
and strength.

It may be noted that, with a sequence of
external impulses at short intervals, the last
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Fig. 8a The average catch of gilver eels in Dutch canals by S5-day
periods, from 1947 to 1952, expressed as percentages of
the total catoh. (After Deelder, 1954).
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Fig, 8b Average weekly catch-percentage of silver eels in the IJsselmeer
in the years 1950 and 1951; also showing periods of new and
full moon. (See also Fig. 10),
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impulses of course do not release the same in-
tensity of migration as the first one, because
most silver eels ready to migrate leave the area
when the first impulses are received.

Not much can be said about the behaviour of
migrating silver eels, largely due to the shy-
ness of the animal. Lowe (1952) watched sev-
eral migrating silver eels in an English brook
and noticed that they swam head-first down-
stream along the bottom.

Deelder (unpublished) observed the be-
haviour of gilver eels in a big aquarium during
the night and was astonished by their apparent
clumsiness. With slow snake-~like movements,
their round pectorals wide-spread, they seemed
to "glide" lazily through the water, giving the
impression that all movements are fulfilled
with as small an effort as possible.

Factors affeoting the intensity of migration

va) Depth

Study of regular ocatches of silver eels in
different regions reveals the remarkable fact
that shallow waters coincide with an early sum-
mer migration, while deep waters have an obvious
retarding effect. Deelder (1957) mentioned
several examples, inocluding a striking one of
two shallow canals in Holland leading to and
from the small lake "Amstelmeer", which has
depths of 10 m and more. In 1954 the percent-
age catches during the months July to October in
the first canal weres 22, 56, 19 and 3, thus
demonstrating a distinct majority in August. In
the meantime the percentage ocatches in the sec-
ond canal, through which the former silver eels
had to pass too, were: O, O, 6 and 94 per ocent,
i.e. with a migration peak fully two months
later.

Instances of this phenomenon have been
found for more regions and invariably lead to
the conclusion that deep-water areas tend to
hold up migrating silver eels for one or two
months, whereas shallow waters are cleared of
silver eels at the beginning of the migration
season.

Trapping experiments, e.g. carried out by
Lowe (1952) in England, lead to the conclusion
that silver eels congregate near the outflow of
a lake and there await a stimulus (e.g. a
"£lood") to migrate further. This tallies well
with Frost's observation (1950) that silver eels
evidently congregate near the outflow from lough
Neagh (N. Ireland) before migrating on and thus
give rise to illiocit seine~fishing.

b) Moon

One of the best-known relations, mentioned
by nearly everybody dealing with the migration

of silver eels, scientists as well as fisher-
men, is that exerted by the moon. For example,
Meyer (1938) and Nolte (1938), who published . -
extensive data about silver eel catches at
Rilgen in the Baltic, mentioned that the best
catches of silver eels are made in periocds be-
tween the last and first quarters of the moon.
Frost (1950) and lowe (1952) also mentioned
moonlight as affecting the numbers of silver
eels migrating in the British Isles. - i

Jens (1952 to 1953;, and independently of
him Deelder (1953, 1954), analysed statistical-
ly the relation between the phase of the moon
and silver eel catches, the former of the upper-~
Rhine and the Baltic, the latter of Dutoh in-
land waters. Both authors agree that the best
catches are made aroupd the last quarter of the
moon (Pig. 10 and Table VI).

The last quarter is that part of the lunar
month during which moonlight fails early in the
night. As acoording to Br#utigam (1961) and
others, the migration of silver eels ocours
only between sunset and midnight, it is tempt-
ing to assume that it is the absence of moon-
light then which stimulates the migration.

According to Jens (1952 to 1953), however,
the moon's influence is certainly not exerted
through its light intensity, He based his
opinion on the results of his study of the
catches of silver eels in the river Rhine on
cloudy nightse They have been classified ao-
cording to the phase of moon and averages have
been computed which cover a whole lunar period.
Since they still exhibit a lunar rhythm, Jens
inferred that moonlight has no effect.

This deduction might not be correct. An
eel is subjeot to the influence of moonlight
throughout its life, hence we must consider
the possibility that silver eels have become
fully familiar with the lunar cyole. For
this reason one may not assume that the lunar
effect does not assert itself because of a
temporarily clouded sky and invisible moon.

It might be supposed that direot moonlight may
set up an inner rhythm during the eel's life
span, which finally operates whether moonlight
is present or not, as is the case with other

animals (Korringa, 1947).

It must-be mentioned here, however, that
the moon's effeot does not appear to be felt
everywhere at the same time. Aocording to
Jen's data (1952 to 1953) the height of the
migration in the Upper Rhine ococurs distinctly
before the time of the moon's last quarter,
while in the Baltioc (Jens) and in Holland
(Deelder) it takes place after the last quarter.

No explanation for this phenomenon has been
found up till now. In the Upper Rhine the

" eels are all females, whereas in the other re—

gions mentioned males are very abundant or even
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TABIE VI

Esoape activity in relation to the phases
of the moon. (After BoStius, 1967)

Total exp. period Period 10.IX~ 8.XI Period x.XII~2.V1

escape~ % of escape- % of escape- % of

number total number total number total
New moon 21 9 T T 14 11
First quarter K} 13 12 " 19 15
Full moon 42 18 17 16 25 19
Last quarter 144 61 1 66 13 55

predominate; the possibility therefore exists
that the phenomenon is caused by difference of
86X.

o) Waterflow and/or - level

Acoording to fishermen, an inorease in
waterflow may be associated with an inorease in
numbers of migrating silver eels. This opinion
seenms to differ from that of several soientists.
Jens (1952 to 53) examined the relation between
the catoh of silver eels and the water level in
the river Rhine (Fig. 11) and drew the conclusion

. that most eels are ocaught when the water level

is higheat. He also mentioned better catches
with rising water level. Frost (1950), and
lowe (1952) also oconoluded for British rivers

that an inorease in catoch usually ooincides with'

a rise in water level.

In our opinion, however, it is not so much
the high water level as the inoreased flow which
enoourages the eel to migrate. In this oonneo-
tion the many Dutch "polders" must be mentioned,
low-lying areas enclosed by a dike, in whioh
the water is kept at a oconstant level by pumps
(formerly by windmills). As soon as these Dde-
gin to eject water out of the polder, the water
in the polder ocanals starts to flow towards the
pumps. While the flow ocours larger catches
of silver eels are made, whioch feature suggests
that the silver eels are stimulated into migra-

. tion by the flow, since the water level remains
approximately the same or is even falling
(Bicker Caarten, 1946). - Obviously then it is
the increased flow, which in rivers neocessarily
coinocides with a rise in water level, which
aots as a stimulating factor. In this respect
it is important to know.that Frost (1950) plot-
ted silver eel catches in the river Bann (N.Ire-
land) against the amount of water flow over a
weir and showed a good relation between in-
ocrease in catch and inorease in the amount of
water passing.

d) Turbidity

Frost (1950) mentioned the reports of
Bann fishermen that disooloration of the Bann
(¥. Ireland), e.g. by peat bog drainage,
makes fishing better than under the same con-
ditions without turbidity.

°) Depression~-generated microseisms

Folte (1938) studied diaries of Riigen
fishermen and concluded that during dark
stormy nights unusually rich oatches oould be
made, although favourable wind directions ob-
viously were not neocessary.

Frost (1950) and lowe (1952) also stated
that on stormy nights silver eels in British
rivers may migrate in large numbers. Deelder
(1954) studied catoh results in Dutoh canals
during the period 1947 to 52 and distinguished
28 cases of distinot increase in catchj this
offered an opportunity to check the extent to
which weather conditions may be held respons-~
ible for the ocourrence. He learned that in
every case, without exoception, weather ocondi-
tions over the Netherlands were governed by a
depression in the vicinity. Examination of
the particular factors commonly asscoiated
with a depression, e.g. wind strength and dir-
eotion, air temperature, baromeiric pressure,
oloudiness and preocipitation, failed to show
any which might be aocting as a stimulus to
migration. In six cases the prevailing
weather conditions were in no way favourable
to eel migration in the opinion of fisheries
experts. '

One faotor, however, was disoovered which
may provide the stimulus, vis. microseisms.
These aTe vibrations of the ground and are fre-

_quently oaused by depressions at sea (Soholte,

1954)s The vibrations are probably set up by
the forces exerted on the sea~bottom by the
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Fig. 11 Annual average daily catch of silver eels per Upper-Rhine fisherman
compared with average annual Rhine-level at Maxau, Germany.
(After Jens, 1952/53). '
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high waves at the centre of the depression.

From there they pass through the ground at a
speed of several kilometres per second. They
may be resolved into three components, two hori-
zontal and one vertical, and may last for hours.

The period of the vertical component de-
pends on the depth of the sea, the amplitude
depends on the intensity of the depression and
varies in Holland between 1 and 20 e Depres-
sions in the Atlantio produce microseisms main-
ly with periods of 6 to 8 seo3~ with those over
the North Sea periods are noticeably shorter
(Fig. 12). Since there is a sharp division

between the depths of the Atlantic Ocean (1,000

to 4,000 m) and those of the oontinental shelf
(100 to 200 m), the corresponding microseisms
in Western Burope can be put into two fairly
distinot groups. Mioroseisms with a period of
4 sec and amplitude of 7 m cause pressure fluo-
tuations at the base of a 10 m water column of
a magnitude of 2 dynes/om2, i.e. 0,002 millibar.

Careful study of the available data, ocover
ing a series of about 1,000 fishing days, re-
vealed the remarkable faot that the numbers of
migrating silver eels only rise sharply, without
exception, after the ocourrence of miocroseisms
with a 3= sec period, caused by depressions over
the North Sea and the English Channel.

The assumed relation between microseisms
and migratory stimulation implies that captive
silver eels should be motivated by mioroseisms
too. In this regard the lsboratory observa-

tions of Lowe (1952) muet oertainly be mentioned;

her indoor aquarium-kept silver eels showed ocon-
siderably increased activity only on those
nights on whiok free living silver eels migrated
in large numbers. In Deelder's opinion mioro-
seisms, generated in the relatively shallow
Irish Sea, must be held responsible for this
phenomenon. ’

Muir Evans (1940) stated that in Norfolk
it was the custom for eel catchers to keep a few
silver eels in a perforated trunk in the water.
They did not put down their eel-setts unless
these eels became restless, which was a signal
‘that the other eels were running and that the
- night was favourable for a good catoch.

f£f) Seawater

According to fishermen's allegations silver
eels staying in freshwater are greatly stimulat-
ed by inflowing seawater. This phenomenon is
known especially from lagoons and river mouths
around the Mediterranean. Since inflowing sea~

water ocours at those places mainly during gales,

the question remains if the silver eels are act-
ivated by these storms (see section e. above),
by the seawater or by both phenomena.

The available data, however, point to the
assumption that silver eels in freshwater are -
not uninfluenced by seawater. Thoge silver
eels tend . to swim against a seawater flow
(again according to fishermen) which conduot
is in contrast to that towards a freshwater
flow. (See section o, and under). Moreover,
captured silver eels, transported in a fish-
well show high activity when transferred to
seawater,

Fishermen in Holland are of opinion that
seawvater, artificially introduced so that it
oreeps over the bottom, stimulates the migra~
tion. As in this case depression-influence
does not exist, one might indeed presume that
inflowing seawater exerts a stimulating effect.

Faoctors influenoig; the migration route

a) Flow direotion

Silver eels migrating in inland waters
where there is no obstruoction tend to swinm
with the current if there is one. Deelder
(1953) showed that the direction of migration
changes with the flow when he compared oatoh—
results on both sides of a net barring a canal
with an alternating weak flow. ' )

As we already learned the silyer eel's
migration motivity is greatly stimulated by
an inorease of the water ourrent, The bio—
logical oonsequence of both phenomena obvious-
1y is that migrating silver eels whioh have
themselves been guided by a waterflow invari-
ably reach the sea and moreover do so with the
least effort, :

During their migration silver eels indeed
try to profit from water movements, which is
clearly demonstrated by the "schokkerfishermen"
at the N.W. European rivers, e.g. the Rhine.
They are keen to get the mouths of their
funnel-shaped nets at the line of greatest
flow, and, according to them, the catch here
is greater than could be expected in relation
to the flow-rate. As the line of greatest
flow in rivers mostly coincides with the line
of greatest depth, it follows that one certain-
ly has to bar this region if one intends to
catoch silver eels in rivers.

As already disocussed, the tendency to
swim with the freshwater ocurrent is reversed
when seawater flows into the freshwater region.

b) . Wind direotion

The oourse of the silver eel migration in
broad water stretches, e.g. lakes, is obvious-
ly influenced by the direction of the wind.
Frost (1950) mentioned that a strong southerly
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Pig. 12 Vertical seismograms, registered on the Jalitsin seismograph at
De Bilt, Holland.

ag. Day of microseismio calm 31 July - 1 August 1953

b). Miocroseisms caused by a depression over the Atlantic,
. 22 = 23 Dscember 1953

c). Nicroseisms caused by a depression over the North Sea,

8 = 9 August 1948

The relation between actual and registered amplitudes is 1 : 725
for b), and 1 ¢+ 575 for ¢). 1 horizontal centimetre covers
20 seconds.
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wind in lough Neagh (N. Ireland) makes for good

fishing in the Bann river, which flows from the
northern side of the lake. At Windermere lake
(Bngland) on the contrary, & northerly wind,
blowing towards the outlet there, is regarded
as having the same effeot on the fishing in the
lake's outflow.

Deelder (1953) tried to get a correlation
between wind direction and ocatches in the °
IJeselmeer (Holland). This lake is barred from
the sea by & 35 km dike, provided with a set of
sluices at each end. Consequently a big fyke
net fishery for silver eels has developed here.
Catoh results revealed that with strong westerly
winds relatively many more silver eels (83Y2% of
the total) are ocaught at the eastern side than
in periods with moderate easterly winds (50%).
One may presume that wind strength is also of
‘importance here, as a strong wind makes itself
felt more than a weak one.

Wind influence is olearly demonstrated in
the Baltio too, e.g. along the Rilgen~coast
(Rumphorst, 19305 Meyer, 19385 Nolte, 1938)
with its several bays facing different direo-
tions. Winds undoubtedly inorease eel oatches
on those sections of the oocast towards which
they blow. As eels are ocaught here with fyke
nets oconneoted to the shore, this phenomenon
oonsequently also demonstrates that with ooastal
winds the silver esls oome quite near the shore.
Acocording to the same authors the wind influenoce
is likely to be transmitted to the eels by the
different wind-gensrated sea ourrents, dut this
certainly does not explain the eels' olose ap~
proach to the shores bordering the huge Baltioe

o) Artifioial light

Persistent reports from fishermen indicate
that artifioial 1light may defleot the migrstion
route of silver eels, e.g. street lights along
a riverbank may cause much reduced catches at
the 1it side. Petersen (1906) mentioned sev-
eral of these fishermen's allegations, and
Rumphorst (1930) too ocites an example at Rilgen
in the Baltic, vwhere catches at a certain site
only inoreased when the bathing season was over
and the lights on the nearby promenads had been
extinguished. It is of importance to notioe
that all these cases relate to a number of faint
lights placed well above the water surface. An
experiment of Petersen (1906) using kerosene
lamps confirmed this deduoction. When using a
strong light-beam in shallow clear water,
Petersen moreover oould olearly show a shunning
of the light by the silver eels. His experi-
ments, however, were not continued.

lowe (1952) made several experiments in
English brooks with underwater lights of 2 to
4 W and stated that the migration of silver
eels may be deflected hy them. In that ocase,
however, the light-beams had to be pointed well

upstream; when shining vertioally downwvard
they were less effective. In her laboratory
experiments, silver eels chose s dark channel
in preference to a lit one. In field experi-
ments, on the contrary, silver eels aigrating
downstream did not choose the dark side more
often than the lit one when & bright light -
was presented. A very remarkable result was
moreover that artificial lights had most ef-
feot on those nights when the eels were most
active. ‘

Brafitigam (1961) experimented extensive-
ly at the Rilgen ocoast with a range of unbeam-
ed underwater lights and ooncluded that on
some nights oatches at oertain sites oould be
inoreased several times. .

.It is ocertain that silver eels may Treact
to artifiocial light; how this phenomenon is
evoked, however, is by no means known. With-
out doubt the degree and kind of turbidity of
the water play an important r8le, together
with the intensity and type of light-souroce.
Due to these factors among others, the whole
phenomenon is still of such a oonfusing nature
that no reliable procedure has been found for
diverting silver eels with 1light towards cer-
tain ocatoh sites and so increasing the oatches.

Apart from very occasional and soattered '

trials, no regular use of light-to influence

the commercial oatch of silver eels is known,
and this provides the best proof that this
systen does not yet work satisfactorily. The
only exceptions known are those at Comacochio
near Venice and in Irish rivers. At Comacchio,
fishermen used fires to reduce the intensity
of large migrations and to calm down. the sil-
ver sels already caught (Walter, 1910). Irish
reports tell of blasing torches placed to
check the run of silver eels while the nets
were emptied (Went, 1944). It must be stres-
sed, however, that the cases mentioned here
refer to barring and not to diverting the
nmigration. .

d4) Eleotricity
With the development of modern techniocal

‘facilities, people have naturally considered

the possibility of influencing the migration
route of silver eels with use of eleotrioity,
aiming at an inorease in catches by guiding
them towards previously selected catch sites.
The mere faot that this technique is not uni-
versally used, is a sign that, up till now,
suffioient knowledge about the subjeot is
lacking. Of the trials made here and there,
it is of interest to mention hers one, ocarried
out in the river Shannon (Ireland) on behalf
of the Eleotriocity Supply Board. S

A gap with a width of about 12 m was barred
by three nets, side by side. - In front of the
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middle net a positive electrode and, more up—
stream, at each bank a negative eleotrode was
placed. Tests were made at a terminal voltage
of 250 and an elecotrode loading of 7 amps. The
gap was fished for ten consecutive 2- hour
periods with the electrode alternately "on" and
"off". .

In the five 2-hour periods with the elec-
triocity system switched "on", the catch of both
side nets amounted to 31.8 kg each and that of
the middle net to 108.1 kg. The five 2-hour
periods. with the electricity system switched
"off" resulted in total catches of 54.1; T3e1
and 117.7 kg respectively. From these results
one gets the impression that: a) not all silver
eels let themselves be guided towards the posi-
tive electrode but only about the half of themj
b) the total catches without use of eleotricity
are conspicuously greater. :

Obviously many silver eels are repelled by
an electrio field and seek other migration
routes.

Uninfluenced migration

Real uninfluenoced migration is only pos-
sible in huge water-stretches, such as the sea.
As a matter of fact it is very diffiocult to
catch migrating silver eels at sea, and if the
eels tend to swim at great depths it will be-
come technically impossible to catch them, the
more because migratory fish can be oaught best
by stationary gear. ‘

It has been shown possidle to catch silver
eels in the shallow waters along the continent,
e.g. in the North Sea, with fast-moving towed

nets, but from these rare oatches no consistent...

data about the migration route or intensity of
migration can be derived. .

Oreat quantities of migrating silver eels
can only be caught by stationary gear, e.g. fyke
nets, standing at that part of a coast where the
eels concentrate. If such a situation is used
for marking experiments, distinct results may be
acquired. Some of these investigations, es-

pecially the recent ones, will be discussed here.

Lithmann and Mann (1958) marked silver eels
and released them at Gorleben on the Elbe. Two

of these were recaptured on the Danish North Sea!

coast, thus showing movement in a rather unex-
peoted direction. The authors explained this
phenomenon by assuming that the silver eels had
been guided by the residual ourrent, flowing in
that area in a northerly direotion. This con—
clusion, however, does not tally at all with the
illustrative results of the marking experiments
carried out by Ndfr (1947) in the Baltic during
the period 1937 to 39.

When oconsidering M##r's results plotted
on a map, one is convinced that the uninflu-
enced migration in the Baltic proceeds like
that of birds, viz. over a broad front in a
certain direction. If such a migration
strikes an impassable area, in this ocase a
coastline, the phenomenon of the concentrated
migration is evoked (Fig. 13), running in
that direction along the coastline that cor-
responds most nearly with the original direo-
tion of migration.

From the recaptures in MiiAr's experiments
(Fig. 14), it is obvious that the uninfluenced
migration route runs in the direction about
240° or W 3098, so that the Baltic is definite-
1y orossed. This explains fully the concen—
trations of silver eel fisheries in certain
area's, e.g. at the western side of the Baltio,
vhich are fixed by the areas of departure at
the other side of the Baltic, i,e. by the big
river mouths at the eastern side.

Mi##r's results, moreover, give rise to
some more considerations. One is that the
silver eels certainly are not migrating with
the help of a "sense of geographiocal position",
vwhioh sometimes is ascoribed to animals by
migration experts. In that case the silver
eels should try to reach their spawning area
by the shortest way, namely the great cirocle
route through the start (Baltio) and finish
(Sargasso Sea) of the migratory journey.
They then should migrate in the direction

“about ¥ 80°W (Deelder, 1949}, which is not

- - -their migration course in the Baltic (Fig.15).

On the other hand, Mi#r's results have
proved that the Baltic migration does not run
along lines of hydrographical indicators
either, since this would not lead to animals
which had crossed this sea forming ooncentra~.
tions along such coasts as those of southern
Sweden and Rilgen. This is in oontrast with
the opinion of Lithmann and Mann (1958).

¥hen discussing these oconsiderations, it
should be noted that apparently Baltic eels
travel as if they had a "sense of direotion".
An animal migrating with the help of this
sense will manage to keep the same direction,
and it will migrate along a course that oros-
ges the meridians with the same angle. Such
a line is called a loxodromic line, and it may
be simply drawn on a map with Mercator's pro-
jection, since then it is straight. The lox-
odromic line between the Baltic and the Sar-
gasso Sea has a direotion of about 240° or
! W 30°S, a value fitting well with the results
of Mi#r (Deelder, 1943?. -

Should the eel ocour only in the Baltic
area, Milir's results would have been regarded
‘a8 & full proof of the existence of the "sense



FIRI/SB0 Anguilla anguilla ' 3337

[

Fig. 13 Diagram showing the origin of concentrated migration
of silver eels along a coast.



Pig. 14 Map showing the results of marking-experiments with Baltic silver eols,
carried out by M&Er (1947). The Places of reoaptures show clearly
the existence of concentrated migration along certain coastlines originated
by & broad~front ocrossing of ¢t °

f the Baltic in a direotion about ¥ 120° W.
(Encircled marks show the places of Telease).
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Fig. 15 Oraph -showing the principle of migration with an orientation
acoording to a "sense of geographiocal position®. In that case
the aim of the migratory journey must be perceived over the
shortest distance, which on the globe is a great cirocle going
through stert and finish of the journey and being bent towards
the nearest pole. The consequence is that the direction
changes oontinuslly. Supposing that the starting area is the
Baltic and the finish the Sargasso Ses, this implies that the
starting course is about ¥ 80° W. At V the direction is due
West, near the end of the journey the direotion is much more
pointed towards the South. (After Deelder, 1949).
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¢? direotion" in silver eels. As a matter of
»ot, however, the eel's area is much more ex-—
tended, and it is hard to see vhat would be the
biologiocal significance of a migration course
of 240° for an eel leaving the Mediterransan.

When discussing the orientation of silver
eels it must be remarked that Edelstam (1965)
ascertained by tank experiments that silver
eels possess a star-compass mechanism. He then
tried to investigate the orientation of silver
eels in the Baltic by tagging them with long-—
stringed baloons before releasing them off the
southern coast of Sweden. The uniform be-
haviour of the animals on each occasion was
striking. Immediately upon release, they
would often rush into deep water in arbitrary
directions and sometimes continue on those
courses for a few minutes, but within a short
time they would all, or nearly all, head in the
same direction. On two particular days the
majority of the eels had already chosen a dir-
ection before touching the water. They would
twist in the hands of the operator so as to
point their heads in the final vanishing direo-—
tion, and then rush off in that direction im-
mediately on release. It could be ascertained
that the precision of orientation was not as—
sociated with the visibility of the sun nor
with the time of day or night.

Probably the star—compass mechanism is
made possible by transformation of the silver
eel’s eye before the seaward journeye Accord—
ing to Carlisle and Denton (1959) this trans—
formation, in which the eye becomes larger with
a relatively even larger pupil, makes it a more
efficient light collecting organ, vhilst also
the increase in the total retinal density of
photo~sensitive pigment makes the retina more
efficient in usefully absorbing the light in-—
cident on it.

Marking experiments also offer the pos-
gibility of getting an idea about the migration
speed of silver eels.  Lithmann and Mann (1958)
mentioned a minimal speed of 13 km a day, fit-
ting well with values mentioned by Trybom and
Schneider (1908), who also found in their ex-
‘periments maximum speeds up to 50 km a day, to-
gether with average top speeds of about 36 km a
day. These data have been nicely confirmed by
Malr (1949) who found maximum speeds of 62.8 km
and 54.5 km a day and average high speeds of 25
to 30 km a daye. The average travelling rate
was much less, viz. 16.4 km a day. Consider-
ing these values, one must bear in mind that
these eels had been caught by fyke nets, which
vere only emptied during the morning, so that
the eels may have stayed for several hours in
the fyke nets already. As the top speed of
62.8 km a day was developed by an eel which was
only 42 h under way, covering a distance of at
least 110 km, the possibility is great that the
actual speed was higher.

There are strong indications that the
migration of silver eels in the sea takes
place in the upper water layers. Petersen
(1906) stated as his conviction as well as
that of many Baltic fishermen “that most of
the eels go over the ides of the traps".
Blegvad (of. Sch.1929), when on board of a
ship equipped with a search-light, observed a
distinot migration of silver eels in the up-
per water layers of the Great Belt. He men-
tioned the slow movements of the eels, with
which they kept themselves up, vwhile being
transported by the fast water-flow towards
the North Seae (One cannot assume, however,
that the water-flow is the only means of
transport in view of the marking results in
the Baltic, already discussed). )

Apuﬂﬂeawuﬁmtonﬁatmewb
face is seen in the pure white belly of the
silver eel contrasting sharply with the colour-
ed belly of the bottom dwelling yellow eel.
Such a white ventral side will be most effec-
tive in the top water layers, preventing the
body contours from contrasting strongly with
the light water surfaocej contrasting colora~—
tion would undoubtedly result in attacking
predators coming from beneathe. In that case
the silver eel would be helpless.

A surface migration would tally well with
the silver eel's ability to orientate itself by
by using star-light (Edelstam, 1965). This
will only be of biological value when swimming
at the surface.

The silver eels' surface migration in the
ocoastal sea, mentioned before, is the last as—
pect of the eels' activity which can be observ-
ed properly during its life span. From cer-
tain oatohes, however, one may draew some deduo-

tions about what happens afterwards.

‘ Sviirdson (1949) described four eels ocaught
in swedish waters in, what he calls, "partial
nuptial dress". These eels undoubtedly give
the impression of already possessing many of
the characters which might occur during the
trip through the Atlantice )

All four had enlarged eyes, with a dia~
meter of about 1 omj the peotorals were al-
most black, some of them very pointed and
lengthenedj moreover, the snout of the animals
seemed to be more or less blunted. Finally,
the ventro-lateral parts of the body were not
as white as usual with silver eels but had as-
sumed a rather reddish-brown colour.

Some years afterwards Rasmussen (1951)
also mentioned the catch of two female eels,
both with big eyes and black pointed pectorals
(one pair bilobate) and one with bronze colour-
ed sides. Wundsoh (1953) mentioned some eels
with strikingly big eyes and a bronze coloured
ventral side from a pond.
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As these characteristics must be considered
as premature anomalies, they give some indica~
tions of the way of life which may be expected
during the Atlantic journey. Undoubtedly the
very large eyes point to a deep-sea life, in
complete contrast to the silver eel stage to
which we earlier asoribed a life in the surface
wvater layers. This conclusion is in agreement
with the much darkened underside of the body.

A white belly would be of no use in the deep sea.

An excellent indication of a future deep-—
sea life has been discovered by Carlisle and
Denton (1959), who studied the eyes of eels.
They observed that the retina of silver eels
change to a golden colour, like that of the
photosensitive chrysopsius of deep-sea fish. The
meximum of absorption shifts by about 33 mu to-
wards the shorter wavelength end of the spectrum,
and the final total retinal density ourve of the
silver eel is almost identical with that of the
conger eel, Conger conger (L.), and of a deep-

sea eel, Synaphobranchus sp.

The peculiar change in the pectorals offers
us a tentative explanation for the eel's way of
life in the deep sea too, Strong elongated and
pointed pectorals indicate a behaviour that re-
sults in swimming long stretches at constant
depth, which only now and then is changed and
then kept constant againe Tunnies and horse
mackerels are good examples of this way of life.

Round pectorals, on the contrary, indiocate
a swimming behaviour in which the level is oon-
tinually changing, so that the fish is well
adapted to overocome obstacles and find its way
through them. Oroupers, tenches and silver
eels are good examples of this.

The phenomenon that after the silver eel
stage the eel acquires elongated pointed pector-
als is in our opinion a strong indication that
it changes over to swimming for long uninter~
rupted stretches at a certain level.

The theory of Tucker (1959), assuming that
silver eels would die on their oceanic journey,
is not considered here because of its doubtful
arguments (d'Ancona 1959a, 1960; Jones 1959;
Deelder, 1960a; Gemeroy and Boyden, 19613 Sinha
and Jones, 1967b).

3,52 Schooling

The eel, in all its stages, is an indiv-
idualist. Virtually no schooling, where the
individuals react towards each other, can there-
fore be noticed. The "schools" of elvers and
young eels which are observed from time to
time in estuaries and rivers are the result
of a mass response to outward conditions and
not of active assembling.

A certain phenomenon might be regarded
as a kind of schooling, namely the massive
"balls" of silver eels which sometimes alleg-
edly come downstream in a river, but this can
be explained by their urge to keep in close
ocontact with an object, starting with some
debris and ending with silver eels themselves.
(ef. Nilsson, 1860). This phenomenon, how-
ever, seems to be extremely rare and no com-
prehensive data are available.

3,53 Responses to stimuli

Environmental stimuli: Influence of
mechanical stimuli, as e.g. vibrations, may
be observed during migrationj see 3.51.

With regard to chemical stimuli it has already
been pointed out thgt eels are highly sensi-
tive to olfactory impulses. Teichmann (1957)
gshowed that eels are able to perceive B-phenyl-
ethyl-alcohol én a concentration of one part
in 2.857 x 10%%,  He concluded that & mono-
moleoular stimulation is highly likely. In
this respect the attention must be drawn tos
a) the impressive bulbi olfactorii of the eel
(Lissner, 1923), which demonstrate the great
importance of olfactory stimulij b) the en-
trance of the big nose-cavity, which is tube-~
like and starts immediately over the mouth
(see also 3.41).

Muir Evans (1937) studied the brain of
the eel and observed a remarkable resemblance
to the brain of the common sole (Solea solea)s
a highly developed olfactory system together
with well-marked facial and somatic sensory
lobes and small optic lobes, which features .
are related by him to the eel's feeding habit
by smell, taste and touch during the night.

For the influence of temperature upon
migration, see 3.51. Bo&tius and Bo&tius
(1967), in their profound study, mentioned
the influence of water temperature upon res-
piratory rate and heart rate, with a maximum
at 25 to 26°C. Investigations of Deelder
(unpublished) showed that eels become highly
active at a water temperature of about 20°C
and higher.

Optical stimuli: see 3.51. As has been
mentioned before, eels shun daylight, although
some activity may take place then.

Artificial stimulis Highly repellent are
such artificial stimuli as objects drawn over
the bottom of the water, as is the case with
eel trawls. Regular eel trawling, which e.g.
occurred at the IJsselmeer up till 1970, obviously
causes a spreading terror among the eel stock,
resulting in diminishing catches, of e.g. fyke
nets situated near the banks,
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4 POPULATIOR
4.1 Structure

4.11 Sex ratio. See under 3.1%

Sex oomposition may vary exceedingly, from
nearly 100 per cent males in river estuaries to
100 per oent females in tributaries of big
rivers.

4.12 Age oomposition

For remarks about age ocomposition see

3431 and 3.43. No correlation is known, and
it may be presumed that no correlation exists
between age composition and such items as depth,
time of day, season, eto. Density of age-
groups is mainly determined by the sige of the
annual elver immigration or by stocking rates.

4.13 Sigze composition. See 3.43

In enclosed areas, size composition is de-
pendent on immigration and stocking. In un-
enclosed areas, in view of the eel's habit of
migrating regularly, no consistent composition
ogcours.

4.2 Abundance and dengity

Caloulations about the density of eel
stocks, the eel being an elusive fish, are al-
most 1nponsibloé According to Havinga (1945),
one eel per 9 m€ lived in the IJsselmeer, but
density in river-mouths may be far higher and
in tributaries far lower. Nuus (1967) found
in Danish fjords, at places with a dense vege-
tation of Zostera, a density of 0.5 to 5 eels
per 10 m n wintertime he noticed once a
density of 4 eels per m,

Under artificial conditions very high den-
sities may be attained: MNeyer-Waarden and
Koops (1968) got an excellent growth of pond-
eels with a density of 1.8 eel per m<,

4.3 BNatality and recruitment
Yo reliable data are known.

4.4 Mortality and morbidity

Mostly because of the seoret life and the
different environmental oonditions ocourring in
the eel's area no reliable data are available. .

" Factors affecting mortality are disoussed under

32, 3¢34, 3.35 and 5.4. Concerning the physi-
cal faotors affeoting mortality, mention must
be made of elvers and eels migrating towards in-

" acocessible or uninhabitable areas and of winter

mortality due to freezing of the water followed
by lack of oxygen (Muus, 1967). :

445

Deelder and de Veen (1958) tried, with re-
gard to the eel fisheries of the IJsselmeer, to
caloulate the consequence of a possible raising
of the legal minimum sige. For this purpose
they dbuilt a 3~-dimensional model using the
following simplified formula, whioh is bused on
the ideas of Beverton and Holt (1957):

Dynamics of pébulation

~td-1
, PR -M(tg-tg)] -~(ma (Mg
v-;—xo -9 [ ] ) “t @1+q+2) _ ( 91""1)
q=0 '
w s+ weight of total annual oatoch

F and M: ooefficients of fishing and natural
mortality

tp ¢ nmoment of entering the IJsselmeer

1 as elvers o

tg s moment of entering fishery

ta t moment of leaving the IJsselmeer as
silver eels

R 3 average magnitude of elver stock
entering the IJsselmeer ‘

Wt s+ weight of eel at the moment t.
The population in the community

4.6
. 3ad the ecosysten

This subjeot is sufficiently dealt with in
the preceding part of the synopseis.
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5 EXPLOITATION

5«1 PFishing equipment

511 Qears

Study of Meyer-Waarden's extensive report
(1965, '66, '67) on this subject ie strongly
recommended.

Elvers may be caught actively or in a pas~
sive way, adapted to their migration behaviour.
In the active fishery, scoop-nets are used to-
gether with a faint light during the night to
concentrate the elvers. This ocours in rivers
vhich are invaded by great masses of elvers as
is the ocase in southern and mid-Buropean coun-
tries and in England (Severn) .(Fischer and
Libbert, 19113 Deelder, 1955). Sometimes a
fine meshed seine net is pulled through the
water, e.g. in Dutch shiplocks.

In the passive way, migrating elvers are
induced by a small artificial tricklet of fresh
water, flowing along a gentle slope, to break
the surface and mount the slope until at the
end of it they tumble down into a basin.

Eels are caught in many ways, adapted to
the peculiar behaviour of the fish in conneo-
tion with local circumstances. Here too, -
catching methods may be classified into an act-
ive and a passive category.

The most important active fishing gear is
the eel trawl, which is forbidden in most
freshwater areas because of ite destructive ao-
tion upon fish stocks. A notorious example of
a freshwater eel trawl is that of the IJsselmeer
(Holland), a remnant of the former Zuyder Zee.
Willfull sea trawling for eels occurs e.80 in
Heligoland Bight. Sometimes in coastal waters
trawls designed for other purpose, e.8¢ shrimp
trawls, are used to catch eels. .

Another active catching method is that with
use of eel spears (Went, 1952; Wundsch, 1962)
and eel combs, either manipulated when walking
or from a vessel. Anglers may ocatch eels with
baited hook or by "bobbing", i.e. with a mass of
strung worms, which may be surrounded by a piece
of nylon stocking. Advantage is taken of the
tenacity of the eels, to hoist them above water
over a container into which they are dropped.
Sometimes dip-nets are alsc used.

A system which has come into use in recent
times is fishing with an electrified scoop net.
Fishermen may try in this way to reach inacces—
sible or unfishable places, e.g. stony or weeded

banks of canals, and catch eels here which other-

wise would have escaped.

Catching methods with long periods of
fishermen's inactivity are also numerous: 0ege

- catchroom.

fyke nets, eel-pots, baited hooks. With the
well-known fyke nets the fishermen make use 6f
the eel's tendency to swim along walls.. A
leader of netting guides the eels into the
trap-net provided with funnel-shaped inlets
which block the eels' return to freedom. Fyke
nets are oonsiderably adapted to local circum-
stances: small ones may be used in the small-
est ditches, really huge fyke nets are used in
open sea (of. also Meyer-Waarden, 1965, and
'65, '66, '67; Loebell, 1965).

Eel-pots may be considered as small fyke
nets with a rigid frame, without a guiding
system. The attracting agent is formed by
the bait put into the pots, or by the darkness
vhen the pots are tube-like with solid walls.

A useful combination of these demands is form-
ed by the wooden tube-like baited eel-pots

with two entrances, which recently have been
put in use in Holland with considerable sucoess.

Baited hooks are commonly used and may be
attached to floats separately or with a short
sideline to a oommon long line which may at-
tain a length of several kilometres.

Silver eels. Because of their restless—
ness, stationary gear is generally used to
catch silver eels. In flowing rivers the
great difficulty is to sift the eels out of
the water without being hampered too much by
the floating debris, so common in autumn, and
without barring the flow too much, as this will
result in deterring the silver eels. Very
long funnel-ghaped nets, which possess a high
water permeability, are the only answer to this
problem. These nets may be fixed in a rigid
frame, either connected to the banks or to a
weir, so that the whole flow may be forced %o
pass through the net, or operated from an an-
chored ship as occurred so often at the river
Rhine (Blirger, 1926).  An adapted type is the
so-called "Scherbrett-hamen" in use on some
German rivers. This net, among the largest
freshwater-gesr in the world, has the mouth
kept open by a trawl-type plate put odbliquely
in the waterflow. (Meyer-Waarden, 1965).

When the waterflow is small, e.g. in
brooks, an efficient fishery may be carried
out by foroing the water over a lot of horizon-
tal gratings, where the water falls through

‘and silver eéls, together with other fish and

objects, stay behind.

In great open-water areas silver eels are
mainly fished with giant fyke nets, as e.g.
along the coasts of the Western-Baltic. Small
areas with a narrow outlet without a heavy
flow are fished in a easy way: barring the .
outlet with diverging walls protruding into a
These walls of course may be
built of any suitable material available.
Well-known examples of this type are thecatch-
ing-sites at Comacchio (Libbert, 1908).



Along the North-Sea coasts silver eel fish-
ing in the autimn has been carried out in recent
times by pairs of trawlers, towing one net be-
tweeh them, in this way obviously getting the

necessary speed.

Beoause of the great diversity in local
circumstances under which eels and silver eels
are caught, it is virtually impossible to des-
ocribe exaotly all compositions and components
of which the gears exist. All material avail-
able and suitable may be used and is used, not
only e.g. hemp, silk, cotton and nylon, but al-
80 e.g. concrete, wood, iron, reeds, eto.

Exocept for the use of a faint candle or
kerosene light with scoop-net fishing for elvers
no practical use is made of light, nor of other
agents such as eochosounding, sound, eto., when
fishing for this speoies.

5412 DBoats

The already mentioned diversity in oiroum-
stances under which eels and silver eels are
caught, exerts its influence on the boats too.
These may range in sige from one~person paddle-
canoes, as in use e.g. in the Neretva~delta
(Yugo-Slavia), to the heavy trawlers, able to
withstand stormy weather at sea.

542 Fishing areas

In many areas fishing ooours ‘ého whole year
round; in colder areas it is interrupted by hi-
bernation of the eel.

" Peaks of fishing for eels ocour when the
water temperature has reached summer-values.
Fishing for silver eels and slvers only takes
place during the migration (see 3.51).

5¢4 Fishing operations and results

5¢41 Effort and intensity

Because of the numerous catch-methods under
very different oircumstances no uniform data oan
be given about the aspects of effort and intensg-
ity of the eel fishing.

Kakes (1966) studied eel fishing in the
IJeselmeeor, One of his conclusions was that
annual avergge catches per ship per week show
the same trerndj; moreover there is a distinct
correspondence between the total eel-catch and
the average annual catoh per ship per week.
This last item is a reliable index of the
"ocatch per unit of effort". Kukes also showed

“that at the IJsselmeer there is an exceedingly
high ocorrelation between the average. annual
ocatch per ship per week in a year x and the to-
tal elver catches (Bee 3.512d in the years (x-5)
up to and inocluding (x-8). This relation
changed when in 1960 the IJsselmeer-eel trawlers

started to use heavier motors. In the period
after 1960 the yield per reoruit (elver) was
obviously lower than in the period defore.
This lower yield thus was obtained with a much
high;r fishing-intensity. . (of. also Deelder,
1965).

Acoording to Daelder (1963) the fishing .
intensity in the IJsselmeer amounted %o about
91 per cent in the years after 1960, while in
1957 it was ocaloulated to be about 75 per cent
(of. also Deelder and de Veen, 1958) and in
1939 it was about 66 per ocent.

According to Deelder (unpublished) it is
due to the fishing intensity, mainly. oaused by
the heavy motor-trawling, that the yield per
surface unit in the IJsselmeer is low, vis,. -
about 10 kg per ha in 1967. _In another Dutoh-
lake, where no trawling is allowed, this.value:
was twice as high in the same period,. Fron
some enclosed Dutch areas, howsver, yields up
to about 60 kg per ha are known. . -

Rasmussen (1952) mentioned forhmm,
Denmark (1730 ha) an average production of
7+74 kg per ha. -

542 Seleotivity .

The oatch-size of the round and: slippezy. -
eel is very dependent on the mesh-mise qf the..
gear. Comparative investigations on this. .-
subject have been ocarried out simultanecusly
in the IJsselmeer (Deslder, unpublished) with
eel trawls of different mesh-sise, vis. 14, 17
and 22 mm, when stretched. The. results of..
these trials are shown graphioally in Pig, 16.

Of oourse hook sise, when baited hooks
are used for eel fishing, exerts a selective
influence too. 80 does the sise of the bDait,
the length of the oonneoting lines and. the
sige—composition of the eel stock. . As & mat~
ter of faot the latter item also affeots catch~
es with nets, oclearly demonstrated whemn catches
of fyke nets vith same mesh-~sisze and operated
in two separated water-areas were ocompared
(Fig. 17, Deelder, 1968).

5.43 Catches

Because of the secretiveness of eel fisher-
men it is almost impoasible to get reliadle
datch datue An exception has been pressnted
by Meyer-Waarden (1965, '66, '67) in his exten-
sive oompilation on the several aspeots of eel
fisheries in Western Germany. . '

The FAO Yearbooks of statistios mention
soma total catches in several ocountiries (Table -
VII). Of these data soma must have been es-
timated, other data, e.g. from Egypt, have been
onitted. . ‘ ‘



un/no Arguills snguilla . , 533

»
()
]

Fig. 16 length-frequencies of lJsselmeer eels, caught by eel-travls with
different mesh-sises in the cod-end, vis, 14, 17 and 22 mm
respectively vhen stretched.

Bel~-lengths rounded off to the nearest om downwards.
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TABLE VII

Eel catches, by species and by countries *
Thousand meiric tons)

Species, country 1958 1963 1964 1965 1966 1967 1968
European eel 15.0 20,0 20,0 19,0 20,0 20,0 21.0
Anguilla anguilla
Morocco - eee 0.3 0.3 0.3 0.3 0.3 0.3
Czechoslovakia oee 0.0 0.0 0.0 -— -— —
Denmark 3.3 4.0 3.3 3.2 3.7 3.5 4.3
Finland see soe XX XX eee > X ese
France 0.7 1.4 1.5 1.7 1.3 2,0 2.6
Germany (El.storn) Xy 1.6 1.4 1,1 1.3 XX [ XX]
Cormany, Fed. Rep. of 0.4 0.5 0.4 0.4 0,5 0.6 0.6
Ireland 0.1 C.1 0.1 0.2 0.1 0.1 0.2
Italy 2.5 4.2 3.5 3.2 3.1 3.1 3.2
Netherlands 2.9 ) 109 2.4 201 2.8 301 207
Norway 0.4 0.5 0.4 0.5 0.5 0.5 0,6
Poland 1.2 1.0 - lel 009 1.0 1.1 1.1
Spain zInlmd) a/ 005 15 16 1.2 1,2 1.2 1,2
Spo.in Marine filh.ﬂ.l) oee 004 0.7 0. 5 0. 5 004 0.3
Swodon A 1.8 2.1 2.3 1.8 2,0 1.6 1.7

§hgllnd and Wl.l‘l) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Northern Irolmd) 0.5 0.7 0.6 0.8 1.0 0.6 0.6
USSR b coe 0.3 0.3 0.3 0.4 0.4 0.4

# Taken from FAO Yearbook of Fishery Statistios, Catches and Landings, 1968.

a/ Includes also quantities caught by sport fishermen.
b/ 1958, included under "Various freshwater fishes".
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6 PROTECTION AND MANAGEMENT

6.1 Regulatory (le 'hlstivo» noAsuUres
6.11 Limitation or reduction of
total ocatoh

No instances are known of limitations on
the efficiency of fishing units or on total
catches (quota). Limitation on the number of
fishing units (fishermen), vhich may be observ-
ed here and there in inland water-areas is more
resulting from the urge to ensure a reasonable
living than from the desire to proteot the eel
population.

6.12 Proteotion of portions of
populations :

The proteoction of portions of eel popula-
tions is enforoed in only a few areas, with

the idea of sheltering very small eels lest
the incomes of the eel fishermen be endangered.
The protection may be based upon enforoing a
minisum length or minimum weight. Some in-
stances may be mentioned here: Holland, 28 omj
¥.Ireland, 5 os (= 141.6 gr); Poland, 125 gr.

6.5 Artificial stocking

It is not possidle to track all the stook-
ing-programs oarried out with eels and elvers,
vhich are of national, international and even
interoontinental nature. E.g. in 1969, 50 t
of elvers were transported from France to Japan.

-~
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7  POND FISH CULTURE

Although repeated triale in this direction
have been made, culture of the European eel in
ponds is still of no secure sucoess. Remark-
able results have been attgined by Koops (1966),
who got in a pond of T00° a summer production
increase of 190 kg, starting with 350 kg.

Reocently Meske (1968) got in one suamer
growth of aquarium-held elvers vhich meta~
morphosed to eels and reached weights of 124,
110, 92, 83 and 80 g eto., together with eels

of only 1 g.
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