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Size and Age of the Silver Eel (Anguilla anguilla (L.))
in Esrum Lake.

By C.J. RASMUSSEN
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7 Introduction.

sruM LAKE, with an area of about 1730 ha, is the
largest lake of Denmark but one. Its physiogra-
phic properties have been thoroughly described by
Berc (1938); therefore only a few characteristic fea-
tures of the natural conditions of the lake will be
pointed out here.
The length of the lake—taking a course nearly

north-south—is about 8 km, and its breadth is 2—3

km. The maximum depth is 22 m and about half of
the area has depths from 15 to 20 m, the litoral zone
nearly everywhere being very narrow (fig. 1). The
average depth (12.3 m) is therefore rather consider-
able in relation to the area of the lake. :

The catchment area, which, including the lake,
amounts to 78.5sq. km, gives off insignificant af-
fluents only. The outlet, Esrum A, which issues from
the northern end of the lake and debouches in the
Kattegat, passes the water mill of Esrum, where
there is an eel trap.

The lake is eutrophic and conditions of oxygen from
surface to bottom show considerable variations in-
fluenced by the seasons. Thus Berg’s investigations
show that the saturation of oxygen at the end of the
summer stagnation period in more than 15 m’s depth

is less than 50 per cent. and that the water at a depth
of about 20 m may be practically oxygen-free, a fact
which is of a certain interest from the point of view
of fishery biology as it may sometimes during part
of the year prevent the fish from staying at the bot-
tom in up to half of the area of the lake. When such

“.conditions set in, the demersal fish are therefore com-

pelled to making vertical, temporary feeding migra-
tions from higher layers of water richer in oxygen.
We have an interesting proof that such vertical move-
ments take place in the case of the eel. It has long
been known among the fishermen that the eels which
towards the end of the summer stagnation period are
hooked in deep water in Esrum Lake, are dead when
collected. Investigations of the cause showed that the
contents of oxygen at the depths at which the dead
hooked eels were found, were so poor that they could
not stay there; so the cause of death was suffocation.
Consequently there can be no doubt that the demersal
fish of the lake to a certain extent in late summer are
compelled to lead a partly pelagic life (OTTERSTROM
1934).

The fish population of the lake consists of the fol-
lowing species: eel (Anguilla anguilla (L.)), pike (Esox
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Fig. 1. Chart indicating depths in Esrum Lake. (After H. W. FIepLER’S survey of 1871,
reproduced from WEesENBERG-LuwnD, 1904).
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lucius L.), perch (Perca fluviatilis L.), ruif (Acerin.!:z
cernua (L.)), bream (Abramis brama (L.)), roach (Ruti-
Jus rutilus (L.)), rudd (Scardinius erythrophthalmus
(L.)), tench (Tinca tinca (L.)), bleak (filburnus al-
purnus (L.)), and crucian carp (Carassius carassius
carassius (L.))-

The nine-spined stickleback (Pungitius pungitius
(L.)) 18 found in several small affluents, but is not
reported from the lake.

As for Esrum Lake and all other large Danish lakes
in which rational fishing is carried on, the size and
utilization of the population of eels are decisive of the
profitableness of the fishery. As compared with the
el fishery the fishing for all the other species
therefore is secondary and must in part be considered
either as a byproduet of it or as part of the measures
for its promotion.

The eel fishery is mainly carried on as trap fishing
for yellow eels as well as silver eels, to which should
be added a not inconsiderable hook fishing for yellow
eels in spring and the early summer as long as the
eels willingly take the bait and the price of eels is
still fairly high.

The majority of silver eels which are not caught in
the lake during the seaward migration are caught in
the privately owned eel-trap at the mill of Esrum.

The population of eels is maintained partly through
natural immigration of small fry and partly by rather
considerable transplantation of elvers and small yellow
eels (cf. Table 12).

1. Material.

Esrum Lake formerly was part of the crownland
and is now the property of the Danish government,
which—apart from a minor area in the south-western
corner of the lake, where the right of free fishing has
been conferred on the owner of the mill of Stenholt—
farms out the fishery for ten-year periods. Besides the
economic obligations various duties concerning the
management have been imposed on the lessee. He 1s
to conform to certain directions given by the Ministry
of Fisheries. Apart from these regulations he is to de-
liver 30 silver eels a year to the Fishery and Sea In-
vestigations of Denmark for control of age and weight.
The material for the present paper mainly originate
from these compulsory deliveries and comprises the
period from 1937 to 1950.

_ On account of the desirability of providing a material
n each case which on an estimate can be considered
representative of the population of silver eels in the

lake, the control eels are collected at random from the
catches. Only in so far as large eels are concerned, i.e.
eels from about a pound and upwards, which constitute
only 5—7 per cent. of the total catch, a certain subjec-
tive estimate has proved necessary at the collection.

The male eels are of rare occurrence in the lake.
Partly for this reason and partly because they mainly
emigrate seawards before the female eels and therefore
are extremely rare at the rather late period (from the
middle of September to the end of November) when
the control eels are collected, they have not been
represented in the material investigated, which thus
consists exclusively of female eels.

With the exception of the eels in the sample from
1938 which were killed with ether, all control eels
were killed with common salt, after which measure-
ment, weighing, determination of sex, and collection
of scale samples and in some cases otoliths took place.
The length is everywhere stated at the lowest whole
number of centimetres and mean lengths etc. are given
without correction (4 0.5 ¢m) for this. Weighings were
made with an accuracy of about 1 gramme. The killing
with salt involves a certain loss in weight, which, how-
ever, within the period of the salting is so small that I
have not found it necessary to correct the values found.
A control experiment showed that 5 eels with a total
weight of 1799 g after being kept in salt for 5 quarters
of an hour had lost only 75 g (4.2 per cent.).

After removal of the slime all samples of scales
were collected between the lateral line and the dorsal
fin above the anal region of the fish, where the first
scales develop (cf. p. 8). The samples of scales are pre-
served in 70 per cent. alcohol and washed in water
before sorting and examination.

Whereas scales were sampled from all control eels,
otoliths were taken only from the material of 1948—
50, which in all includes 110 silver eels. The otoliths
are kept in aleohol with the samples of scales to which
they belong.

2. Determination of Age.

(a) General Survey.

In his important work on the determination of age
in the European freshwater eel GEmzoE (1907) showed
that the concentric zones—more or less completely
developed—in scales of eels are annual rings. His paper
became the basis of a considerable number of other
papers which have since then been published for the
purpose of elucidating the question of the age and



growth of the freshwater eel. However, as the eel does
not begin developing scales until reaching a length
generally of 17—18 cm, the #se of the scales for the
determination of age presupposes that the age of the
eel at this length is known beforehand. On the basis
of the measuring method GemzoE thought it possible
to establish that the first beginnings of the scales are
normally started in the third year after immigrating
as an elver.

ExrENBAUM and Marukawa (1912) found an im-
portant aid in determining the age of the freshwater
eel in the otoliths, which in the case of the minor eels
enable a very sure determination of their age. The
advantage of using the otoliths for determination of
age rather than the scales, amongst other things are
due to the fact that the otoliths start developing
already in the early larval stage, whereas the time
for the first beginnings of the scales to no small
degree—as will appear from what follows—seems to
depend on the rate of growth. The elvers, which
generally make their first appearance in the lower
parts of the streams in the months of April—May
and which according to Joms. ScumIpT’s investiga-
tions (1922) are about three years of age, thus al-
ready have well-developed otoliths (cf. Plate I, fig. 4).

During the stay in the freshwater the otoliths are
enlarged with concentric formations of rings, which
in incident light appear as alternately light and dark
zones and which on the basis of growth experiments
in aquaria through several years could be identified
with certainty by ErrRENBAUM and MarukAwa (1913)
as respectively summer and winter zones. With this
means of a sure determination of age it was then
rather easily shown that eels from the Lower Elbe
generally do not start developing scales until the
fourth year after their immigration as elvers. As a
general rule it was also assumed that the age and not
the size of the eel is decisive of the time when the
first beginnings of scales make their appearance in
free-living eels. According to these authors this means
that at determinations of age on the basis of scales
we should add to the number of zones of growth
found, not two—as maintained by GEMzor—but three
in order to find the number of years spent in fresh-
water by the eel after its immigration as an elver.

Whereas according to EErRENBAUM and MARUKAWA
the time for the beginning of the formation of scales
in the free-living eels must be supposed to be rather
closely connected with their reaching a definite age,
their experiences from rearing in aquaria suggest that

the formation of scales there is not connected with
a definite age, but with a definite size, which in their
material was 18 em.

Later investigations have not confirmed Enren-
BAUM and MARUKAWA’s observations of the formation
of scales in the free-living eels being started at a
definite age. These later results more nearly agree
with the results of their aquarium experiments.

When examining eels from Commachio in Northern
Italy HaempEL and NeresarMER (1914) found that
4 out of 5 eels of 15¢m in length and 2 of 18 cm,
which were all in their second year in freshwater
(I-gr.) had already beginnings of scales. In this con-
nexion Marcus (1919) remarks that partly because
of the small number of specimens examined, partly
because of the uncertainty of the age determinations
caused by ignorance of the time of catch, there is
also a certain uncertainty as regards the evaluation
of the results of growth obtained. Regardless of the
justification of this criticism it is of interest to note
that HaemMPEL and NERESHEIMER’s result does not
agree with EHRENBAUM and MARUKAWA’s experiences,
but rather support the assumption that the scales
in the free-living eels begin to develop when the
eels reach a certain size, not a certain age. The view
that the scales chiefly begin to develop in the second
or—when keeping Marcus’ criticism in mind—per-
haps the third year in freshwater, must be viewed in
the light of the fact that the Italian eels—as shown by
Haemprr and NERESHEIMER—at any rate during the
first years grow faster than the North European eels.

Marcus (1919) himself, who has determined the
ages of nearly 9000 eels from German lakes and
streams on the basis of examinations of both scales
and otoliths, makes the following survey (Table 1)
of the beginning of the formation of scales in eels
caught in May—June in the Weser at Bremen.

Out of group I1 11 (17—22 em) were already devel-
oping scales, while 29 (13—20 cm) were scaleless
(27.5 and 72.5 per cent.). Out of group ITT 128 (15—
27 e¢m) had scales, while 11 (14—18 cm) were scale-
less (92.1 and 7.9 per cent.). From these results
Marcus concludes that the first scales generally begin
to develop when the fish has reached a length of
16—17 em, which is in good agreement with Gu-
ZoE’s results. In the case of the eels of the Elbe as
well as those of the Weser this size was mostly
reached during the fourth freshwater year (group I11).

~Norpqvist and ALy (1920) similarly for the Swe-
dish eels give the fourth freshwater year as the age
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TasrLe 1.
Age and length of eels from the Weser at incipient formation of scales (according to Marcus, 1919).

Weser alenes alder og lengde ved skelanleg (efter Marcus, 1919).

o SRESEERSERTEEEAREEE AR 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Langde i cm
With scales. .....coviiannnn 2 5 1 2 4
11t Med skeel
ﬁf;ﬂgpen lWithout seales .. .o 3 3 6 6 3 4 2 2
Uden skl
With scales . . cwsn ven s s o 1 4 10 14 19 24 10 20 11 5 7 2 1
1111 Med skeel
gfg?fppen Without scales ............. 1 4 2 2 2
Uden skl

1 Group II, respectively III, was finished in April.
1I- henholdsvis 1II-gruppen var afsluttet i april.

at which the scales are generally formed. In older
cels, however, as will appear from the caleulations in
Table 6 (p. 11) made on the basis of their investiga-
tions, there seems to be a tendency towards a greater
deviation between the readings of scales and otoliths
than in the younger age-groups. Out of the total ma-
terial 62.7 per cent. should have begun developing
scales in the fourth year in fresh water, 10.0 and
24.6 per cent. in the third and fifth year, respectively,
and only 1.2 and 1.4 per cent. in the second and sixth
year, respectively.!

Tescu (1928), who states having examined several
thousand otoliths of eels, finds identical conditions
in Dutch waters, giving the length at which the first
scales are formed as 16—18 cm, generally corre-
sponding to group 1II (cf. Table 2).

Frost (1945) has examined more than 600 eels
from the Windermere catchment area, the age of 310
of which has been determined on the basis of exami-
nations of both scales and otoliths. She finds a diffe-
rence between the readings of otoliths and scales of
1—5 years, i.e. that the formation of scales may be
started in group I, I1, IL1, IV, or V. The correspond-
ing percentage distribution was 12, 27, 38, 16, and 6.
The fact that the fourth freshwater year is not—as
observed by other authors—so predominantly the year
of the first formation of scales, is, according to Frosr,
due to the readings of otoliths in the case of the older
eels being uncertain. Particularly these eels, which in
her material are most strongly represented, give the
great deviations. It might be added that also the un-
certainty of the examinations of scales is to some

1 Because of an error in summing up in NorpqQvist and
ALwm’s Table 1 their statements of percentages and mine are
not identical.

degree increased with increasing age of the fish (ef.
P 9).

An examination by the present writer of scales as
well as otoliths of eels from Ringkebing Fjord caught
during immigration into West Stadil Fjord in June
1951 supplemented by a corresponding examination
in December 1951 shows so distinct a predominance for
the fourth freshwater year in respect of formation of
the first scales that, regardless of the numerical weak-
ness of the material, it must be supposed to give a
reliable picture of the eel population in this respect.
The age and length of the fish appear from Table 3,
in which the eels examined in June are included in
the age-group concluded by the end of April. None
of these eels showed new accretions of scales or oto-
liths (see p. 10). Whereas the individuals of the 0-,
I-, and II-groups were all without scales, all the indi-
viduals—with the exception of a single eel (17 ¢cm)—
of the III-group and the following groups had formed
scales. In Table 4 the ages are stated at which the

TaBLE 2.

Dutch waters. Percentage distribution of eels which
have begun developing scales in the various age-groups
(according to TescH, 1928).

Hollandske vande. Procentvis fordeling af a1, der har anlagt skel
ved de forskellige alderstrin (efter TEsch, 1928).

Localities
-l ) Hollandsch Diep,
Age-group for incipient Zuiderzee Haringvliet,
formation of scales ‘Waal
Alderstrin for skelanleg Percentage Percentage
Group I... .. 0.3
— II.. 14.0 7.0
== Il s vonms pesa s 68.3 70.0
= IV o o s s wed 16.5 19.9
e T . 1.2 2.5
—s M. 8 555 5 26 & 0.3
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TaBLE 3.
West Stadil Fjord. Age of small yellow eels. é é
¥ Alderen af sma gulal. § . 3 oz
@ % @ % D
S =i mar
Length in cm %ﬂ g 2 :S :.;; A
Lengde i cm 2= 8 g g B3
“ave srouns | 2 10 11 12 413 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 2930 31 32 =2 TE E=72
Age groups g3 Ex E£Ex
Aldersgrupper = = o< ZB<H
O coms sen s 2 2 2 .. 10.0 6 0
| s we b4 1 2 .. 12.8 b 0
Im........ i 2 & & 2 o5 s 16.3 13 0
Inr. ... 1 2 2 2 e cees 18.3 7 6
IV wiai 5 e o 3 1 . 2 2 1 1 1 v . .. 238 A3 12
T 3 55 3 2 1 289 19 19
VI........ 3 3 30.5 6 6

individuals belonging to the age-groups examined
have formed scales, and the mean values for the dif-
ference between the number of zones in scales and
otoliths (cf. Table 3 and 4).

The results mentioned, which originate from exa-
minations of eels from streams as well as lakes and
brackish water mainly situated in areas with climatic
conditions similar to those in this country, compared
with my examination of eels from West Stadil Fjord
all point to the fourth year of life after the elver stage
being the year in which the formation of scales is
generally started. It must be justified to assume that
this is a rule which in general also holds good of
Danish conditions. It should, however, be realized
that the first formation of scales does not take place,
as maintained by EnrENBAUM and Marukawa, be-
cause the fish has reached this definite age, but be-
cause this age is usually connected with the length
of 16—18 cm at which the scales begin to be formed.

(b) The Author’s Investigations.
(1) Investigations of Seales.

It is an experience already made by Gemzor (1907)
that the first scales in the eel are formed between the
lateral line and the dorsal fin above the anal region,
and later authors corroborate this observation, thus
Frost (1945), who has made a careful examination of
the age of the scales in 9 sections of the body of
the eel.

The determination of age on the basis of the scales,
however, besides by the uncertainty in respect of the
age at which the individual formation of scales begins,
is rendered difficult by the fact that the scales in the
mentioned area above the anal region are by no means
of the same age or at any rate do not show the same
number of zones of growth. As maintained by Mar-
cus (1919) the cause of this must be the fact that the
growth of the scales in the eel more than in any other
fishes is a function of the general surface growth, as

TABLE 4.
West Stadil Fjord. Age at incipient formation of scales for the inviduals belonging to the various age-groups,

and corresponding mean values of the difference between zones

in scales and otoliths.

Alder ved skelanleg for de til de enkelte aldersgrupper herende individer samt de dertil svarende middelverdier
for forskellen mellem antal af ringe i skl og otolither.

Age groups
Aldersgrupper
Number (n) and mean length (M)
Antal (n) og Middellengde (M)
Scales formed in: 3. year in freshwater
Skel anlagt i: 3. ir i ferskvand
4. year in freshwater
5 —

n
3 19.0 1

......................... 3
1

111 v v VI

M] n M] n Ml

M,
29.0 4 29.0

18.0 10
1700 1

23.6 18  28.9 3 303
20.0 6 : 3 307

Difference between number of otolith- and scale-zones
Forskellen mellem antallet af ringe i otolither og skl
* Beales not yet formed in the 4th year.

(2.7) 3.0 2.9 3.5




s do not cover each other, but are situated
side by side in & parqu?try-hke pattern. Ag thus the
formation of scales is limited by the possibilities of
extension conditioned by the Surff’we grow.th, there
are frequently in the scales—partlcu_la}-"ly. in poorly
growing ecls—incomplete zonc'a formations in the form
of larger or smaller caps which generally are found
at the ends of the scales, either at both ends or only
at one end of the scale. More rarely they appear on
the sides of the scales.

For the same reason the growth may now and then
fail to appear for a year in some of the scales. The
consequence is that the older the eel, the fewer scales
will register the correct age, i.e. display the number
of zones corresponding to the number of years of life
after the formation of the first scales. The value of
determinations of age made on the basis of the zones
of growth of the scales therefore is conditioned by the
question from where on the body the scales have been
removed and on how large a number of scales the de-
termination of age of the various individuals is based.
Missing information on this point limits the value that
can be attributed to a number of works on the age and
growth of the freshwater eel. The determinations of
age in the present work are based on the examina-
tion of generally 20 and never below 15 scales accord-
ing to the number of usable scales contained in the
samples. In the comparatively few cases in which it
was possible to use a small number of scales only,
the determinations of age have been discarded. Apart
from examinations of details made at a magnification
of up to about 300 times, the examinations of the
scales have been made at a magnification of about
75 times. Table 5 throws light 6n the importance of
the determination of age being based on a suitable
number of scales. It shows variations in the number
of zones in 20 scales from each fish in the material of
1946. I have not found HornyoLrp’s (1922, etc.) gen-
eral statement of the frequency of the maximum num-
ber of zones in the examined samples of scales from
each individual of such a value that it should justify
the inclusion of so large diagrams as would be a con-
sequence of this procedure.

From what precedes it can be concluded that on
the basis of our knowledge of the structure of the
scales of the eels it must be taken for granted that
al the determination of age on the basis of the scales
only—regardless of the care with which the examina-
tions are made—results will be obtained which are
generally more or less at the lower limit of the actual

the scale

TABLE 5.

Esrum Lake. Variations in mumber of
scale zones illustrated by examination of 20 scales from
each silver eel. (October 1946.)

Esrum Sa. Variationer i antallet af skelzoner illustreret ved
under_s;age.lse af 20 skl fra hver blankal. (Oktober 1946.)

Length Weight Number of scale zones — Antal sklzoner
cm 4 4 5 6 7 8 9 10 11 12 13
49 212 2 15 & .,

50 225 3 8 7 2

hi 242 2 413 B ..

B 26 .. .. 5 12 2 1

B2 35D .. L we 2B 3 A

53 232 1 4 412 3 ..

b3 256 2 7 8 3

b3 274 3 12 4 1

b3 282 1. 9 & 2 ..

b3 285 4 10 4 2

54 267 8 89 3 ..

bA 273 .. .. s = 12 6 2

b4 304 .. .. 1 2 4 9 4

5 273 .. 3 9 6 2 ..

bb 276 ¢ 1 13 B ;.

55 284 co w20 7T B 3

bb 284 2 7 5 4 2

55 287 2 6 8 4

55 305 3 40 4 3 ..

56 286 .. .. .. .. 8 9 2 1

6 304 .. .. .. 1 8 9 2

BT 297 i az: ¢ ozz 1 6 42 4

57 807 wx «o 4 7 A0 P .. .

59 320 1 7 6 6

60 335 1 = & 9 8§ 2
62 396 4 12 3 4 .
62 405 3 11 5 1

numbers, but that the error is diminished the more
scales underlie the individual determinations.

The question then arises whether we should not
completely disregard the scales as a means of age
determination and exclusively use the otoliths in-
stead. This question cannot be answered generally.
In the case of the smaller (younger) eels there can
be no doubt that the best results in most cases are
obtained by examination of the otoliths in preference
to the scales. The determinations of age should there-
fore as far as possible be based on the former. In the
case of larger (older) eels the otoliths, however,—
regardless of grinding—mostly are of so slight value
as a means of determination of age that they become
more or less unusable for the purpose. This is partly
due to the frequency with which false zones make
their appearance (Frost (1945) “The multiple band
zone type”), partly to a common blurring of the
boundaries between the various annual rings, often



apparently caused by a very vigorous chalk incru-
station.

At the treatment of the material in hand I hdve
in the case of the greater part been prevented from
using the otoliths for the determination of age as only
samples of scales were available. In order to estimate
the value of the determinations made from the original
material only on the basis of the scales, I have there-
fore also examined the otoliths in the material from
1948, 1949, and 1950, including in all 110 individuals.

(2) Investigations of Otoliths.

Because of the small size of the otoliths the grind-
ing of these is generally stated to be a complicated
and time-wasting work, which in all publications
known to me is stated to have been done by rub-
bing the convex surface of the otoliths against a fine
grinding-stone with the forefinger. This procedure,
which I, too, have tried, often gives uneven ground
surfaces and gives rise to frequent fractures, which
only in the most favourable cases pass through the
centre of the otoliths, where the greatest grinding
away takes place, but which in more unfavourable
cases leaves unusable fragments only. I have suc-
ceeded in eliminating these difficulties by using an
improved model of an apparatus, constructed and de-
seribed by Jounston (1938) and intended for the
grinding of small objects. By means of this apparatus
I have made a considerable number of grindings of
otoliths and found it both practical and quick in
use.

The apparatus consists in principle of an oblong,
triangular wooden plate the two hindmost and lowest
corners of which rest on small metal wheels, while
the foremost part of the triangle on the lower surface
has a setting for the fixing of a round glass plate on
which the otoliths are mounted. The apparatus thus
has three points of contact, the foremost of which
being constituted of the otolith(s) mounted on the glass
plate. During the grinding the apparatus is moved to
and fro on plane-ground lithographic slate moistened
with water. In this way the grinding lasts at most a
few minutes. The otolith(s) should, however, be exa-
mined now and then with a magnifying glass in order
to check that not too much is ground off.

Before the otoliths are mounted on the glass plates,
they are put into absolute alcohol for a few minutes
in order to remove a possible content of water. For
the mounting of the otoliths on the glass plates I
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have experimented with various adhesives and finally
adopted cellulose lacquer, which besides being fast-
drying, will harden much and is easily dissolved
again in acetone. After grinding and later dismount-
ing of the otoliths and washing twice in acetone, they
are placed in xylol, which I have found to be most
practical for clarifying as they may then be mounted
direct in dammar or Canada balsam to be kept until
wanted. The use of the grinder mentioned makes it
possible to mount and grind both otoliths at the same
time, while by the more primitive method generally
only one otolith was ground. As the zones in the two
otoliths may appear with unequal distinctness, it will
often support the interpretation of the otoliths that
both are immediately accessible for examination.

When having a suitable number of glass plates for
the mounting of otoliths at one’s disposal, the whole
process including mounting, grinding, and the making
of preparations can be carried through in 15 to 20
minutes.

With incident light, which is most suitable for the
examination of the otoliths, the central field appears
as a dark clear nucleus surrounded by a white ring,
round which follows another narrow clear zone (cf.
Plate I, fig. 4). This part of the otolith, which is found
in the immigrating elvers, may be referred to the
Leptocephalus stage and is not included in the deter-
mination of the age of the eel, which is given by the
number of years of life of the fish after its immigra-
tion as an elver. After the Leptocephalus zones follow
alternately broad, white, reflecting summer zones and
narrow, dark, light-absorbing winter zones formed
during the stage as a yellow eel.

At a comparison of the number of annual rings in
scales and otoliths it must be considered that the
zones of scales and otoliths are not formed at the
same time. The summer growth of the scales is usu-
ally stated to have started at the earliest in June
(GEmzoE (1907), ErrENBAUM and MARUKAWA (1913),
Marcus (1919)), but according to the last-mentioned
writer it may also start as late as August. Frost
(1945) for her Lake Windermere material states that
the new growth of the scales starts in July. The end
of the growth is referred to October—November by
Marcus (1919).

The new growth of the otoliths, however, begins
considerably later than that of the scales. MArcus
(1919) thus finds the first summer zones in September
—October and refers the cease of their growth to
November, in which month the winter zone is gener-
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TABLE 6.

Examples of the difference between the number of growth zones in scales and otoliths in different age-groups of eels.
The figures in parenthesis indicate the number of individuals examined.

Eksempler pa differencen mellem antallet af tilvekstzoner i skl og otolither hos forskellige aldersgrupper af dl.
Tallene i parentes angiver antallet af undersegte individer.

Age groups {

A1deTEgINDDEr, 111 IV Y VI VII VIII 1X X X1

Localities

Lokaliteter

J Lower Elbe... 3.0(2) 3.5(20) 3.9(77) 4.3 (b0) 4.6 (12) 5.0 (3)
Nedre Elben
Marcus (1919) .. Eﬁﬁerf}hme o 40 () 41 (7)  46(7) 54 (T)

(Clare?) ..... 1.0 (1) 3.0(9) 34 (38) 3.6 (52) 4.0 (44) 4.2 (18) 4.8 (4) 5.0 (3)
Ireland

NorpvisT and
Arwm (1920)...:..

Svenske al

ally considered to develop. In Frost’s material the
gsummer zone can be observed in August and it seems
to have been completed in November. In my material
from Esrum Lake, which exclusively originates from
the period between the middle of September and the
end of November, the summer growth of the scales
has always been finished. The same seems to apply
to the otoliths, which all originate from eels caught
in October—November. It will often, however, be
difficult to establish whether the winter zone has been
started, partly because there is generally a certain
transparency in the outermost thin edge of the oto-
lith, and partly because the transition between the
two zones is not always sharply defined.

As mentioned above, the uncertainty of the deter-
minations of age increases with the age of the eels.
The otoliths become more difficult or impossible to
interpret, and fewer and fewer scales register the
correct number of zones of growth, particularly when
originating from a population living under poor con-
ditions of growth. The result is that the difference
between the zones of growth of the otoliths and those
of the scales show a tendency towards increasing with
. the age of the year-class to which the fish belongs, the
more so the poorer the conditions of growth of the
population. Table 6 shows examples of this borrowed
from Marcus (1919) and from Norpgvist and ALm
(1920). For reasons of space only the average differ-
ence in number of zones between scales and otoliths
within the various age-groups is given.

The material mentioned, however, in respect of
age only touches the lower limit of that examined by
me; so a direct comparison cannot be made. Frost
(1945), whose material from Lake Windermere in the
case of the silver eels in many respects resembles that

Swedish eels.. 2.6 (16) 2.9 (38) 3.1 (93) 3.2 (126) 3.3 (83) 3.6 (36) 3.5 (15)

of mine from Esrum Lake, unfortunately has given
only the previously mentioned percentage figures for
the difference in the readings of scales and otoliths
for the whole material of yellow eels and silver eels,
so that there is not any possibility of a direct com-
parison here, either.

The difficulty of making a correct age determina-
tion of the older eels on the basis of the otoliths even
after grinding has caused that only a small percentage
of the otoliths from my Esrum Lake material could
be used for a comparison with the results obtained on
the basis of the examinations of the scales. A total
of about two thirds of the otoliths proved unservice-
able, so that the age of only 38 eecls could be deter-
mined with certainty on the basis of the otoliths only.
9 of these eels were from 1948, 20 from 1949, and 9
from 1950. The difference between the readings of
scales and of otoliths from these 38 eels appears from
Table 7.

The tendency towards increase of the difference
between the readings of scales and of otoliths with
increasing age shown by Marcus (1919) and Norp-
ovisT and Arm (1920) also to a certain degree seems
to apply to my material. It should, however, be noted
that the difference between my readings of scales and
otoliths, when the higher age of the eels is taken into
consideration, is somewhat smaller than those found
by the authors mentioned. However, as they have
not given any detailed account of the methods used
particularly at the examinations of scales, the cause of
the differences ascertained escapes a closer estimate,
unless, that is, these should execlusively originate
from the different conditions of growth, which, how-
ever, there does not seem to be any sufficient basis
for assuming. For a reasonable explanation reference
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TaBLE 7.
Esrum Lake. Difference between the number of growth zones of the silver eels in scales and otoliths.

Esrum se. Forskellen mellam antallet af blankalenes tilvaekstzoner i skal og otolither.

Age groups
. Aldersgrapper X %1 X1I XIII X1V XV  X-—XV
Diff. otolithzones — scalezones

Diff. otolith- = sk=lzoner
lcesisnn m rrsin weaiie # vie SPSUE TSR W o PEEIR WSS G 4 2 4 il s 5k .. 4
S T 6 7 4 5 2 : e 22
Bovain & s $53 T68 & B HOE PES T DR SOT T g 3 4 1 { e 9
SR s o e ey s W 1 1 .. A 3
Mean difference and number of specimens 2.8 (8) 3.2 (11) 3.5(10) 3.4 (7) 40(1) 50(1) 3.3(39)

may be made to the statement on p. 9, ¢f. Table 5,
about the number of zones of growth in the scales.

It is an obvious objection to my material that the
sorted-out, unserviceable otoliths should mainly ori-
ginate from the eels with the poorest growth, in which
the difference between the readings of scales and oto-
liths is greatest, according to the authors mentioned
above and that the material on the whole is too small
for a correct evaluation of this question, which is
extremely important for an estimate of the value of
the age determinations made on the basis of the
scales. This objection cannot simply be dismissed.
On the other hand I have hitherto, after examining
several hundreds of samples of scales and otoliths of
eels from various Danish bodies of water, been unable
to find any connexion between the rate of growth and
the greater or smaller distinctness with which the
annual rings in the otoliths appear. So 1 think it
justifiable to maintain that the more or less distinct
formation of annual rings in the otoliths can be re-
ferred to causes which on the whole are without con-
nexion with the rate of growth of the fish.

The numerical poverty of the material does not
allow any safe conclusions from the mean values for
the number of zones in scales and otoliths calculated
for the various age-groups. As, however, the material
by its distribution according to length as well as by
the mean value of this (55.1 ¢cm) and the average age
calculated on the basis of the examinations of scales
(11.3 years) gives a reliable section of the whole
material (cf. p. 22 and Tables 13 and 14), the mean
value calculated for all age-groups (3.3) for the dif-
ference between the number of zones in scales and
otoliths must also be supposed to be approximately
valid for the whole material examined.

As maintained by previous authors the age deter-
minations of eels should as far as possible be based on
examinations of both scales and otoliths, although

the value of the latter, as appears from the above,
decreases considerably with increasing age and there-
fore mainly, in the case of older eels, must serve to
support the determinations made on the basis of the
scales. From the age of about 8 years and upwards
the scales will often be the only serviceable object for
determination of the age of a given material, unless
one draws the consequence of the inapplicability of
the otoliths increasing with age and exclusively bases
the determinations of age on the minority of otoliths
which allow of a sure reading of the age. The question,
however, is whether so drastic a reduction of the
material as would ensue, would offer greater advan-
tages than the obvious defects that would be con-
nected with it. On the basis of the examinations made
by me I take it for granted that the analyses of sca-
les, if made with requisite care, also in the case of the
older age-groups, offer so valuable a means of deter-
mination of age that it must be considered unneces-
sary exclusively to make it on the basis of the relati-
vely small number of serviceable otoliths. It is, how-
ever, inevitable that the various determinations of
age involve greater or smaller errors, which in the
case of the present material seem to fall within a
maximum range of 4 2 years. In this connexion the
ascertainment of the exact age of the individual silver
eels is of less interest than the ascertainment of the
average age at their seaward migration, which is ob-
tained by adding the result of the readings of the
scales to the ascertained average difference between
the readings of scales and otoliths in the material
examined on the basis of both. As mentioned above,
this difference in the case of the Esrum Lake material
amounts to 3.3 years. I have, however, instead of 3.3
years everywhere added 3 years to the readings of
scales, partly because it is impractical to work with
fractions, partly because in this way my results are
more easily compared with the results obtained by



previous authors on the basis of examinations of
scales. It cannot, however, be explained away that
the use of such an average factor in the case of the
youngest year-classes will involve that the age may
i)e given somewhat too high and in the case of the
older age-groups t00 low. In order to introduce a cor-
rection for the individual age-groups it would, how-
ever, be necessary to be in possession of a much greater
material of otoliths than the one at my disposal. So
my determinations of age must be considered with
the consequent proviso. /

Out of consideration to the comparability of the
older material with the material from 194850 I have
based all the determinations of age in what follows
on the scales only, using the examinations of otoliths
exclusively for control.

3. Results of Annual Examinations
of the Length, Weight, and Age of Silver Eels
in Esrum Lake.

Control samples of silver eels have been taken annu-
ally for the purpose of ascertaining whether the eel
population of the lake is constantly in a reasonable
relation to its productivity. It would seem possible
to answer this question by annual examinations of
the length, weight, and age of the silver eels, provided
that the control samples are suffieiently large and
cover a sufficiently long series of years, the latter
factor depending on the question how long the eels
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normally stay in the lake before becoming silvery and
migrating seawards.

The question how large the various samples ought
t0 be in order that they may be considered represen-
tative, must depend partly on the normal distribu-
tion of the silver eels according to length and partly
on the magnitude of the generally occurring individual
differences of growth in the eel population. As appears
from fig. 2, the majority of the silver eels are distri-
buted within a range of about 20 cm, which, of course,
causes the representation of the various length groups
in the control samples to be slight, as they generally
consist of about 30 eels only. Thus fortuity at the
sampling of the silver eels may come to be expressive
of the occurrence of a shifting in their average distri-
bution according to length and weight which in reality
does not exist. In this connexion it is just as unfor-
tunate that the eel within the same biotope exhibits
very considerable individual differences in growth.
Thus it is not unusual within 3 cm groups in the
various control samples to find age variations of the
order of magnitude of 4—6 years. It is certain that
individual difference in age of this magnitude can
strongly influence the mean values calculated for the
various control samples, the extremes of which (cf.
Table 8) are respectively 10.8 and 12.3 years. In order
to reduce these sources of error to some degree I have
furthermore made calculations of the mean values for
length, weight, and age for 3 (2) year periods (Table9).

If we first consider the mean lengths given in the

TABLE 8.
Esrum Lake. Mean values for length, weight and age of silver eels from the annual control samples.

Bsrum sg. Middelverdier for lengde, veegt og alder af blankal fra de arlige kontrolprever.

Year Mean length  Mean weight
Ar Middellengde  Middelvagt
cm =4
I BT o e 4 (S C 7 0 P € 58.0 352.6
BOBB... ..o oo vrr o s 567 6558 5 935 5 58.0 348.6
19895 o5 v v o s sy e - o 57.5 343.3
AN : iy oo s w0 v s ssims emssn o 58.8 374.2
OB o von sumss snm s svste pomevs s o 59.9 389.1
VAR o e 2 o n s vio BB E 48 5 57.6 338.3
1214 (AP 65.2 306.4
1944, .. o 56.0 312.8
TOAE . o v iaE BeE EEE E va s R S 58.0 353.5
BOAG s s g s o s = swae s & 54.7 285.8
AT s csvairorm o s syom siis @ st sieps o 56.2 327.1
1948, ... .o 55.0 302.7
1989 - o v 5 vss vl wEs 3 B e 8 55.9 303.1
LT R b5.6 306.2

G

Mean age Standard deviation Mean error Number

ennemsnitsalder of age of age of specimens
Years Standardafvigelse Middelfejl Antal
Ar pi alderen pa alderen individer
11.6 -+ 1.15 4+ 0.21 30
11.6 T 110 0.2t 27
11.4 1 1.52 1 0.29 28
1.4 I+ 1.32 £ 0.23 32
115 T 1.34 T 0.24 30
11.3 -+ 1.58 -+ 0.29 29
11,0 1118 1 0.23 26
11.0 1161 1 0.32 2
11.2 2+ 1.40 0.2 31
14.7 +1.35 -+ 0.25 29
12,3 4-1.356 -+ 0.25 29
11.6 +1.16 -+ 0.22 27
116 T 1.27 £ 047 54
10.8 118 1 0.22 29
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TazsrLE 9.
Esrum Lake. Mean values for length, weight, and age of silver eels and length/weight coefficient for
tri-(bi-)ennial _‘_tr:alculation periods.

Esrum sp. Middelverdier for blankélenes lengde, vegt og alder samt lengde/vaegt koefficienten for 3-(2-)arige beregningsperioder.

= = = [
g 2 = 2 &

W .E ;6,0 et T‘E ‘E ?D E E -3 E
£8 5 g 4 B g E £, s %8, SE
= g o.a 52 2 = D & &g o 5B o Ec kg e B3
5 8®ER S_g55 g £ c.35 S 5338 &3l

: E5, BBt Euc: g3 5§25 ERES 555 Pei B3

= =55 Swss  SEER S5 3 & %S wE 283 3858« =2%%
1937—39... 57.8  +£245 4025 348.2 11.5 +1.27 4044 180 85
1940—42. .. 58.7 -+ 3.67 -+ 0.38 369.1 11.4 -+ 1.42 4+ 0.15 183 91
1943—45... 565  + 440 -+ 0.49 326.1 11.1 +1.98 4022 181 82
1946—48... 553 1333 £ 0.36 317.0 11.8 +132 1044 187 85
1949—50... 55.7 402  +0.44 304.2 1.4 1129  F 044 176 83

latter table, it will be seen that these show a tendency mean lengths seems statistically significant, it is not
towards a decrease during the period of the investiga- possible (cf. the remarks above) exclusively from the
tions. Regardless of the fact that this decrease of the numerical material underlying the calculation of

dof

0r

7937-50

Number of specimens
5
S
I

70

'—'-.,_,__"
\7/9 f 1 7\ ’1\ N P P l\l 1 1

92 4“? ‘% 48 .50 52 5‘f 56 53 60 62 64' 66 68 70 72 74 76 78 80 82 &4 &6 88 90 92
Length in cm

Fig. 2. Esrum Lake. Range of length of the silver eels in the total material of investigation (1937—50) and at a measurement
of some of the silver eels kept in well boxes in the lake in 1948.

Esrum se. Blankilenes lengdefordeling i det samlede undersogelsesmateriale (1937—50) og ved en i 1948 foretaget
miling af nogle af 'de i hyttefade i seen opbevarede blankil.
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these mean values, to decide with certainty whether
the population of silver eels as a whole has been sub-
jected to such changes as regards the distributionsac-
cording to length. In this connexion it would be very
desirable if simultaneous more comprehensive mea-
surements to illustrate the distribution of the silver
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eels according to length in the annual catches had been
available. For want of a more exact expression of the
presence of possible changes of this kind in the popu-
lation of silver eels, it may be tried to approach to
an answering of the question by a different road.
647 of the silver eels kept in well boxes in the lake
were measured in the autumn of 1948 in order to give
an impression of the general distribution according to
length in the catches of silver eels. The result of these
measurements is rendered graphically in fig. 2 together
with the corresponding curve for the total of 426 eels
which constitute the whole material examined. Tt

16

appears partly from the curves and partly from the
average lengths calculated, which for the 647 eels
from 1948 was 55.9 em and for the whole material
examined 56.9 cm, that there is no good agreement
between the two curves. If, furthermore, we disregard
the large eels (> 68 cm), which are represented in

Fig. 4. Esrum Lake. Mean length and average age of the silver
eels - 3 times the mean error for 3-(2-)year calculation periods.
The mean values plotted in relation to the mean values for
length and age (56.9 cm and 11.4 years) calculated for the
total material. (The intervals on the ordinates are chosen
accidentally and have no mutual relation apart from the two
mean values mentioned.)
- mean length 4 3 times the mean error.
x average age - 3 times the mean error.

x

*

Esrum se. Blankilenes middellengde og gennemsnitsalder + 3 gange
middelfejlen for 3-(2-)irige beregningsperioder. Middelvardierne ind-
lagt i forhold til de for det samlede materiale beregnede middelvaerdier
for lengde og alder (56,9 cm og 11,4 ir). (Intervallerne pd ordinaterne
er tilfeldigt valgt og har ingen indbyrdes relation bortset fra de navnte
< to middelvardier,)
Middellengde + 3 gange middelfejlen.
x Gennemsnitsalder 4 3 gange middelfejlen.

larger numbers among the 647 eels from 1948 than
in the material under investigation (on the reason
for this see p. b), the mean values become 54.6 and
56.7 em, respectively. Furthermore it will be seen
that there is rather a good agreement between the
mean value found at the more comprehensive mea-
surements in 1948 and the corresponding value from
the control material of the same year, the latter,
which exclusively consisted of eels below a total length
of 68 em, having a mean length of 55.0 cm. The dis-
agreement between the two curves, considering the
rather considerable extent of the whole material under



Esrum s@.

Length-groups 3 cm

#-em ];_pngdwruppf‘l‘ 46 49 52 55 58
Years — ar
7-39...... 11.0(1) 11.3(6) 10.8(29) 1
1820;42 ...... » . 96(7) 11.3(19) 11.
1943—45. . . <.t 9.00(1) 9.7(3) 10.3(13) 11.1(29) 11.
1946—48. .. ... 11.3(3) 11.1(21) 11.8(37) 11.
1949—50. . . . .- 10.0(3) 10.7(18) 11.3(32) 1.

investigation, can hardly be explained except on the
assumption that within the period of the investiga-
tions, there has been an actual reduction of the size
of the silver eels in the lake.

An important clue to the estimate of this question
is the practical experiences of the fishermen during
the years. The present lessee of the fishery has stated
that the usual size of silver eels, when in 1932 he came
to the lake as assistant to the lessee of that time,
weighed about 15—16 Danish pounds® a score, while
the weight today is only 12—13 pounds a score. Dur-
ing the period from 1932 to 1939 when the present
lessee took over the fishery, the fishing for yellow eels
(cf. Table 11 and fig. 3) was practised extremely inten-
sively, reaching a level which presumably to a con-
siderable degree exceeded the normal productivity of
the lake. Indeed the result was that the steep increase
in yield was followed by an equally steep fall. When
in 1939 the lease passed into other hands, it was there-
fore urgent that the population of yellow eels should
be spared while at the same time regular transplanta-
tions of small fry were made. Today the lake as a con-
sequence of these meagsures has a very considerable
population of yellow eels of all sizes, and it will be
natural to explain the actual reduction of the size
of the silver eels from the lenient form in which the
fishing for yellow eels has been practised during a
number of years and the considerable addition to the
eel population through the regular transplantations
of small fry. In a later section there will be an oppor-
tunity to discuss this question in more detail. In this
place it will be sufficient to state that—as indicated
by the mean values calculated—an actual reduction
of the size of the silver eels in the lake has taken place
Within the period of investigation.

As appears from Table 9 (cf. fig. 4), the reduction

' 1 Danish pound = % kg,

1.7(24)
4(24)
3(22)
9(16)
7(19)
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Tasre 10.

Esrum Lake. Average age of 3-em length-groups for tri(bi-)ennial calculation periods 1937—50.
Number of fish examined indicated in parenthesis.

3-cm lengdegruppernes gennemsnitsalder for 3-(2-)arige beregningsperioder 1937—50.
Antallet af undersogte fisk i parentes.

61 64 67 70 73 76 79
12.4(14) 12.2(9) 11.5(2) ..

12.0(30) 12.0(6) 11.0(4) 11.0(1) ..
11.6(8) 12.7(3) 10.0(1) 10.0(1) .. 16.0(1)
3.0(7) .. . .. 12.001) ..
12.4(8) 11.5(2) . 16.0(1)

of the mean length of the control samples has not been
accompanied by a corresponding reduction of the
average age as the smaller silver eels, constituting the
material from 1946—48 and 1949—50, are not younger
than the larger silver eels constituting the material
from 1937—39 and 1940—42.

As a matter of fact, this is only what might be ex-
pected, as the reduction of the length of the silver eels
must be interpreted as a function of deteriorating
conditions of nutrition to the population as a whole
and a consequent decrease in the rate of growth. The
latter is not, as might be supposed, reflected in an
increase in the average age of the eels within the
various length groups (ef. Table 10), but exclusively in
the condition characteristic of the silver eels that the
length groups within rather wide limits show insigni-
ficant variations in age only (ef. further Table 13).
An increase in the relative share of the smaller and
more slowly growing eels in the population of silver
eels therefore alone seems to condition the differences
characterizing the relation between the length and
age of the silver eels within the calculation periods.
In other words, what has happened is this: a larger
number of the eels than was the case at the beginning
of the period under investigation, have been stunted
in their growth.

Besides by changes in the length and age of the
silver eels, changes in the conditions of nutrition
might be supposed to appear in positive or nega-
tive shiftings of the length- weight coefficient

108 x w :
here calculated from k& = ) unless the size

of this factor is expressive of a condition necessary
for the commencement of the silveriness (see p. 24).
The variations to which & (cf. Table 9) 1s subjected,
however, are rather ingignificant and of an accidental
character. They do not give any information of value
for the elucidation of the question.



18

Tasre 11.
Esrum Lake. Reported catch in kg 1901—1950.
Bsrum Sg;. Fiskeriudbytte i kg 1901—1950.

Eel — Al

Ygar The eel trap s Pike Perch Bream Roach Tench Blegk
b Klekistan “Shen Total Gedde Aborre + Brasen Skalle Suder Laje

4901, - ;5 5 4.025 750 4.775 250 50 500

1902« .« ¢ ss . 750 e 500 50 ..

1903........ 6.125 750 6.875 625 250 700

1904........ 3.625 300 3.925 210 150 500

1905 & 5 sun s 5.935 400 6.335 450 200 600

1906 . i w s 3.500 . i T 50 T ..

1907........ 3.025 .. e 50 5 g ‘5 .

19085 « . wos 5 3.250 7.650 10.900 279 3.647 99 7.220

1909 - o was on 2.725 5.545 8.270 600 5.450 6.525 37.600

1910........ 3.775 6.195 9.970 535 7.843 26.370 42,844

191, ....... 3.025 6.272 9.297 588 3.610 14.000 8.500

150 2 [ 4.400 4,250 8.650 625 3.060 577 16.026 s s

1943 o vioe © o 4.100 4487 8.587 1.536 4.486 485 5.488 - 2.220

1914........ 5.270 .. - 20 wa P o .. ..

T015 ¢ soves 9 5.587 - .. 43 175 . - s 1.500

1 25 1 G A 8.370 8 i 50 260 50 100 i s

197, ....... 7.529 561 8.090 272 135 55 160

T8 . an o 7.940 - .. - i - s

AEL L0 IP—— 8.934 o o 1.679 1.323 3.234 5.231

oL 8.884 g i . ..

1924........ 5.639 o - - s . 5 ..

1922w v 5 6.554 334 6.888 1.186 167 100 3.864 14

1928 . « « v + 5.906 4 (3 ¢ .. .. .. g

1924........ 6.570 1.120 7.690 657 5 4.860 19.352

199555 5 & am ¢ 5.188 .. .. .. 5 ia o

1926« » = s s 6.916 1.600 8.516 682 260 4.610 7.210

1927 « o & v s 5.888 4.500 10.388 146 50 . . ..

1928........ 4.880 3.615 8.495 684 45 12.225 18.310 35

1929C - ¢ sava s 4.494 1.836 6.330 925 600 12.525 12.670 s

1930 « « wics 55 7.200 2.180 9.380 980 1.025 .. 4.130 78

1931........ 3.450 5.800 9.250 740 359 4.840 i . 215

1932 = ¢ sen 2 4.633 15.000 19.633 1.350 1.280 ‘s 7.000 125

1933 < . o 2.489 16.000 18.489 1.850 2.600 .. 2.500 200

1934........ 6.202 14.000 20.202 2.700 5.000 600 6.000 250

1935........ 9.358 20.700 30.058 2.800 9.200 60 2.400 50

1986 - v ¢ 2 6.189 14.200 20.389 3.100 5.000 170 280 150

(O 1 4.600 11.900 16.500 1.820 4.070 109 4,830 351

1938........ 4.072 11.900 15.972 1.670 5.850 170 5.700 400

1939 oo v 4,051 9.673 13.724 1.293 3.538 10 6.456 192

s L2 —— 2.129 10.473 12.602 1.234 1.448 139 2.215 223

1941........ 2.471 7.625 10.096 2115 1.286 619 10.912 175

TGA2 s ivons vinn 2.631 7.228 9.859 1.338 485 441 3.935 241

VOGS s s s 5.461 8.024 13.485 1.663 3.141 75 8.532 332

1944 ... ..... 1.853 8.779 10.632 2116 466 291 23.898 246

1945. . ...... 2.340 6.566 8.906 877 179 5 1.240 ..

1946 ;54 s + 1.569 6.625 8.184 431 417 - 3.665 10

1947 .. o <o _- 5.874 ‘5 1.163 1.843 377 15.930 101

1948, ....... .. 6.036 . 678 539 303 3.320 365

1949 5 o= i s 3.275 7.866 11.141 1.404 404 147 2.549 216

(T 1 T 3.400 7.302 10.702 1.615 3.635 53 3.038 99

Average catch — Middeludbytte 1926—&6: Total

kg a year: 4.422 8.963 13.385 1.453 2.205 1.756 6.280 156 25.235

kg pr. ar

kg per ha: 2.56 5.18 7.74 0.84 1.27 1.02 3.63 0.09 14.59



4, Remarks on the Fishery and Population
) of Fishes in Esrum Lake.

Esrum Lake has always been.considered a go.od
Jake for eels, both as regards the .yleld an:d the (:j[uahty
of the fish. The average annual yield of eéls during the

eriod 1926—46 (cf. Table 11) for which continuous
and complete statements of the catches from the lake
as well as the eel-trap at Esrum Mill are available,
amounted to a total of 13.385 kg, i.e. 7.74 kg per ha
out of a total annual yield by the fishery as a whole
during the same period of 25.235 kg (14.59 kg per ha).
As regards weight, the fishing for eels thus yielded 53

er cent. of the whole catch.

Both absolutely and in relation to the total yield
per ha a yield of this magnitude is high according to
Danish conditions, and as far as can be checked, no
fishing for eels in any other large Danish lake can
display a correspondingly high yield per ha.

In order, in the present case, to provide a reason-
able balance between the productivity of the lake and
the size of the population of eels, a regulation of the
population must be made through an adaptation of
the extent of the planting of fry hand in hand with
an intensification or reduction of the fishing for yellow
eels adapted to circumstances, and—not least—
through a fight against the eel’s competitors for food,
particularly bream and ruff.

The eel population is kept up partly through the
natural immigration of eel fry (mainly elvers) from
the Kattegat through the about 9 km long Esrum
canal and partly through transplantations of elvers
as well as small yellow eels. We have only exception-
ally any knowledge of the size of the natural immi-
gration as it is generally uncheckable. At Esrum Mill
there is, however, a particular device in which the
small fry of the eels is caught and the amount (weight)
is ehecked, after which it is put into the lake. In this
contrivance 250 kg was caught in 1950, which is main-
tained to correspond to an immigration above medium
size, and in 1951 an amount of 125 kg elvers, which
afmounts represent about one million and half a mil-
lion specimens, respectively. These figures, of course,
only indicate an order of magnitude, and their value
18 further diminished by the fact that part—perhaps
Palf—ﬂt)f the immigrating small fry is capable of pass-
Ing the dam unaided. On the basis of the available
information it can therefore only be estimated that
the magnitude of the natural immigration presum-
ably is between 1 and 2 million elvers a years.
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Through the years the natural immigration of small
fry has been supplemented with rather considerable
transplantations of elvers as well as small yellow eels

TasrLe 12,
Esrum Lake. Planting of elvers and small yellow eels.
Bsrum Se. Udsmtninger af glasal og s=iteal.
Elvers — Glasal Small yellow eels — Ssetteal

Number of
specimens
Antal stkr.

Number of
specimens
Antal stkr,

kg

.......... 3.250
SN 30.000
.......... o

1.500.000
1.500.000

L 30.000
g e o 160.000 -
.......... . 150.000
L 450 "
50.000
50.000

344
644
235
484
292
189
200

795.000
375.000

R 160.000
.......... o
85.000
145.000
960.000

1.823
2.198
390
bb8
734

.......... L.
275.000

L8l 120
(cf. Table 12). Since 1932 such transplantations have
been made every year, bul with varying amounts.
Unfortunately it is not possible to obtain a fairly
exact expression of the importance of these trans-
2*



plantations in relation to the natural immigration, in
the first place because the exact magnitude of the
latter is unknown, in the second plage because the
transplanted material is very heterogeneous.

The small yellow eels may vary considerably in
size from year to year, but as a rule they fall within
the order of magnitude of 150—300 specimens per
kg. There is no doubt that the small yellow eels are
considerably more valuable as planting material than
the elvers, partly because of the greater percentage
of their survival, and partly because they will reach
the silver stage earlier than the elvers. Therefore it
must be considered predominantly probable that
plantings of the order of magnitude in question yield
a very considerable addition to the natural immigra-
tion and thus may influence the size and conditions
of growth of the population considerably.

Besides by the size of the annual amount of fry these
factors may also be highly influenced by the amount
of competitors for food of the eel. Particularly the
bream and the ruff distinguish themselves in this
respect, as they are both predominantly attached to
the profundal zone and like the eel search for food
among the larvae of chironomids on the bottom.
Whereas the ruff to a certain extent serves as food
for the eel and therefore often by the fishermen
groundlessly is considered a useful fish in eel waters,
the bream because of its size and form on the whole
1s not exposed to the persecutions of the eels. As
furthermore it can only fetch a fraction of the price
with which the eel is paid, it should always in eel
waters be fought with every available means.

It does not seem to be connected with particularly
great difficulties to keep the population of bream
in Esrum Lake at a reasonable size. It appears
from Table 11 that only during two short periods
within the 50 years covered by the statistics, catches
of bream of any appreciable importance have been
made, and it seems that the population only slowly
makes up for the losses caused by occasional intense
fishing. Amongst other things this must be due to the
fact that the bream does not breed until it has reached
rather a considerable age and size, so that intense
fishing may greatly reduce the production of small fry
for a number of years. At any rate it must be con-
sidered a fact that today there is no great population
of bream in the lake as, if so, the catch of bream in
the eel-traps would not be so poor as it actually is.
Perhaps it will be sufficient, in order to keep the pop-
ulation down, that no bream caught should be put out
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again regardless of its size, as has been common prac-
tice during a number of years.

It has already been pointed out that the very
abrupt rise of the curve of the catches of eels which
started in 1931 and ended in 1935 (cf. fig. 3) is chiefly
due to very intensive fishing for yellow eels; but this
explanation hardly gives the whole truth. An inten-
sified fishing for yellow eels, if other conditions do not
exert any influence, to all appearance should result
in a reduction in the yield of the fishing for silver eels.
Whether this was the case, in so far as the fishing in
the lake is concerned, can only be estimated indirectly
from the catches of silver eels in the eel-trap at Esrum
Mill, as the size of the catches of silvers and yellow
eels has not been given separately for the lake. As
might be expected, the increased fishing in the lake
caused an immediate decrease in the catching of silver
eels in the eel-trap, but the fall was unexpectedly
interrupted by an intense increase in the catches in
the years 1934 and 1935, after which the yield de-
creased again in time with the decrease of the catches
in the lake. If the year 1935 is specially considered,
when the total catch in the lake and the eel-trap
amounted to about 30.000 kg, it must be considered
predominantly probable that the great yield of the
fishing for silver eels in the eel-trap was accompanied
by a correspondingly great yield of silver eels in the
lake, or in other words, that the amount of silver eels
in the lake was increasing considerably at the same
time as the fishing for yellow eels was practised very
intensively. Conditions can hardly be explained in
any way but by the presence of one or perhaps more
dominant year-classes becoming silvery within a
short term of years. This or these might originate
from a sudden increase in the amount of fry, either
due to an abnormally large natural increase, to one
or more particularly comprehensive plantings, to a
sudden improvement of conditions of nutrition, or to
all these factors together. In this connexion there is
special reason to note that in 1928 there was a rather
isolated very great planting comprising about
150.000 about 25 c¢m long yellow eels (from the Elbe).
According to ErrRENBAUM and MARUKAWA (1912) eels
from the Elbe of this size belong to the IV-group, and
as the majority of the eels in the lake become silvery
at the age of 10—13 years after the elver stage, it is
not improbable that this planting has a considerable
share in the increase of the seaward migration re-
corded in the middle of the thirties.

Both in the year when this planting took place and



B he following year & great inroad was made on the
eam population, & total of about 25.000 kg bream
oing fished in the lake ‘durmg the years 1928—29
Table 11). Therefore anr.oved condmc)ns_of nu-

tion were created in part mmultanem@ly with the
onsiderable planting of yellow eels, conditions v&lfh.ich
st be of appreciable importance for the obtaining
@1‘ an effective improvement of the population of eels
:E%'f,hrough planting of small eels.

Besides bream and rufl particularly the perch must
De considered a not inconsiderable inconvenience to a
rational fishing for eels, especially because it severely
%purr‘sues the elvers, thus influencing the amount of
fry, and also because it will appear as a competitor
for food to the eel, although to a less degree than
ruff and bream. Perch are very numerous in the lake,
" and the population would profitably stand a consid-
erably more intensive fishing than it is normally ex-
posed to. With the prices generally obtained, partic-
ularly of small perches, a special perch fishing, however,
is unprofitable. Consequently the yield mainly appears
only as a byproduct of other fishing. During the last
few years, however, a special perch fishing with otter
trawl has been practised out of the eel season as a
consequence of paying conditions in the export mar-
ket, and the yield has shown a not inconsiderable
inerease.

As mentioned above, the decrease in size of the sil-
ver eels shown in these investigations and through
the experiences of the practical fishery, should no
doubt be interpreted as being connected with the
very comprehensive transplantations of eels to the
lake. It is a well-known fact that the silver eels at a
sudden reduction of the population of eels—e.g. dur-
ing particularly hard winters—during the following
years are considerably larger than normally to the
‘Water in question. Tt does not seem possible to find
any reasonable explanation of this observation but
flﬁl-lat the decimation of the population of eels has
given better conditions of nutrition to the remaining
-:\g"els resulting not only in an increase of the rate of
8rowth, but also in an increased size of the eels at
ﬂle end of the stage of growth. Correspondingly a
;@EG.I'ease of the size of the silver eels should no doubt
be mterpreted as expressing a deterioration of condi-
_DHS of nutrition. Tn the present case the reason
.Eems rather a consequence of the considerable trans-
4 lantations and the lenient fishing for yellow eels than

fonsequence of the competition for food from the
Other species of fish.
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From an unpremeditated point of view it might
seem most profitable exclusively to practise the fish-
ing for eels in the form of fishing for silver eels, partly
because the eel is most easily fished during the sea-
ward migration and partly because the fish at this
stage is full-grown and its quality best. Apart from
the fact that a suitable regulation of the population
of eels may make it necessary to fish for yellow eels,
it is an economic question whether and to what ex-
tent fishing for yellow eels ought to be carried on. In
the first place the eels will fetch a materially higher
price during the fishing for yellow eels in the spring
and in the early summer when there are few or no
silver eels, and in the second place it must in the
present case be in the interest of the government as
well as the lessee that so great a part of the annual
yield of the population of eels as possible falls to the
share of the fishery in the lake, as long as the eel-
trap at Esrum Mill is privately owned. For these
reasons fishing in the lake for yellow eels to a suitable
extent can hardly be dispensed with.

According to the results of the present investiga-
tions it seems advisable to intensify the fishing for
yellow eels, also from the point of view that only the
results of an intensified fishing will be able to show
whether the form under which the fishing is now prac-
tised, secures an optimal utilization of the population
of eels. At present nearly equal numbers of yellow
and silver eels are fished, the greatest importance,
however, being attached to the fishing for silver eels.

An intensification of the fishing for yellow eels
ought of course to take place under continued due
supervision, which also ought to include regularly
recurrent measurements of the catches of silver eels
for the purpose of ascertaining how the fishing for
yellow eels influences the distribution of the silver
eels with respect to size.

Usually the natural immigration of elvers does not
take place until the month of June, and the maximum
seaward migration of silver eels occurs from the
middle of August to the middle of September, while
the migration in October as well as November is
slight.

In general the seaward migration in the spring is
slight, but variable according to conditions of the
weather. If there is early frost of a prolonged dura-
tion in the autumn, the migration of the silver eels'is
reduced or stops, and the spring migration in May
becomes greater than normal.

The great transplantations of small yellow eels



22

which mainly originate from localities in which the In Table 13 the whole material is divided into 3-cm
male eels are in a majority (e.g. Ringkebing Fjord groups, for which are indicated the mean age, its
and Roskilde Fjord) might be expected to have in- standard deviation and mean error, the magnitude
creased the percentage of males in the lake. This is, of individual variations in age (range), and number
indeed, the case, although it is far from being so to and mean weight. :
the extent suggested by the size of the transplan- The length of the eels varied between 47 and 80 em
tations. The question has not been made the object and their weight was within the interval 198 and
of any particularly exact investigation, but the fisher- 900 g with a mean value of 330.8 g. The earliest be-
men maintain that before the beginning of the re- ginning of the silver stage was after a stay in fresh-
gular plantings of small yellow eels there were practi- water for 8 years. The oldest silver eels have spent
cally no male silver eels in the lake. The share of the 16 years in the lake. The mean age at the seaward
male eels in the catches of silver eels is now estimated migration calculated for the total material is 11.4
to be about 2 per cent., the majority of which are years.
caught in the eel-trap at Esrum Mill. In this con- Table 14 shows the mean lengths calculated for the
nexion it is of interest to note that the results of the various age-groups, the range, the standard devia-
investigations made hitherto of the question of the tion and mean error of the average lengths, and the
sexual differentiation of the eel seem to corroborate corresponding mean weights.
that this may be influenced by external factors to a The mean age of 11.4 years at the seaward migra-
considerable extent (Rasmussenx 1951). tion just mentioned is obtained by the eels at a mean
length of 56.9 cm. It is conspicuous that the majority
of the eels (88 per cent.) belong to the age-groups
X—XIII, while relatively few individuals have be-
come silvery after more or fewer years’ stay in the
lake. The wide range expressed by the difference in
Whereas for use at the annual investigations one length between the largest and the smallest fish
might have wished for a considerably greater mate- belonging to the same age-group (see also fig. 5) is
rial, the aggregate material in its capacity as an av- characteristic of the eel, as mentioned above, and,
erage material collected during a prolonged term of as also noted by Frost (1945) in the case of her Lake
years constitutes an applicable basis for an estimate ~Windermere material, deprives the mean values cal-
of the question what properties in respect of length, culated of their practical applicability.
weight, and age generally characterize the silver eels It seems natural, at any rate in part, to connect
in Esrum Lake, and the question of the relation of the magnitude of the range with a difference in life
the population in these respects to the results obtained form between the biological types denoted as sharp-
by corresponding investigations from other bodies of nosed and broad-nosed eels.

5. Length, Weight, and Age
of the Silver Eels in Esrum Lake and Other
Bodies of Water.

water. These questions will be discussed in what fol- While the smaller silver eels mainly consist of
lows. sharp-nosed eels, the food of which chiefly is the
TasLe 13.

Esrum Lake. Age for length relationship of 3 em groups of silver eels 1937—50.
Esrum 8e. 3-cm lengdegruppernes gennemsnitsalder og, -veagt 1937—50.

Length groups 3 em 46 49 52 55 b8 61 64 67 70 73 76 79 All fish

3-cm lengdegrupper Samtlige fisk
Mean age in years. 9.0 10.4 10.7 14.3 11.6 12.2 12.2 11.0 105 12.0 .. 16.0 11.4
Gennemsnitsalder i ar

Range in years.... .. 913 814 8—16 9—15 10—16 10—14 9—14 10—11 .. 5 .. 8—16
Spredning i ir

Standard deviation .. +1.02 4147 +1.20 -1.34 +1.24 4091 L1.69 .. S 5% 24 +1.36
Standardafvigelse i

Mean error. . ... ... .. 4032 4015 0404+ -+0.43 +0.45 4+0.29 064 .. se s ee  S=QI07
Middelfejl

Mean weight. .. ... 227.0 232.4 2682 302.7 3342 389.0 435.2 506.9 571.5 512.0 .. 8465 330.8
Middelvaegt

Number of specimens 1 10 65 146 105 67 20 it 2 1 i1 2 426

Antal individer
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TasrLe 14,
Esrum Lake. Length for age relationship of silver eels 1937—50.
Esrum se. Aldegsgruppernes middellengde og -vaegt 1937—50.

Age groups VIII IX X X1 XI11 X111 XIv XV XVI Al fish
Aldersgrupper Samtlige fisk
Mean length in em.... 53.3 55.6 54.9 56.4 STl 58.2 58.6 59.3 69.0 56.9
Middellengde i cm
Range in cm.......... 51—56 47—66 49—71 50—70 51—72 50—64 53—64 57—61 56—80 47—80

Spredning i cm

Standard deviation. .. .. +206 441 £369 £3.46 4388 4341 +353 L 148 41024 -+ 4.00

Standardafvigelse

Mean eRroti.. s v +£119 4084 +043 4028 4039 039 088 4074 +512 4+0.19
Middelfejl :

Mean weight in g..... 296.0 3164 2970 3246 3408 3460 371.6 3448  611.0 330.8
Middelveegt i g

Number of specimens.. 3 24 75 134 101 65 16 4 4 426

Antal individer

chironomid larvae of the profundal zone, the large within the greater part of Frost's as well as my ma-
eels are exclusively broad-nosed eels, which in con- terial.
trast to the sharp-nosed ones to a greater extent are As regards determinations of age there has been a
connected with the shallower parts in and near the great lack of data for comparison, not only from other
litoral zone, and the food of which is chiefly small fish. Danish inland waters, but a lack also of such investi-
These two biological types are not sharply defined, gations of silver eels altogether. Thus GEMzo®’s paper
but are connected by more or less even transitions mentioned above has only to a very slight extent in-
(PErERSEN 1894, EnrENBAUM 1929, and SIVERTSEN spired Danish fishery biologists to inquire into the
1938). In Frost’s (1945) material the large silver eels age and growth of the eel. The available investiga-
(broad-nosed), which are more numerously represented tions of Danish eel populations, particularly of silver
in her material than in mine, seem to show a growth eels, are partly extremely sporadic and partly with-
deviating from that of the smaller silver eels (sharp- out exception based on so few data that they cannot
nosed), characterized by a faster growth in the former be considered population analyses proper. It is more
than in the latter. It may no doubt be considered unfortunate that these determinations of age, which
probable that corresponding, although smaller dif- have all been made exclusively on the basis of exa-
ferences in growth characterize the intermediate minations of scales, have been published without
forms. Because of the changes of the form of the head statement of methods or the size of the material of
accompanying the beginning of silveriness, such a scales on which the determinations of age were based
distinction between the two types, however, is not in each case (cf. p. 9). At any rate the result seems
practicable in the case of the silver eels except in the to have been that in most cases, particularly in the
case of the most characteristic extremes of the two case of older eels, the age has been estimated too low.
types. In the section on the eel fishery in Fiskeriet i Danmark
Frosr (1945) from corresponding observations of (1948) it is stated (vol. IT p. 546) that a few female
the wide range of length of the silver cels within the eels in Denmark become silvery already 5 years after
various age groups and the slight average growth the elver stage, and that female eels are rarely found
resulting from a prolonged stay in freshwater, has which have stayed here for more than 10 years. These
drawn the—as it seems—probable conclusion that the statements are not corroborated by the results of the
beginning of silveriness is not only a function of the age determinations made on silver eels from Esrum
age and length reached by the eel, but also must be Lake. As mentioned above, the average age for the
supposed to be conditioned by a physiological con- whole material from there has been calculated at
dition dependent on the length-weight relationship. 11.4 years. In this mean value, as in all other state-
She bases this theory i.a. on the results obtained by ments of age adduced here, no consideration has been
Bevuint (1907, 1910) from Italian eels reared in ex- given to the last, not yet concluded freshwater year,
perimental ponds. On an average they became silvery ~ which in reality denotes a completely finished period
after 4% years when at a length of 55.1—66.3 cm, of growth, since all silver eels examined originate from
which is in good agreement with the range of length  the months of September—November. A total of no
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TasLe 15.
Length for age relationship of female silver eels from various walers.

Aldersgruppernes middelleengde hos hunlige blankal fra forskellige vande.

e Sroup vi VI VII IX X  XI XI XIII XIV XV XVI XVII XVIII XIX XX
Locality j
Hsrum Lake 1937-601 . ... 533 55.6 54.9 56.4 57.7 58.2 58.6 59.3 69.0
L. (3) (24) (75) (134) (101) (65) (16) (&) ()
Gullmarfjord 19122 ... 445 53.3 50.0 540 59.0 57.8 626 635 .. .. ..
(Nompovis and ALw 1920) (1) (13) (20) (12) (6) (&) (5) ()
Trollhattan 19182 ........ .. .. 137 740 860 .. ..
(NORDQVIST and Arm 1920) . (3) (4) @ .
Bﬁrring‘esjdn 19191 ...... 8.0 659 70.0 72.3 78.0
(NORDQVIST and Arm 1920) 1y (6) (12) (10) (2)
Cumberland, Newby Bridge,

Windermere 1920 ... .. 47.8 bH0.5 53.7 556 61.9 64.0 85.0 73.0 38.0 83.0
(JusPERSEN 1926) ........ LU 39 @9 (A7 @ (B) @ () (1) (1)
T,ake Windermere3 . ... ... 52.9°55.3 57.7 b7.4 60.5 61.3 70.8 85.8 87.4 90.0 ..
(Frost 1945) ............ @ (29) (59) (&) (40) (13) (19 () (9) 3)

1 Age determination from scales (Aldersbeslemmelse efter skal).

some cases from scales (Overvejende blanke eller halvblanke. Aldersbestemmelse efler oresten; i nogle tilfelde efter skel).
{ion from scales and otoliths (Aldershestemmelse efler skeel og eresten).

less than 399 of the eels examined, or 93.7 per cent.,
belonged to the X-group or older groups, and no indi-
viduals younger than the VIII-group were found.

Among the neighbouring countries Germany, Swe-
den, and England are somewhat better off as regards
such investigations, although there, too, age deter-
minations have mainly been made on yellow eels.

The most comprehensive investigations of the age
and growth of the eel have been made by Marcus
(1919), who has determined the age of nearly 9000
eels from various German waters, but apparently this
work in the case of the female eels deals with yellow
eels only, and no German investigations seem to have
been published later which may serve to throw light
on the question under discussion.

Norpovist and ALm’s investigations (1920) of Swe-
dish eels i.a. include a small number of silver eels
from the Gullmar Fjord on the coast of the Skagerak
and from freshwater, caught at Trollhéttan and Bor-
ringesjén. Apart from the eels from the Gullmar
Fjord, the age of which is mainly determined on the
basis of the otoliths, the determinations of age are
exclusively made on the basis of analyses of scales.

From England there are partly a study on silver
eels from Cumberland (Newby Bridge, Windermere)
made by JesprerseEn (1926) and a later study by
Frosr (1945) on the age of silver eels from the Win-
dermere catchment area. Whereas JESPERSEN’S inves-
tigations are exclusively based on the scales, Frosr
for her determinations of age used both scales and
otoliths. The results from the waters mentioned above

* Mainly silvery or half-silvery., Age delermination from otolilhs; in
3 Age determina-

are listed in Table 15 together with the results of the
age determinations of silver eels in Esrum Lake made
by me. In the cases where the determinations of age
are not based on otoliths, the age is indicated as the
number of scale-rings +- 3.

Among the Swedish eels those from the Gullmar
Fjord seems to correspond quite well to the eels from
Esrum Lake, both as regards size and age, whereas
the eels from Trollhdttan and Bérringesjon show
greatly deviating conditions. This is probably con-
nected with the fact mentioned above, that the large
broad-nosed eels of which these samples mainly con-
sist have a relatively faster growth than the smaller,
sharp-nosed eels. On the whole these large eels are
characteristics of many Swedish inland waters and
their size and fast growth should presumably be con-
sidered expressive of the good conditions of growth
which these waters must be assumed to offer the eel,
being remote from the breeding places of the eel or
accessible with difficulty and hence poorly stocked.

In rate of growth the eels from Newby Bridge are
somewhat inferior to the eels of Esrum Lake and in
general they seem to be smaller than these at the
beginning of the silveriness. Presumably this fact
must be considered expressive of the validity of the
rule indicated above, that slow growth gives small
silver eels and fast growth gives large silver eels.

In this connexion Frost’s (1945) investigations
from Lake Windermere, however, are most interest-
ing, because the eels from there on several points
seem to display properties nearly identical to those
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TaBLE

16.

Age for length relationship of 3 em groups of female silver eels from Esrum Lake and Lake Windermere.

3 em lzngdegruppersies gennemsnitsalder i Bsrum so og Lake Windermere.

Length groups 3 em 46
3 cm lengdegrupper
[Mean age in years........... 9.0
- Gennemsnitsalder i ir
8 s
Esrum Lake ...\ Number of specimens. ....... 1
Antal individer
; ‘Mean age in years .......... 11.0
Lake Windermere | Gennemsnitsalder i ar
(Frost 1945) Number of specimens......... 1

l

of the eels from Esrum Lake. FrosT on the basis of
examinations of scales as well as otoliths determined
the age of a total of 240 female silver eels, which in
length range from 47 to 97 cm and in weight from 210
to 2040 g. Frost’s material is distinet from mine by
a more numerous representation of the large eels, a
fact which ought not to be considered as expressive
of a commoner occurrence of these in Lake Winder-
mere than in Esrum Lake, but which is mainly to
be ascribed to a certain subjectivity in the selection
of my material of large eels (cf. p. 5). Whereas eels
above 65 cm in length only constitute 2.8 per cent.
of my material, they represent 15.4 per cent. of the
Lake Windermere eels. This cannot, of course, help
influencing the calculated mean values to a certain
extent. While the average length of the eels from
Lake Windermere examined is 60.8 ¢cm, the corre-
sponding value for the eels of Esrum Lake is only
56.9 cm. If we make a corresponding calculation for
both lakes, leaving out all eels above 65cm, the
average lengths calculated become 57.1 and 56.5 cm,
respectively. As Frosrt states her measurements of
the large eels, which in this connexion presumably

Antal individer

49 52 55 58 61 64
10.4 10.7 11.3 11.6 12.2. 12.2
10 65 146 105 67 20
10.2 11.3 11.3 11.7 12.1 12.6
13 32 38 61 31 27

means all silver eels, at the nearest half centimetre,
whereas my measurements always refer to the lowest
whole centimetre, a positive correction of my values
of half a centimetre is necessary to obtain a direct
comparability. From this it appears that the average
lengths of the eels constituting the majority of the
silver eels in the two populations are actually identi-
cal. A comparison between the average lengths of the
age groups in the two lakes shows the presence of a
corresponding agreement. The high mean values in
Frost’s material from the XIV-group and upwards can
again be referred to the effect of the relatively more
numerous representation of the large, faster growing
eels in her material than in mine. The identity in con-
ditions of growth appear with still greater distinet-
ness from Table 16, in which the average ages of the
3-cm groups, including eels to a total length of 65 cm
inclusive, are given for the populations mentioned.

The results of these few investigations show the
presence of considerable differences, both as regards
the age of the eels and their size at the end of the
period of growth and the beginning of the silvery
stage.

Conclusion.

It 1s a general impression of the investigations of
the age of the silver eels in Esrum Lake reported here
as well as corresponding investigations reported from
other waters that the eel in a temperate climate is
a slowly growing fish, but that the rate of growth is
rather variable from place to place, dependent on the
conditions of nutrition prevalent in the various loca-
lities. The primary reason for the slow growth is no
doubt to be sought in the fact that the eel is the most

heat-loving of our useful fish, probably of all our fresh-
water fish. The consequence is that the period of
growth becomes of short duration and the growth much
poorer than e.g. in the Mediterranean area, where
the period of growth at any rate is interrupted only
by short intervals caused by cold in the consumption
of food.

The continued investigations of silver eels from
various Danish inland waters suggest the presence of



eel populations with better as well as poorer condi-
tions of growth than those in Esrum Lake. It will
not, however, be possible to establish whether the
growth of the eels and the size of the silver eels in

Esrum Lake can be considered characteristic of the
Danish inland waters until the treatment of material
collected has been finished.
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Dansk Resumeé.

Blankilenes storrelse og alder i Esrum se.

Indledning.

Esrum sp med et areal pi c. 1730 ha er Danmarks
naststarste so. Dens fysiografiske egenskaber er ind-
giende beskrevet af Bera (1938), hvorfor der her kun
skal fremhseves enkelte karakteristiske traek i dens
naturforhold.

Sgen er i lengderetningen, der forleber omtrent
nord-syd, c. 8 km og bredden 2—3 km. Maksimal-
dybden er 22 m, og c. halvdelen af arealet udgeres
af dybder fra 15 til 20 m, idet litoralzonen nzesten
overalt er meget smal (fig. 1). Gennemsnitsdybden

(12.3 m) er derfor ret betydelig i forhold til seens
areal. .
Nedbersomradet, der indbefattet ssen udger
78,5 km?, afgiver kun ubetydelige tillob. Aflebet, Es-
rum &, der udgar fra seens nordlige ende og udmunder
i Kattegat, passerer Esrum molle, til hvis drift vand-
kraften anvendes, og ved hvilken der findes alekiste.
Seen er eutrof, og iltforholdene fra overflade til
bund udviser betydelige, af arstiden praegede, varia-
tioner. BEras undersagelser viser sdledes, at iltmeet-
ningen i slutningen af sommerstagnationsperioden
under 15 meters dybde er mindre end 50 %/, og at



vandet i ¢. 20 meters dybde kan blive s& godt som ilt-
frit, et forhold som er af en vis fiskeribiologisk inter-
esse, idet det undertiden udelukker, at fiskene% en
periode af aret stationeert kan opholde sig ved bunden
pa op til halvdelen af det af sgen omfattede areal.
Bundfiskene er derfor i eftersommeren ofte henvist
til at fore en delvis pelagisk tilverelse (OTTERSTROM
1934).

Seens fiskebestand udgeres af felgende arter: &l,
gedde, aborre, hork, brasen, skalle, rudskalle, suder,
Igje og sekaruds.

For Esrum se som for samtlige andre storre danske
indsger, i hvilke der drives rationelt fiskeri, er &le-
bestandens starrelse og udnyttelse afgarende for fiske-
riets rentabilitet. I forhold til dlefiskeriet er fiskeriet
efter samtlige andre fiskearter derfor sekundeaert og
mé til dels betragtes enten som biprodukter ved
dette eller som led i foranstaltninger til dets fremme.

Alebestanden vedligeholdes dels gennem naturlig
indvandring af yngel og dels ved ret betydelige ind-
plantninger af yngel og smttedl (jvir. tabel 11).

1. Materiale.

Esrum se ejes af staten, og fiskeriforpagteren er
foruden gkonomiske og driftsmeessige forpligtelser pa-
lagt arlig at levere 30 blankal til Danmarks Fiskeri-
og Havundersegelser til alders- og vegtkontrol. Ma-
terialet til denne afhandling hidrerer overvejende fra
disse pligtleveringer og omfatter tidsrummet fra 1937
til 1950.

Kontroldlene er af hensyn til enskeligheden af i
hvert enkelt tilfeelde at tilvejebringe et materiale,
som skensmessigt kan betragtes som reprasentativt
for seens blankalsbestand, udtaget tilfeeldigt af fang-
sterne, og kun for s& vidt angér de store al, d.v.s. &l
fra ca. '/, kg og opefter, der kun udger 5—7 °/, af
fangsten, har et vist subjektivt sken ved udtagelsen
veaeret nedvendigt.

Foruden skalprover, der er udtaget pi samtlige
426 kontrolél, er der desuden taget eresten pd mate-
rialet fra 1948 til 1950, der ialt omfatter 110 blankal.

Samtlige kontroldl er hunner, idet hanélene er
vderst fatallige i swen.

2. Aldersbestemmelse.
a. Almindelig oversigt.

Den ferste, der paviste, at de koncentriske ringe,
der i mere eller mindre fuldstendig udvikling kan pa-
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vises i leskellet, er arringe, var danskeren Gemzox
(1907). Han mente desuden pd grundlag af male-
metoden at kunne fastsla, at de farste skaelanleg saed-
vanligvis dannes i det tredie ar efter indvandringen
som glasdl, nir &len almindeligvis er 17—18 cm lang.

Et vigtigt hjzlpemiddel ved bestemmelsen af fersk-
vandsélens alder fandt EHRENBAUM 0g MARUKAWA
(1913) i prestenene, der i modsatning til skellene an-
leegges allerede i det tidlige larvestadium. Glasalene,
der indvandrer om fordret, og som ifelge Joms.
Scumints undersogelser (1922) er c. 3 ar gamle, har
siledes allerede veludviklede gresten (jvir. Tavle I,
fig. 4).

Under gulalsstadiet udbygges orestenene med kon-
centriske ringdannelser, der i pafaldende lys frem-
treeder som skiftevis lyse og merke ringe, og som af
Enrensauvm og Marukawa pé grundlag af flerdrige
opvaekstforseg 1 akvarier med sikkerhed kunne iden-
tificeres som henholdsvis sommer- og vinterringe. Med
dette middel til en sikker aldersbestemmelse i haende
lod det sig derefter péavise, at dlene ikke, som af
Gemzor antaget, sedvanligvis anlegger skeel i det
tredie, men forst i det fjerde ar efter indvandringen
som glasal. D.v.s., at man skal addere det fundne
antal vekstzoner i skellene med 3 for at finde det
antal &r, dlene har tilbragt i ferskvand efter indvan-
dringen som glasal.

En rekke senere undersegelser (Marcus 1918,
Norpovist og Arm 1920, Tesca 1928 samt Frost
1945) bekrafter, at skeellene hos nordeuropziske al
1 almindelighed anlegges i det fjerde &r efter glasals-
stadiet, men at ikke alderen som sidan, men derimod
leengden, er bestemmende for, hvornar de forste skeel-
anleg opstir. Denne lengde pd 16—18 cm opnéar
dlene imidlertid seedvanligvis i det fjerde ar efter glas-
alsstadiet (jvir. tabel 1, 2, 3 og 4).

b. Egne undersggelser.
1. Skaelundersogelser.

Aldersbestemmelsen pad grundlag af skellene van-
skeliggores foruden ved usikkerheden med hensyn til
det alderstrin, ved hvilket den individuelle skeldan-
nelse indtreder, ved den kendsgerning, at skallene
selv 1 det omrdde over gatregionen, hvor de forste
skeelanleg opstér, ingenlunde alle fremviser det samme
antal tilvaekstzoner. Arsagen hertil ma som fremheevet
af Marcus (1919) tilskrives, at skzllenes vaekst hos
dlen mere end hos andre fisk er en funktion af den
almindelige overfladevakst, idet skallene ikke deaek-



ker hinanden, men ligger side om side 1 et parket-
agtigt menster. Da skeldannelsen siledes er begren-
set af de udvidelsesmuligheder, overfladevacksten be-
tinger, optreeder der hyppigt i skeellene — navnlig
hos darligt voksende &1 — ufuldstendige ringdannel-
ser, ligesom tilvaeksten hos nogle af skzllene af sam-
me grund nu og da helt kan udeblive et ar. Konse-
kvensen heraf bliver, at jo eldre dlen er, desto ferre
skel vil registrere den rette alder, d.v.s. fremvise et
antal ringe svarende til det antal ar, som alen har
levet efter anlegget af de forste skeel. Veerdien af
aldershesternmelser foretaget alene pa grundlag af
skallenes tilveekstzoner er derfor i meget hoj grad
betinget af, hvor skellene er udtaget, samt hvor stort
et antal skel, der ligger til grund for aldershestem-
melsen af de enkelte individer. Manglende oplysnin-
ger herom begrenser den veerdi, der kan tillegges en
reekke arbejder over ferskvandsélens alder og veekst.
Til grund for aldershestemmelserne i nervarende ar-
bejde ligger undersogelsen af sedvanligvis 20 og al-
drig under 15 skeel alt efter, hvor mange anvendelige
skal prgverne har indeholdt. Til belysning af den
rolle, aldershestemmelsens basering pd et passende
stort antal skel spiller, bringes tabel 5, der viser
variationer 1 antal af ringe 1 20 skel fra hver fisk 1
materialet fra 1946.

Man kan af ovenstéende udlede, at det ud fra det
kendskab, man har til aleskallenes opbygning, ma
anses for givet, at man ved aldersbestemmelse pa
grundlag af skzllene alene — uanset den omhu, hvor-
med undersggelserne igvrigt er foretaget — vil opnéa
resultater, der almindeligvis ligger mere eller mindre
1 underkanten af de virkelige tal, men at fejlen for-
mindskes jo flere skeel, der ligger til grund for de indi-
viduelle aldersbestemmelser.

Spargsmaélet bliver derfor, om man ikke helt burde
se bort fra skellene som et middel til aldersbestem-
melse, og 1 stedet udelukkende anvende grestenene.
Dette sporgsmal kan ikke besvares generelt. For de
mindre (yngre) als vedkommende kan der ikke vere
tvivl om, at man i de fleste tilfeelde opnar de sikreste
resultater ved undersegelse af grestenene frem for
skellene, og at man derfor s& vidt muligt ber basere
aldershestemmelserne pa ferstnevnte. For de storre
(zeldre) als vedkommende er grestenene imidlertid —
uanset slibning — som oftest af s8 ringe vaerdi som
middel til aldershestemmelse, dels pd grund af den
hyppighed, hvormed falske ringe optraeder, dels pa
grund af en almindeligt forekommende udviskning af
grenserne mellem de enkelte &rringe, ofte tilsyne-
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ladende fordrsaget af en meget kraftig kalkinkru-
stering, at de bliver mere eller mindre nanvendelige
til formalet.

Ved behandlingen af det foreliggende materiale har
jeg for sterstedelens vedkommende pa forhind veeret
afskaret fra at benytte srestenene til aldershestem-
melse, idet kun skalpreverne forefandtes. For at be-
demme veerdien af de pa det oprindelige materiale
alene pé grundlag af skellene foretagne aldersbe-
stemmelser har jeg derfor desuden undersegt ore-
stenene 1 materialet fra 1948, 49 og 50 omfattende
ialt 110 individer.

2. Urestensundersagelser.

Efter slibning af grestenene fremtreder central-
feltet 1 pafaldende lys som en merk, klar kerne om-
givet af en hvid ring, uden om hvilken der atter folger
en smal, klar zone (jvir. tavle I, fig. 4). Denne del af
grestenen, der forefindes hos de indvandrende glasal,
kan henferes til larvestadiet og medregnes ikke ved
bestemmelsen af dlens alder, der angives ved det antal
ar, fisken har levet efter indvandringen som glasél.
Efter larvezonerne folger skiftevis bredere, hvide, lys-
reflekterende sommerzoner og smallere, merke, lys-
absorberende vinterzoner dannet under gulalsstadiet.

Som nevnt bliver usikkerheden ved aldersbestem-
melserne storre, jo ldre fiskene er. Orestenene bliver
efterhanden vanskeligere eller umulige at tyde, og
feerre og feerre skeel registrerer det rigtige antal til-
vaekstzoner, iser hvor de hidrgrer fra en bestand med
darlige veekstforhold. Resultatet bliver, at differen-
sen mellem arestenenes og skellenes tilvaekstzoner
viser tilbajelighed til at eges, jo eldre aldersgruppe
fisken tilherer, og des mere jo ringere bestandens
veekstforhold er. I tabel 6 er angivet eksempler herpé
hentet fra Marcus (1919) samt fra NorpqQvisT og
Avm (1920).

Vanskeligheden ved selv efter slibning at gennem-
fore en sikker aldersbestemmelse af de @®ldre al pa
grundlag af grestenene har medfert, at kun en mindre
procentdel af erestenene fra mit materiale fra Esrum
so har ladet sig anvende til sammenligning med de
pa grundlag af skelundersggelserne opnaede resulta-
ter. Ialt har siledes omtrent */; af erestenene vist sig
uanvendelige, hvorved kun 38 al har kunnet alders-
bestemmes sikkert pé erestenene alene. Forskellen
mellem skal- og @restensaflesningerne hos disse 38
al fremgar af tabel 7.

Den af Marcus (1919) og NorpgvisT og Arw (1920)



paviste tendens til ggning af differensen mellem skeel-
og orestensaflaesningerne med tiltagende alder synes
siledes ogsd til en vis grad at gere sig geldende for
mit materiale, omend forskellen mellem mine skel-
og grestensafleesninger, nér man tager alenes hojere
alder i betragtning, er en del mindre end de af de
nevnte forfattere fundne differenser.

Materialets talmeessige svaghed tillader ingen sikre
slutninger ud fra de for de enkelte aldersgrupper be-
regnede middelveerdier for forskellen mellem antallet
af ringe i skel og eresten. Da materialet imidlertid
savel ved dets leengdefordeling som ved dennes mid-
delveerdi (55.1 em) og den pa grundlag af skeelunder-
sogelserne beregnede gennemsnitsalder (11.3 ar) giver
et tilforladeligt udsnit af det samlede materiale (jvfr.
pag. 34 samt tabel 13 og 14), ma den for samtlige
aldersgrupper beregnede middelveerdi (3.3) for for-
skellen mellem antallet af ringe i skl og otolither
ogsd antages at veere tilnermet gyldig for det sam-
lede undersggelsesmateriale. Det kan imidlertid ikke
undgds, at de enkelte aldersbestemmelser bliver be-
haeftede med storre eller mindre fejl, der for det fore-
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liggende materiale synes at ligge inden for et maksi-.

malt udsving pa ca. 4 2 ar. Sterre interesse end at
fastsla de enkelte blankals nejagtige alder har det
imidlertid i denne forbindelse at konstatere den gen-
nemsnitlige udvandringsalder, som fremkommer ved
til resultatet af skeelafleesningerne at addere den kon-
staterede gennemsnitsforskel mellem skal- og are-
stensaflesningerne pa det pa grundlag af begge under-
segte materiale. Denne differens udger som nevnt pa
* Esrum se materialet 3.3 &r. Jeg har imidlertid til
skeelaflesningerne i1 stedet for 3.3 overalt adderet 3
ar, dels fordi det er upraktisk at manevrere med
brudte tal, dels fordi mine resultater derved lettere
lader sig sammenligne med de af tidligere forfattere
pé grundlag af skaslunderspgelser opnéede resultater.
Det lader sig imidlertid ikke bortforklare, at anven-
delsen af en sddan gennemsnitsfaktor for de yngste
drganges vedkommende vil medfere, at alderen mulig-
vis angives noget for hajt og for de sldre aldersgrup-
pers vedkommende for lavt. For at kunne indfere en
korrektion for de enkelte aldersgrupper, métte man
imidlertid veere i besiddelse af et langt sterre grestens-
materiale end det, der har stdet til min disposition,
og mine aldersbestemmelser méa derfor betragtes med
det deraf felgende forhehold.

Af hensyn til sammenligneligheden mellem det
@ldre materiale og materialet fra 1948—50 har jeg
baseret samtlige 1 det falgende anferte aldersbestem-

melser péd skellene alene, siledes at jeg udelukkende
har anvendt erestensundersegelserne til kontrol af
de pad grundlag af sksllene foretagne aldersbestem-
melser.

2. Resultaterne af de arlige
undersggelser over blankalenes lzngde, vaegt
0og alder i Esrum sa.

Hensigten med de arligt udtagne kontrolpraver af
blankal har veeret at soge konstateret, hvorvidt seens
alebestand til stadighed stér i et rimeligt forhold til
dens produktionsevne. Dette spergsmél skulle det
veere muligt at besvare ud fra arligt tilbagevendende
undersogelser over blankalenes leengde, vaegt og alder.

Som fig. 2 viser, fordeler hovedparten af blankAalene
sig inden for et spredningsfelt pa ca. 20 em, hvilket
nedvendigvis ma medfere, at de enkelte lengdegrup-
pers reprasentation i kontrolprgverne, der sedvan-
ligvis kun bestér af ca. 30 al, ma blive svag, hvorved
tilfeeldigheder ved blankalenes udtagelse vil kunne
give udtryk for forekomsten af forskydninger i deres
gennemsnitlige leengde- og veegtfordeling, som méske
ikke reelt er til stede. Lige s& uheldigt er det i denne
forbindelse, at alen inden for samme biotop udviser
meget betydelige individuelle vakstforskelle. Det er
séledes ikke ualmindeligt inden for 3 em-grupper i de
enkelte kontrolprover at finde aldersvariationer af
storrelsesordenen 4—=6 ar. Det er givet, at individu-
elle aldersforskelle af denne storrelse kan influere
steerkt pa de for de enkelte kontrolprever beregnede
middelverdier, hvis yderpunkter (jvfr. tabel 8) er
henholdsvis 10, 8 og 12,3 &r. For i nogen grad at redu-
cere disse fejlkilder har jeg yderligere foretaget bereg-
ninger af middelvaerdierne for lengde, veegt og alder
tor 3-(2-) arige perioder (tabel 9).

Betragter vi forst de i sidstnwevnte tabel anforte
middellzengder, vil man se, at disse viser en tendens
til aftagen inden for det af undersegelsen omfattede
tidsrum. Uanset at denne aftagen af middelleengderne
synes statistisk veldefineret kan man (jvir. de oven-
for anferte bemerkninger) ikke alene ud fra det tal-
materiale, der ligger til grund for beregningen af disse
middelvardier, med sikkerhed afgere, hvorvidt blank-
dlsbestanden som helhed har vearet underkastet sa-
danne @ndringer, hvad lengdefordelingen angér. Det
ville 1 denne forbindelse have veret meget anskeligt,
om man til sammenligning havde vearet i besiddelse
af samtidige mere omfattende mélinger til belysning
af blankélenes lengdefordeling i de &rlige fangster.



[ mangel af et mere eksakt u.dtryk-for ti]stedevmrelsen
af pyentuelle sddanne eendringer i blankélsbestanden
ma man forsgge at nerme sig spergsmalets besva-
relse ad anden vej.

Tor at fa et indtryk af den almindelige leengdeforde-
ling 1 blankalsfangsterne maltes i efterdret 1948 647
af dei hyttefade 1 sgen opbevarede blank4l. Resulta-
tet af disse mélinger er i kurveform gengivet pa fig. 3
sammen med den tilsvarende kurve for det samlede
undersﬁgelsesmateriale. Det fremgér dels af kurverne
og dels af de beregnede gennemsnitslengder, der for
de 647 &1 fra 1948 udgjorde 55.9 cm og for det samlede
undersogelsesmateriale 56.9 cm, at en god overens-
stemmelse mellem de to kurver ikke er til stede. Ser
man yderligere bort fra de store &l (68 cm), der er
staerkere reprasenteret i de 647 &l fra 1948 end 1 un-
dersogelsesmaterialet (om &rsagen hertil se pag. 28),
bliver middelvaerdierne henholdsvis 54.6 og 56.7 cm.
Det vil endvidere ses, at der er ret, god overensstem-
melse mellem den ved de mere omfattende mélinger
i 1948 fundne middelverdi og den tilsvarende fra
samme &rs kontrolmateriale, idet sidstnevnte, der
udelukkende bestod af 4l under 68 cm totallengde,
havde en middellengde p& 55.0 cm. Alt i alt kan
uoverenstemmelsen mellem de to kurver, ndr man
tager det samlede undersogelsesmateriales ret bety-
delige omfang i betragtning, nzppe forklares pa anden
méade end, at der inden for den periode, undersegel-
sen omfatter, er sket en reel formindskelse af blank-
dlenes storrelse i spen.

Et vigtigt holdepunkt for bedemmelsen af dette
sporgsmal afgiver ogsd de af fiskeriets udevere gen-
nem &rene gjorte rent praktiske erfaringer. Den nu-
veerende fiskeriforpagter har séledes oplyst, at den
almindelige storrelse blankal, da han i 1932 kom til
soen som medhjelper for den daverende forpagter,
vejede ca. 15>—16 pund snesen, medens vagten 1 dag
kun er 12—13 pund snesen. I tidsrummet fra 1932
og indtil 1939, da den nuverende forpagter overtog
fiskeriet, blev gulalsfiskeriet (jvir. tabel 11 og fig. 3)
drevet overordentlig intensivt og ndede op pa et
niveau, der formentlig i vesentlig grad har overste-
get spens normale afkastningsevne. Resultatet ude-
blev da heller ikke, idet der efter den bratte stigning
i udbyttet fulgte et neesten lige si brat fald. Da for-
pagtningen i 1939 gik over p4 andre hender, var det
derfor en bydende ngdvendighed at skane bestanden
af guldl samtidig med, at der foretoges regelmessige
yngelindplantninger. I dag har seen som folge af
disse foranstaltninger en meget betydelig bestand af
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gulal i alle storrelser, og det vil vaere naturligt at stille
den faktiske nedgang i blankéalenes storrelse i relation
til den skinsomme form, hvorunder guldlsfiskeriet
gennem en arraekke har varet drevet, og det betyde-
lige tilskud, som fornyelsen af alebestanden har faet
gennem de regelmassige yngelindplantninger. Der vil
i det felgende afsnit blive lejlighed til at komme neer-
mere ind pa dette spergsmal, hvorfor det forelebig
mé vere tilstreekkeligt at konstatere, at der, som
ogsd de beregnede middelverdier antyder, er sket en
reel formindskelse af blankalenes storrelse i sgen inden
for det af underspgelsen omfattede tidsrum.

Den konstaterede formindskelse af kontrolprever-
nes middellzengde er, som det vil ses af tabel 9, jvIr.
fig. 4, ikke ledsaget af en tilsvarende formindskelse af
gennemsnitsalderen, idet de mindre blankal, som ud-
gor materialet fra 1946—48 og 1949—50, ikke er
yngre end de storre blankal, der udger materialet fra
1937—39 og 1940—42.

Dette er for sd vidt kun, hvad man pé forhdnd
matte forvente, idet formindskelsen af blankélenes
leengde mé veere at opfatte som en funktion af for-
ringede ernwringsbetingelser for bestanden som hel-
hed og deraf fslgende formindskelse af tilveeksthastig-
heden. Denne giver sig imidlertid ikke, som man kunne
formode, udtryk i form af en forogelse af &lenes gen-
nemsnitsalder inden for de enkelte lengdegrupper
(jvfr. tabel 10), men udelukkende gennem det for
blankélene karakteristiske forhold, at lengdegrup-
perne inden for ret vide greenser kun viser ubetyde-
lige aldersvariationer (jvir. ogsd tabel 13). En for-
agelse af de mindre og langsommere voksende dls rela-
tive andel i blankélsbestanden synes derfor alene at
betinge de forskelle, som karakteriserer forholdet mel-
lem blankélenes lengde og alder inden for beregnings-
perioderne. Der er med andre ord sket det, at en
storre del af alene, end tilfeeldet var ved undersogel-
sesperiodens begyndelse, er blevet forsat 1 vekst.

Foruden ved forandringer i blankalenes lengde og
alder kunne @ndringer i ernaringsbetingelserne teen-
kes at give sig udslag i positive eller negative forskyd-

ninger af lengde-veegt koefficienten |her beregnet

105 x v
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faktor er udtryk for en for blankhedens indtreden
nedvendig kondition (se pag. 35). De variationer, som
k (jvfr. tabel 9) er underkastet, er imidlertid ret ube-
tydelige og tilfeeldigt preegede og giver ikke oplys-

ninger af verdi for spergsméalets belysning.

efter k = ), medmindre sterrelsen af denne



4, Bemazrkninger vedresrende fiskeriet 'og
fiskebestanden.

Esrum sg har altid veeret betragtet som en god
dless, bade hvad angir afkastningens sterrelse og
dlenes kvalitet. Den gennemsnitlige, arlige afkast-
ning af &l har i perioden 1926—46 (jvir. tabel 11),
for hvilken der foreligger kontinuerlige og fuldsten-
dige opgerelser over fangstudbyttet fra sivel soen
som &lekisten, udgjort ialt 13.385 kg eller 7.73 kg pr.
ha af en samlet arlig afkastning af fiskeriet som helhed
i samme tidsrum pa 25.235 kg (14.59 kg pr. ha). [ hen-
seende til veegt har alefiskeriet sdledes udgjort 53 9/,
af den samlede fangst.

Bade absolut og i forhold til det samlede hektar-
udbytte er en afkastning af denne storrelse efter dan-
ske forhold haj, og si vidt det lader sig kontrollere,
kan Alefiskeriet 1 ingen anden sterre dansk se frem-
vise et tilsvarende hajt hektarudbytte.

For i det foreliggende tilfeelde at skabe en rimelig
balance mellem sgens produktionsevne og &lebestan-
dens sterrelse mé en regulering af alebestanden ske
gennem en tilpasning af yngelindplantningernes om-
tang hénd i hind med en efter forholdene afpasset
intensivering eller reduktion af guldlsfiskeriet, og ikke
mindst gennem en beksmpelse af dlens neringskon-
kurrenter, iser brasen og hork.

Alebestanden vedligeholdes dels gennem den natur-
lige indvandring af dleyngel (hovedsagelig glasél) dels
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gennem indplantninger af sivel glasil som settedl

af forskellig storrelse. Ved Esrum malle findes en seer-
lig fangstindretning, hvor den opvandrende aleyngel
optages og mengden (vegten) kontrolleres, hvorefter
yngelen udsettes 1 seen. I denne fangstindretning
fangedes 1 1950 250 kg, der hevdes at svare til en op-
gang over middelstorrelse, og i 1951 125 kg glasal,
hvilket repreesenterer henholdsvis ¢. 1 og 1/, million
stkr. Disse tal angiver naturligvis kun en sterrelses-
orden, og deres veerdi forringes ved det faktum, at en
del — maske c. halvdelen — af den indvandrende
yngel er i stand til ved egen hjelp at passere stemme-
veerket. Ud fra de foreliggende oplysninger kan man
derfor kun skenne, at storrelsen af den naturlige ind-
vandring antagelig ligger mellem 1 og 2 millioner
stkr. glasal arlig.

Den naturlige indvandring af yngel suppleres med
ret betydelige indplantninger af sével glasdl som
settedl (jvir. tabel 12). Siden 1932 er siddanne ind-
plantninger foretaget arlig, men i varierende maengde.
Desveerre er det ikke muligt at fa et nogenlunde eks-

akt udtryk for, hvad disse udssetninger betyder i for-
hold til den naturlige indvandring, for det farste
fordi dennes najagtige starrelse ikke er kendt, og for
det andet fordi indplantningsmaterialet er meget
heterogent.

Sattedlene kan variere betydeligt i sterrelsessam-
mensetning fra &r til &r, men ligger sedvanligvis
inden for sterrelsesordenen 150—300 stkr. pr. kg.
Der er ingen tvivl om, at sxetteélene er vaesentlig mere
veerdifulde som indplantningsmateriale end glasélene
dels pa grund af deres storre overlevelsesprocent, og
dels fordi de hurtigere vil na blankéalsstadiet. Det méa
derfor anses for overvejende sandsynligt, at indplant-
ninger af den storrelsesorden, som der her er tale om,
vder et meget betydeligt tilskud til den naturlige ind-
vandring, og derigennem kan influere veesentligt pa
bestandens sterrelse og veaekstforhold.

Disse taktorer kan foruden af yngeltiloangens ster-
relse ogsd 1 hoj grad pavirkes al meengden af neerings-
konkurrenter til &len. Som s&danne udmsrker sig
specielt brasen og hork, der begge aldeles overvejende
er knyttet til barbunden og ligesom &len hovedsagelig
lever af larver af dansemyg. Medens horken i en vis
udstreekning tjener til fode for alen, og derfor ofte
uberettiget af fiskerne anses for en gavnlig fisk i ale-
vande, er brasenen pd grund af sin sterrelse og krops-
form 1 det store og hele ikke udsat for alenes efter-
streebelser. Da den yderligere kun kan indbringe en
brekdel af den pris, hvormed &len betales, ber den
altid i Alevande bekempes med alle til rddighed sta-
ende midler.

Det synes ikke at veere forbundet med sewrlige van-
skeligheder at holde brasenbestanden i Esrum s@ nede
pa en rimelig starrelse. Som det vil fremga af tabel 11,
har der kun i to kortvarige perioder inden for de 50
ar, som statistikken omfatter, veret gjort brasen-
fangster af nogen sterre betydning, og -det synes,
som om bestanden kun langsomt overvinder de tab,
som et lejlighedsvis sterkt fiskeri forvolder. Arsagen
hertil ma bl. a. veere at finde 1 det forhold, at brasenen
ferst yngler, ndr den har ndet en ret betydelig alder
og storrelse, hvorved et kraftigt fiskeri for en arreekke
vil kunne reducere yngeltilleeget steerkt. Det ma i
hvert fald betragtes som en kendsgerning, at der i dag
ikke findes nogen stor brasenbestand i seen, idet der
i s& fald neppe ville fanges sa fa brasen i aleruserne,
som tilfeeldet er. Muligvis er det tilstreekkeligt til at
holde bestanden nede, at ingen fanget brasen, som
det gennem en arreekke har veeret praktiseret, gen-
udsaettes uanset starrelsen.



Det er allerede papeget, at den meget bratte stig-
ning i fangstkurven for al, der begyndte 1 1931 og af-
sluttedes 1 1935 (jvir. fig. 3), hovedsagelig skyldes et
meget intensivt fiskeri efter guldl; men denne forkla-
ring rummer neppe hele sandheden. Et intensiveret
gulalsfiskeri, skulle, safremt ikke andre ‘forhold ever
deres indflydelse, efter alt at demme resultere i en
nedgang i udbyttet af blankalsfiskeriet. Hvorvidt
dette har veeret tilfzeldet, for s& vidt angar fiskeriet
i soen, kan man kun indirekte skenne over ud fra
blankalsfangsterne 1 Aalekisten, idet steorrelsen af
blank- og guldlsfangsterne ikke er opgivet seerskilt
for seen. Som det kunne forventes, medferer det for-
sgede fiskeri i seen en gjeblikkelig nedgang i fangsten
af blankal i alekisten, men faldet afbrydes uventet
af en kraftig stigning 1 fangsten i drene 1934 og 1935,
hvorefter udbyttet igen aftager i takt med fangster-
nes aftagen i sgen. Betragter man specielt aret 1935,
hvor den samlede fangst 1 seen og dlekisten belab sig
til ca. 30.000 kg, mé& det skennes overvejende sand-
synligt, at det store udbytte af blankalsfiskeriet i
alekisten har veeret ledsaget af et tilsvarende stort
blankélsfiskeri 1 seen eller med andre ord, at meng-
den af blankél i sgen har veret i betydelig stigning
samtidig med, at guldlsfiskeriet er drevet meget inten-
sivt. Forholdet kan nappe forklares pa anden made
end ved tilstedeveerelsen af en eller maske flere domi-
nerende argange, der er blevet blanke inden for et
kort &remdl. Denne eller disse kan hidrere fra en
pludselig foregelse af yngeltilgangen enten hidrerende
fra en unormalt stor naturlig opgang eller fra en eller
flere swerlig omfattende udsatninger, eller den kan
skyldes en pludselig forbedring af ernsringsforhol-
dene eller samtlige disse faktorer i forening. Der er i
denne forbindelse speciel grund til at bemeerke, at der
1 1928 ret isoleret foretoges en meget stor indplant-
ning omfattende 150.000 stkr. ca. 25 cm lange seetteal
(fra Elben). Elb-al i denne storrelse tilhorer ifelge
Eurenaum og Maruxawa (1913) IV-gruppen, og
da hovedparten af dlene i sgen bliver blanke i1 en alder
af 10—13 ar efter glasalsstadiet, er det ikke usand-
synligt, at denne udsatning har en veesentlig andel
i den 1 midten af trediverne konstaterede foragelse af
blankalsudtraekket.

Savel samme &r, som denne udsetning skete, som
det efterfolgende blev der gjort et kraftigt indhug pa
brasenbestanden, idet der i drene 1928—29 tilsammen
fiskedes omtrent 25.000 kg brasen i sgen (jvir. tabel
11). Der er derfor til dels samtidig med den betydelige
udsetning af setted]l ogsd skabt forbedrede ernee-
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ringsbetingelser, som ma vere af vaesentlig betydning
for at opn& en effektiv forbedring af &lebestanden
gennem udsatning.

Foruden brasen og hork mé i serdeleshed ogsa
aborren betragtes som varende til ikke uvesentlig
ulempe for et rationelt alefiskeri, navnlig fordi den i
felelig grad efterstreeber glasilene, og derved influ-
erer pa yngeltilgangens storrelse, men ogsd fordi den,
omend i mindre grad end hork og brasen, kan optraede
som dlens neeringskonkurrent. Aborren er meget tal-
rig i seen, og bestanden kunne utvivlsomt med fordel
tale en veesentlig kraftigere befiskning, end den nor-
malt er udsat for. Med de priser, som ssdvanligvis
kan opnaes navnlig pa sma aborrer, er et specielt
aborrefisker: imidlertid urentabelt, hvorfor afkast-
ningen hovedsagelig kun fremkommer som biprodukt
ved andet fiskeri. I det sidste par ar har der dog som
folge af rentable afseetningsforhold pé eksportmarke-
det veeret drevet specielt ahorrefiskeri med skovlvod
uden for dles@sonen, og udbyttet har som falge heraf
vist en ikke uveesentlig stigning.

Den ved undersegelsen og gennem del praktiske
fiskeris erfaringer péviste aftagen 1 blankélens ster-
relse ma, som tidligere berart, utvivlsomt vere at op-
fatte som staende i forbindelse med de meget omfat-
tende indplantninger af al i seen. Det er en kendt sag,
at blankélene ved en pludselig formindskelse af &le-
bestanden — f.eks. 1 serlig strenge isvintre — 1 de
folgende &r er betydeligt storre end normalt for det
pag=ldende vand. Det synes ikke muligt at finde an-
den rimelig forklaring pa denne iagttagelse, end at
decimeringen af alebestanden har givet de resterende
al bedre erneeringsforhold resulterende ikke blot i en
forogelse al vieksthastigheden, men ogsé 1 en foreget
storrelse af alene ved veekststadiets afslutning. Pa
tilsvarende made méa en formindskelse af blankalene
uden tvivl veere at opfatte som udtryk for en forrin-
gelse al erneeringsforholdene. I det foreliggende til-
faelde synes arsagen hertil nermere at vere en folge
af de betydelige indplantninger og det skansomme
gulélsfiskeri end af den af de @vrige fiskearter paforte
nzringskonkurrence.

Det kunne umiddelbart synes mest fordelagtigt
udelukkende at drive alefiskeriet i form af blankals-
fiskeri, dels fordi dlen er lettest at fiske under udtrak-
ket, og dels fordi fisken pa dette stadium er udvokset
og kvaliteten bedst. Bortset fra, at en passende regu-
lering af alebestanden kan nadvendiggere fiskeri efter
guldl, er det et gkonomisk spergsmal, hvorvidt og i
hvilken udstrekning fiskeri efter gulal ber drives. For
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det forste opndr dlene en vesentlig bedre pris under
guldlsfiskeriet om fordret og forsommeren, hvor der
er fa eller ingen blankal, og for det andet mé det i de,\fg
foreliggende tilfwlde, sd lenge élekisten er i privat
besiddelse, veere i sivel statens som forpagterens
interesse, at sé stor en del af alebestandens arlige
afkastning som muligt tilfalder sefiskeriet. Af disse
grunde vil et guldlsfiskeri af passende omfang i seen
neppe kunne undveres.

Det synes efter de foreliggende undersagelsesresul-
tater tilrddeligt at intensivere gulélsfiskeriet ud fra
det synspunkt, at kun resultaterne af et intensiveret
fiskeri vil kunne vise, hvorvidt den form, hvorunder
fiskeriet nu drives, sikrer en optimal udnyttelse af
dlebestanden. For gjeblikket fiskes omtrent lige mange
guldl og blankal, idet dog hovedveegten ligger pa blank-
alsfiskeriet.

Enintensivering af gulalsfiskeriet bor naturligvis ske
under fortsat beherig kontrol, der ogsa ber omfatte re-
gelmassigt tilbagevendende malinger af blankélsfang-
sterne, med det formal at konstatere, hvorledes gulals-
fiskeriet indvirker pa blankalenes storrelsesfordeling.

Den naturlige indvandring af glasal finder seedvan-
ligvis ferst sted i juni maned, og det maksimale ud-
treek af blankal sker fra medio august til medio
september, medens savel oktober- som november-
udtrekket kun er ringe.

Forérsudtreekket er i almindelighed ringe, men
variabelt efter vejrforholdene. Hvis der kommer tid-
lig frost af leengere varighed om efteriret, reduceres
eller standser blankalsudtrekket, og fordrsudtrekket
1 maj bliver da sterre end normalt.

De store indplantninger af settedl, der hovedsage-
lig hidrerer fra lokaliteter, hvor handlene er i flertal
(f.eks. Ringkebing fjord og Roskilde fjord) kunne
forventes at have foreget hankensprocenten i seen.
Dette er ogsa tilfeeldet, omend ikke pa langt neer i den
udstrekning, som udsetningernes sterrelse lader for-
mode. Spergsmalet har ikke varet gjort til genstand
for mere eksakt undersogelse, men det praktiske fiske-
ris udevere haevder, at der, for de regelmassige ind-
plantninger af smttedl begyndte, i realiteten ikke
fandtes hanlige blankéal i sgen. Handlenes andel i
blankalsfangsterne anslés nu at vere c. 2 °/,, hvoraf
storsteparten fanges 1 &lekisten. Det er i denne for-
bindelse af interesse at bemerke, at resultaterne af
de hidtil foretagne undersegelser over spergsmaélet
om 4alens kensdifferentiering synes at bekrwefte, at
denne i betydelig udstraekning er pavirkelig af ydre
faktorer (Rasmussen 1951).
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5. Blankilenes lengde, vaegt og alder
i Esrum s¢ og andre vandomrader.

Medens man til brug for de érlige undersogelser
kunne have ensket et vasentlig storre materiale, ud-
gor det samlede materiale i dets egenskab af et gen-
nemsnitsmateriale over en lengere drrekke et anven-
deligt grundlag til bedemmelse af, hvilke egenskaber
med hensyn til leengde, veegt og alder, der i alminde-
lighed karakteriserer blankalene i Esrum so, og hvor-
ledes bestanden i disse henseender forholder sig til de
ved tilsvarende undersegelser fra andre vandomrader
opnéede resultater. Disse sporgsmal vil i det felgende
blive gjort til genstand for behandling.

I tabel 13 er det samlede materiale opdelt i 3-cm
grupper, for hvilke er angivet gennemsnitsalder, den-
nes standardafvigelse og middelfejl, storrelsen af in-
dividuelle aldersvariationer (spredningen) samt antal
og middelvagt.

Alenes lengde har varieret mellem 47 og 80 cm og
deres veegt har ligget inden for intervallet 198 og
900 g med en middelverdi pa 330,8 g. Blankalssta-
diet er tidligst indtradt efter et ferskvandsophold pa
8 &r, medens de eldste blankal har tilbragt 16 ar i
spen. Den for det samlede materiale beregnede gen-
nemsnitlige udvandringsalder er 11.4 ar.

[ tabel 14 er angivet de for de enkelte aldersgrup-
per beregnede middellzengder, spredningen, standard-
afvigelsen og middelfejlen pd middellengderne samt
de tilsvarende middelvagte.

Den foran navnte gennemsnitlige udvandrings-
alder p&d 11.4 &r opnar alene ved en middelleengde
pé 56.9 em. Det er igjnefaldende, at storstedelen af
dlene (88 °/;) tilherer aldersgrupperne X—XIII, me-
dens kun relativt fa individer er blevet blanke efter
flere eller feerre ars ophold i seen. Den store spredning
udtrykt ved forskellen i lengde mellem storste og
mindste fisk tilherende samme aldersgruppe (se ogsa
fig. 5) er som tidligere navnt karakteristisk for alen
og berover de beregnede middelverdier deres prak-
tiske anvendelighed.

Det synes rimeligt i hvert fald delvis at sette
spredningens storrelse i relation til forskelle i livs-
form mellem de som spidshovede og bredhovede &l
betegnede biologiske typer.

Medens de mindre blankél hovedsagelig udgeres af
spidshovede &l, hvis fode overvejende er barbundens
dansemyglarver, er de store &l udelukkende bred-
hovede, som i modsetning til de spidshovede &l i hoj-
ere grad er knyttet til de mere lavvandede partier i



og i nerheden af bredzonen, og hvis overvejende fade
or smafisk. Disse to biologiske typer er ikke skarpt
adskilte, men forbundet med mere eller mindre jeevne
overgange (PETERsEN, 1894, Emrenxsaum 1929 og
SrverTseEN 1938). Frost (1945) har papeget, at de
store blankal (bredhovede), der er stmrkere repree-
senteret i hendes materiale end i mit, synes at udvise
et fra de mindre blankal (spidshovede) afvigende
vakstbillede, karakteriseret ved en hurtigere tilvaekst
hos de ferstnevnte end hos de sidstnevnte, og det
ter vel anses for sandsynligt, at tilsvarende omend
mindre vakstlorskelle karakteriserer mellemfor-
merne. P& grund af de sendringer af hovedformen,
som ledsager blankhedens indtreden, er en sidan ad-
skillelse af de to typer imidlertid ikke praktisk gen-
nemferlie pa blankal, nar lige bortses fra typernes
mest karakteristiske yderpunkter.

Frost (1945) har ud fra tilsvarende iagttagelser
over sterrelsen af blankalenes leengdespredning inden
for de enkelte aldersgrupper og den ringe gennemsnit-
lige tilveekst, som er resultatet af et forleenget fersk-
vandsophold, draget den — forekommer det — sand-
synlige slutning, at blankhedens indtreeden ikke alene
er en funktion af den alder og lengde, len har op-
ndet, men tillige mé antages at vere betinget af en
af forholdet mellem lengde og vegt, d.v.s. af kon-
ditionen afhwengig fysiologisk tilstand. Denne teori
stotter hun bl.a. pi resultaterne af opvakstforseg
med italienske &l, der allerede blev blanke efter
41/, ars forleb og ved en lengde pd 55.1—66.3 em,
hvilket svarer ganske godt til lengdespredningen
inden for hovedparten af sivel Frosts som mit
materiale.

For sa vidt angir aldershestemmelserne, har det 1
hej grad skortet pad sammenligningsmateriale ikke
blot fra andre danske indvande, men pa sadanne un-
dersegelser af blankal i det hele taget. De undersagel-
ser, der foreligger over danske dlebestande og specielt
over blankal, er dels yderst sporadiske og bygger dels
uden undtagelse pa et alt for ringe materiale til, at
de kan betragtes som egentlige bestandsanalyser.
Uheldigere er det, at resultaterne af disse alders-
bestemmelser, der alle er foretaget udelukkende pa
grundlag af skelundersegelser, er anfert uden opgi-
velse af metodik eller omfanget af det skelmateriale,
der 1 hvert enkelt tilfeelde har ligget til grund for
aldershestemmelserne (jvir. pag. 29). Resultatet sy-
nes i hvert fald at veere blevet, at man i de fleste til-
faelde, navnlig hvor det drejer sig om eldre al, har
bedamt alderen for lavt. | afsnittet om Alefiskeriet i
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sFiskeriet 1 Danmark« (1948) angives (bd. II, pag.
546), at enkelte hundl hos os bliver blanke allerede
5 &r efter glasdlsstadiet, og at det er sjsldent at finde
hundl, der har veeret her mere end 10 &r. Disse angi-
velser finder ikke bekreaftelse gennem resultaterne
af de foretagne aldersbestemmelser pa blankél fra
Esrum sp. Gennemsnitsalderen for det samlede mate-
riale herfra er som allerede tidligere nevnt beregnet
til 11.4 ar, idet der i denne middelverdi ligesom ved
alle andre her anferte aldersangivelser ikke er taget
hensyn til det sidste endnu ikke afsluttede fersk-
vandsar, der i realiteten betegner en fuldt alsluttet
tilveekstperiode, eftersom samtlige underssgte blankal
hidrgrer fra méanederne september—november. Ialt
har ikke mindre end 399 af de undersogte al eller
93.7 °/, tilhert X-gruppen eller eldre aldersgrupper, og
der er ikke fundet individer yngre end VIII-gruppen.

Vender man sig mod nabolandene, viser det sig, at
Tyskland, Sverige og England er noget bedre stillet
med hensyn til sddanne undersegelser, omend man
ogsé her hovedsagelig har beskeeftiget sig med alders-
bestemmelser af gulal.

Den mest omfattende undersggelse over &lens alder
og veekst er foretaget af Marcus (1919), der har al-
dersbestemt naesten 9000 &l fra forskellige tyske vand-
omrader; men dette arbejde omhandler for hun-
alenes vedkommende, sa vidt det kan ses, udeluk-
kende gulal, og der synes ejheller siden fra tysk side
at vare publiceret resultater af undersegelser, der
kan tjene til belysning af det foreliggende spergsmal.

NorbqvisT og Arm’s undersggelser (1920) over
svenske 4l omfatter bl.a. et mindre antal blankal
fra Gullmarfjorden pa Skagerak-kysten samt fra fersk-
vand fanget ved Trolhidttan og i Borringesjon.

Fra England foreligger dels en undersogelse af
blankél fra Cumberland (Newby DBridge, Winder-
mere) foretaget af JuspERSEN (1926) samt en senere
af Frost (1945) udfert undersogelse over alderen hos
blankal fra Lake Windermere og tilstedende vand-
omrader.

Resultaterne af undersegelserne fra de her omhand-
lede vande er opfert i tabel 15 sammen med resulta-
terne af de af mig foretagne aldersbestemmelser af
blankal fra Esrum sa.

Af de svenske &l synes alene fra Gullmarfjorden,
bade hvad angér sterrelse og alder, at svare ganske
godt til alene fra Esrum sg, medens élene fra Troll-
hittan og Borringesjon viser et sterkt afvigende
vakstbillede. Dette hanger sandsynligvis sammen
med det allerede tidligere berarte forhold, at de store
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bredhovede al, hvoraf disse prover hovedsagelig ud-
gores, har en relativt hurtigere tilveekst end de mindre,
spidshovede al. Disse store al er i det hele taget karak-
teristiske for mange svenske indvande, og deres stor-
relse og hurtige tilveekst ma formentlig ses som ud-
tryk for de gode veekstvilkir, som disse fra 4lens
ynglepladser fjerntliggende eller vanskeligt tilgen-
gelige og derfor tyndt besatte vande ma formodes at
byde alen.

Alene fra Newby Bridge star i veeksthastighed en
del tilbage for Esrum sgs al, ligesom de i almindelig-
hed ved blankhedens indtreeden synes at vere mindre
end disse. Formentlig mé forholdet tages som udtryk
for gyldigheden af den tidligere antydede regel, at
dérlig veekst giver smé blankal og hurtig veekst store
blankal.

Mest interessant i denne forbindelse er imidlertid
Frost’s (1945) undersogelser fra Lake Windermere,
fordi alene herfra pa flere punkter synes at fremvise
nesten identiske egenskaber med Esrum sss Al
Frost har pa grundlag af savel skel- som srestens-
undersagelser aldersbestemt ialt 240 blanke hunal,
der i lengde spender fra 47 til 97 cm og i veegt fra
210 til 2040 g. Frost’s materiale adskiller sig fra mit
ved en sterkere repraesentation af de store al, et for-
hold som ikke ber tages som udtryk for en alminde-
ligere forekomst af disse i Lake Windermere end i
Esrum sg, men som hovedsagelig kan tilskrives en
vis subjektivitet ved valget af mit materiale af store
al (jvir. pag. 28). Ser vi bort fra samtlige il over 65
cm’s lengde i sdvel FrosT’'s som mit materiale og
foretager en korrektion for forskelle i l@ngdeangi-
velse, bliver de beregnede middelleengder, henholds-
vis 57.1 og 57.0 cm. Det vil heraf fremgd, at gennem-
snitslengderne pa de &l, som udger hovedparten af
blankélene i de to bestande, i realiteten er identiske.
En sammenligning af aldersgruppernes gennemsnits-
leengde for de to seer godtger tilstedeveerelsen af en
tilsvarende overensstemmelse. De hgje middelveer-
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dier 1 Frost’s materiale fra XIV-gruppen og opefter
kan igen henferes til virkningen af de store, hurtigere
voksende als relativt sterkere repraesentation i hen-
des materiale end i mit. Identiteten i vakstforhold
fremgér med endnu sterre tydelighed af tabel 16,
hvor 3-cm-gruppernes gennemsnitsalder, omfattende
al til og med 65 cm’s totallengde, er anfort for de
nzevnte bestande.

Resultaterne af disse fatallige undersogelser viser
saledes tilstedeverelsen af ret betydelige forskelle,
béde for si vidt angdr alenes alder som deres stor-
relse ved veiekstperiodens afslutning og blankhedens
indtraden.

Slutning.

Det almindelige indtryk af sivel de her refererede
undersggelser over blankalenes alder i Esrum so som
af tilsvarende undersggelser fra andre vandomrader
er, at alen i tempereret klima er en langsomt vok-
sende fisk, men at tilveeksthastigheden er ret varia-
bel fra sted til sted afhangig af de pa de forskellige
lokaliteter radende ernseringsforhold. Den primszre
drsag til den langsomme tilveekst mé ut¥ivlisomt veere
at sage i den kendsgerning, at dlen er den mest varme-
elskende af vore nyttefisk og sandsynligvis af samt-
lige vore naturligt forekommende ferskvandsfisk.
Herat felger, at vakstperioden bliver kortvarig og
tilvaeksten langt ringere end f. eks. i Middelhavs-
omradet, hvor veekstperioden i hvert fald kun er af-
brudt af kortere af kulde forirsagede pauser i fode-
optagelsen.

De fortsatte undersggelser over blankal fra forskel-
lige danske indvande antyder tilstedevzerelsen af ale-
bestande med sével bedre som ringere vakstforhold
end i Esrum sg; men forst nir det indsamlede mate-
riale er feerdighehandlet, vil det veere muligt at fast-
sl&, hvorvidt &lenes vaekst og blankélenes storrelse i
Esrum se kan betragtes som karakteristisk for dan-
ske indvande.

Plate I.

Otoliths of female silver eels from Esrum Lake.
@resten af blanke hunil fra Esrum se.

Fig. 1.
Fig. 2.
Fig. 3.
Fig. 4.

53 cm, 264 g. Group X.
53 cm, 260 g. Group XI.
55 cm, 260 g. Group XII.
55 cm, 320 g. Group XIII.

L indicates the larval stage of the otolith.

L angiver srestenens larvestadium.






Transplantﬁtion of Plaice from the Coast of Jutland to
the Doggerbank in the Years 1932-1938.

By Erix URrsIx

By experimental transplantations carried out in the
years 1903—1912 and 1920—1924 GarsTANG, Bor-
LEY and others showed that the conditions of growth
are more favourable on Doggerbank than elsewhere
in the North Sea. The International Council for the
Exploration of the Sea therefore appointed a sub-
committee to find out whether it would be remunera-
tive to transplant Plaice from the Horns Reef area to
the Doggerbank. At a meeting in Lowestoft in 1930
the committée came to the result that a large-scale
transplantation would be remunerative. The dele-
gates from the countries interested in North Sea
fishery were requested therefore to inquire whether
their respective governments would give financial sup-
port to large-scale experimental transplantations.

Since necessary support from the different govern-
ments was not obtained the matter was dropped.
Denmark continued however the experiments, and in
the years 1932—38 marked Plaice were transplanted
by the “Dana” from the Horns Reef area to the Dog-
gerbank. The purpose was, among other things, to
study the growth of the Plaice on the Doggerbank
and the migrations in the area. The outbreak of the
second world war however stopped these experiments,
but the work was resumed after the war when the
decline of the fishery for Plaice began to show. In
1949 and 1950 about 125.000 kg and about 70.000 kg
small Plaice resp. were transported to the Dogger-
bank. The results of the commercial transplantations
will be published later on. These grand-scale experi-
ments differ so much from the preliminary experi-
ments in 1932—38 that it seems reasonable to give
an account of the results obtained from the 1932—38
experiments in a separate publication.

The experiments were started by Professor Dr.
Jonannes Scamint. After Prof. Scamint’s death in
1933 Dr. A. Veper TAninG continued these re-

searches. Preliminary surveys of the results obtained
were published by Dr. Tinine (1934, 1935).
Material. The Plaice used in the transplantation
experiments were caught by well-cutters off the Jut-
land coast between Sylt and Horns Reef. They were
transported to Esbjerg where after storage in 1—8
days in well-boxes in the harbour they were taken
onboard the Danish research vessel “Dana’’. The posi-
tions of liberation on the Doggerbank are shown in
fig. 1. The following number of Plaice was transported
on deck in basins with running water: 394 in May
1932, 500 in July 1933, 341 in April 1934, and 300
in April 1938. In April 1934 286 Plaice in addition
were transported in wooden boxes on the deck of
the “Dana”. The boxes were placed in two piles
with seven boxes in each. On top of each pile
was a box with ice. The boxes were covered with
moistened stramin and a tarpaulin, protecting the
fish against draughts. 154 of the Plaice transported
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Fig. 1. Positions of liberation of marked Plaice 1932—38.
The figures are the last figure of the year of liberation.
o Transplantation experiments. x Local marking experiments.

Udsaettelsesteder for merkede Redspetter 1932—38.
tionsforseg. x Lokale Mmrkningsforsag.
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TasLE 1.

Number and percentage of fish recaptured.

Local Dogger

b 3 Transplantation exp.

3 . < Bank exp.
Year of exp............ 1932 1933 1934 1938 1932—38 1932—33
No. released............ 394 500 473 300 1667 303

°fo of *fo of

Recapture. .. .......... no. %, mo. %, mo. %, mo. ° 88 Yy worea B9 howg san
ist 3 months.......... 17 43 18 36 64 135 14 47 113 6.7 382 113 37.3 665
1st 6 months.......... 18 46 30 6.0 101 21.4 37 123 18 112 628 120 396 70.6
Ist year')............. 19 48 64 128 107 226 47 157 237 142 80.0 147 485 8656
sl - 1 03% 16 3.7%) 21 572 10 4.0% 48 3.4%) 16.2 19 12.2%) 11.2
3rd year.............. 3 07 3 07 6 04 2.0 2 156 12
4th year.............. 4 1.0 1 03 b 04 AT 1 07 06
Year of rec. unknown... .. - .. .. . .. . .. = -t . 1 03 06
Total recapture ........ 20 54 87 17.4 132 27.9 57 19.0 296 17.8 100.0 170 56.1 100.0

1 1 year = 360 days.

in boxes were purchased separately from a cutter and
gave no recaptures, though they were transported
together with the rest of the Plaice. These Plaice
were possibly debilitated before embarkation. Apart
from the Plaice in this unsuccessful experiment which
is not included in the tabulations altogether 1667
specimens were transplanted in 1932—38. When
liberated they had a length of 22—31 cm (average
26 cm). In the experiments of 1933 the VI-group
plaice predominated, in the 1934-experiments the
V-group, and in the 1938-experiments the III- and
IV-groups.

In 1932, 1933, and 1934 moreover 491 Plaice were
marked which were captured and released off the
coast between Sylt and Horns Reef (23—30 em, aver-
age 26 cm). In 1932 and 1933 altogether 303 speci-
mens were marked (24—50 cm, average 34 cm),
which were captured and liberated on the Dogger-
bank. The purpose of these experiments was to make
it possible to compare the recovery percentage,
growth ete. in transplanted and non-transplanted
Plaice.

The Danish black ebonite buttons fastened with

*) Calculated after subtraction of the number recaptured during the previous year.

asilver wire between the radials of the dorsal fin were
used in all the experiments.

Recapture percentage. Table 1 shows the recapture
percentage in the transplantation experiments and
in the local Doggerbank experiments. It is about 3
times as large in the local marking experiments as in
the transplantation experiments.

It might have been expected that a long transport
in rainy and windy weather was one of the causes
why the recapture percentage was so low in the
transplantation experiments. Table 2, however, shows
that there is no indication in this respect.

Nor is there any clear correlation between the recap-
ture percentage and the mode of transportation (con-
veyance in wooden boxes or in tanks of running
water): In the experiments of 1934 33 9/, of the Plaice
transported in tanks were recovered. The recapture
percentage varied from 25 to 43. In the two experi-
ments in which the Plaice were transported in wooden
boxes 10 °/, and 38 9/, resp. were recaptured, 17 9/,
on an average. This percentage is considerably smaller
than the recovery percentage in the other experi-
ments of 1934, but the recovery is not noticeably

TaBLE 2.
Rate of recapture of Plaice transplanted under different conditions 1932—38.

Conditions
Transplanted in April—May

No. released Percentage recaptured

Transplanted in July
Wind at time of liberation Beaufort Force 2 or less
Wind at time of liberation Beaufort Force 3 or more................
Wind during transport Beaufort Force 2 or less
Wind during transport Beaufort Force 3 or more
Duration of transport below 24 hours
Duration of transport above 24 hours

.............. 1167 18

500 17

................ 1194 15

473 24

.................... 878 13
................... 789 23
1034 16

633 21
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centage of the total number of recovered Plaice. It will
be seen that in the local Doggerbank experiments
about two thirds of the recoveries were received dur-
ing the first three months alter release, while in the
transplantation experiments only about one third of
the recaptures was received in this period. This is
probably due to the fact that a great proportion of
the recovered Plaice was taken with' the commonly
used large-meshed Danish seine which is not suitable
for fishing Plaice which are much smaller than 30 c¢m.
The comparatively small Plaice transplanted have
had little chance of heing recaptured immediately
after release. This is an advantage since it is impor-
tant that the transplanted Plaice are allowed to grow
before they are recaptured. The small possibility of

below the average recovery percentage in the trans-
plantation experiments of 1932—38, which was 18 ¢/, ;
it varied from 6 °/; to 43 °/y in the individual experi-
ments.

The Plaice could stay for a short time in a tank
without suffering any injury. In one of the local Dog-
gerbank experiments the Plaice were stored for about
ten hours in a tank before they were marked. 130
marked Plaice were liberated and of these 105 were
recovered (81 /).

The Plaice from the local marking experiments
were recovered more quickly than the transplanted
specimens. This is obvious from table 1 in which the
number of fish recovered in the course of the first

three months, six months, etc., is calculated in per-
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Fig. 2. Growth in length. 4 & B: Transplantations from the Jutland coast in 1904—23 and 1932—38 respectively. C: Trans-
plantations from the coasts of England, Holland, and Jutland in 1904—09. Length at release 25—29 cm. D: Local marking
experiments off the Jutland coast in 1929—32. See text pp. 40—42.

Leengdetilvaekst. A & B: Transplantationer fra Horns Rev i henholdsvis 1904—23 og 193238, C: Transplantationer fra Kysterne af England,
Holland og Jylland i 1904—09_(26—29 cm ved Udsettelsen). D: Lokale Mazrkninger i Horns Rev Omraadet 1929—39,



recovery of the smallest length groups just after the
release results in a smaller total recovery percentage
in the transplantation eXperiments than in the local
marking experiments on the Doggerbank, since there
is a certain mortality among the Plaice which is not due
to fishery. This mortality results in a decrease of their
number before the transplanted Plaice have grown so
large that they do not pass through the meshes.

In the transplantation experiments in 1938 no
Plaice were recovered later than in the second year
after release. The cause is probably that the fishery
in the Doggerbank area became less intensive after
the outbreak of the second world war.

The English experiments carried out in 1904—09
with transplantation of Plaice from the English,
Duteh and Danish coasts to the Doggerbank gave an
average recovery percentage of 17 in the first year of
liberty (BorLEY 1916, appendix 2, p. 116). In the
individual experiments the recovery percentage var-
ied from 3 to 38 in the first year of liberty. The Dan-
ish experiments in 1932—38 gave a recovery percent-
age of 14 in the first year varying from 4 to 33 °/,
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(experiments with less than 50 Plaice liberated are
not included in the calculation). The Danish experi-
ments in this respect therefore do not differ in any
essential degree from the English expenments at the
beginning of the century. :

Growth. Fig. 2 shows the increase in ]ength of the
Plaice from the transplantation experiments in 1932
—38 recovered in the first two years of liberty. The
curve (B) is rather uneven, but it looks as if the
growth in the first year was about 11 ecm and in
the 2nd year about 4 cm. The rate of growth in
the first year of liberty of Plaice which in the Eng-
lish experiments were transplanted from the Jutland
coast to the Doggerbank is also shown in fig. 2 (A).
In the Danish experiments the rate of growth is cal-
culated per month of 30 days. In the English experi-
ments calculations were made per calender month.
Therefore the points of the two curves are displaced
half a month. It is obvious that the growth is larger
in the English experiments than in the Danish ones,
especially in the autumn months in the year of libe-
ration.

28
Jutland Coast £xp.
-—-- Release
241
201
24 1
Transplantation Exp. 76 1
201
121
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S a2 Release
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Recapture 54 32
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Length (cm!

Fig. 3. Percentage length distribution of Plaice. Experiments in 1932—38. See textl p. 41.

Leengdefordeling ved Maerkning og Genfangst. Transplantationer og (overst til heojre) lokale Merkninger i Horns Rev Omraadetl.




Borrry (1916 p. 122) gives a survey of the growth
from month to month in Plaice from the transplan-
tation expriments in 1904—09. It appears that Plaice
transplanted in May had a more rapid growth than
those transplanted in April. In addition, Plaice whose
length was 25—29 cm when released, showed a
smaller growth rate than those which were only 15—
24 cm long when liberated.

The majority of the recaptured Plaice from the
Danish marking experiments were liberated in April,
some in July and a few in May. The Danish experi-
ments therefore can best be compared with the Eng-
lish April experiments. The length of the recovered
Plaice when released was 26.3 cm on an average in
the Danish marking experiments. This figure is very
near the average length for the 25—29 em group in
the English experiments. (Since this group represents
the upper end of a length distribution curve, the
average i1s supposed to be nearer to 25 e¢m than to
29 em.)

Fig. 2 C shows the increase in length in Plaice
which were 25-—29 ¢m long when released, and which
were transplanted from the English, Dutch and Dan-
ish coasts to the Doggerbank in April 1904—09.
There is good agreement between the growth in these
Plaice and in those from the Danish experiments (fig.
2 B). It has been shown (BorLeY and THURSBY-PEL-
mam 1924 p. 57) that Plaice transplanted from the
Danish coast to the Doggerbank had a somewhat
quicker growth than Plaice transplanted from the
Dutch coast. The growth rate shown in fig. 2 C there-
fore is a little less than would have been the case if
marking experiments from the Danish coast only had
been included. On the other hand, the number of Plaice
released on Tail End was comparatively greater in the
Danish experiments than in the English ones. In this
part of the Doggerbank the amount of growth seems
to be a little smaller than elsewhere on the Bank. This
was found to be the case in the English experiments
(BorLEY 1912 p. 4), and seems to be confirmed by the
results obtained in the Danish experiments.

It looks as if the growth rate in transplanted Plaice
released on the Doggerbank is almost the same in the
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two series of experiments carried out in 1904—09 and
1932—38 respectively.

Hickring (1938 p. 51) gives a table of the average
growth by quarters after releage of Plaice marked in
1929—32 near the coast of Jutland (fig. 2 D). Tt will
be seen that the amount of growth in the Plaice within
this area is much smaller than in the transplanted fish.
The amount of growth off the coast of Jutland was
about 4 cm in the first year of liberty and about 3 cm
in the second year. In the second year after libera-
tion the growth rate in the English experiments at
the coast of Jutland highly approximates the growth
in the second year in the Danish transplantation ex-
periments (4em). This must be due to the fact that
the transplanted Plaice in the course of one year at-
tained a size at which the increase in length is con-
siderably reduced.

In the Danish transplantation experiments in 1932
—38 the length of the recaptured Plaice when libe-
rated was 26.3 ecm on an average. The average length
of the same fish when recaptured was 32.4 cm. The
increment was thus 6.1 em. The corresponding figures
in the Danish local marking experiments off the Jut-
land coast were 26.8, 27.1 and 0.3 cm. The extremely
small amount of growth in the Jutland coast experi-
ments is due to the the slow growth in the coastal area
indicated in fig. 2 D and to a very rapid recapture
of the marked fish. The average number of days in sea
between marking and recapture was 47 in the Danish
Jutland coast experiments as against 199 in the trans-
plantation experiments.

The combined effect of the two factors, growth and
rate of recapture, is shown in fig. 3 for the marking
experiments off Jutland in 1932—34 and for the trans-
plantation experiments in 1932—38. The figure shows
the percentage frequency of the different length groups
(1 cm groups) at the time of liberation and recapture.
The curves of length at release comprise only the fish
which were recovered. In the coastal experiments there
was hardly any difference in the length distribution
at the time of marking and recapture, while the dif-
ference was significant in the transplantation experi-
ments.

TaBLE 3.
Recaptures according to nationality of fishing vessels.

Transplantation exp. 1932—8
Local Doggerbank exp. 1932—3

Percentage recaptured by vessels from

Total
no. Tec. Denmark Gr. Britain Holland
296 74 23 3
170 84 2 5



TABLE 4.
Recapture and growth in relation to length at release. Transplantation experiments 1932—38.

Length at No Recaptures during first
release m]_eas.e(i 3 months 6 months vear
cm no. s no. s no. *fa

31.5 1

30.5 1 e e e
29.5 26 % {19 3 (11.5) 4 (15.4)
28.5 129 20 155 26 201 29 225
27.5 248 29 11.6 48 19.4 57 23.0
26.5 293 23 7.8 37 12.6 46 15.7
25.5 395 26 6.1 35 89 48 12.2
24.5 465 15 34 33 74 50 10.8
23.5 102 o or 3 29 6 5.9
22.5 7 5 Gl PG i

Recaptures according to nationality of fishing vessels.
By far the majority of recaptures of Plaice from the
Danish Doggerbank experiments were made by Dan-
ish fishermen (table 3).

The share of the recaptures of the British vessels
was twice as large in the transplantation experiments
as in the local Doggerbank experiments. The cause
of this is not known. The share of the trawlers in the
recapture of small Plaice was not larger than that of
the cutters using the Danish seine.

BorLEY and TrursBY-PrruamM (1925 p. 60) gave
a survey of the share of the different nations in the
recoveries from the English transplantation experi-
ments to the Doggerbank in 1903—24. In all these
years the share of the British vessels was about 90 ¢/,.
Before World War I no transplanted Plaice were re-
captured by Danish fishermen, although there are
898 recoveries from the experiments in 1903—12. Of
385 recovered Plaice from the experiments in 1920—
24 99/, were taken by Danish vessels. In the Danish
experiments in 1932—38 about three fourths were
recaptured by Danish and one fourth only by British
vessels. This is a consequence of the increasing Danish
share of the Doggerbank fishery. According to the in-
ternational fishery statistics the Danish share of the
Plaice fishery in the North Sea has risen from 4 °/, in
1903 to 33 ¢/, in 1938. This rise is not as considerable
as the rise in the Danish share of the recaptures of
marked Plaice from the Doggerbank experiments. This
is especially due to the fact that the Danish seine cut-
ters from Esbhjerg in the last decades have fished in-
tensively on the Doggerbank. It should also be borne
in mind that the Danish marking experiments are scat-
tered over the Dogger, while the English experiments
were made almost exclusively in that part of the
Doggerbank which is situated farthest from Denmark.

Total Growth Weight at Increment Av. no.
rec. in length m in weight qf days
no. o cm g 2 & s 1n sea
5 (19.2)  (4.4) (240) (430) (190) (79)  (184)
35 271 4.4 210 390 180 86 134
68 27.4 b.4 185 390 205 111 183
58 19.8 6.3 165 380 215 130 222
56 14.2 5.8 150 320 170 113 177
66 14.2 7.6 135 355 220 163 267
g§ 78

(9.9) 120 (405) (285) (238) (283)

Dispersion. The Plaice from the transplantation
experiments in 1932—38 distributed themselves 40
nautical miles on an average in the period between
liberation and recapture. The local Doggerbank fish
migrated 33 nautical miles on an average. The trans-
planted Plaice were, however, 60 days on an average
longer in sea than the local ones (199 days as against
139). This presumably counterbalances the small dif-
ference in the dispersion. 47 °/, of the recaptures of
marked transplanted Plaice were made less than 30
nautical miles from the place of liberation. This was
the case of 57 9/, of the recoveries which were made
in the course of the first six months after release, and
of 329/, of those which were made later on.

Recapture, growth ete. in correlation lo the length of
the Platce when released. Table 4 and fig. 4 show that
the recapture percentage in the transplantation ex-
periments in 1932—38 depended on the length of the
fish when released, so that the largest fish gave the
highest recapture percentage. This is a common phe-
nomenon when marking small Plaice in the North
Sea, both at the coasts and in the open sea (see Hick-
Ling 1938 p. 36). The phenomenon has been explained
in different ways by the different authors, according
to the conditions under which the experiments were
made. In the Danish transplantation experiments the
most important cause probably was that it was dif-
ficult to catch the smallest Plaice by the large-meshed
Danish seine in the first time after liberation. In accor-
dance herewith fig. 4 shows that the initially small fish
were caught later on an average than the large ones.

BorLEY (1916 p. 17) gives the percentage of Plaice
transplanted in April—June 1904—09 which was re-
captured in the first year after liberation. Of the
length groups 15—19 ¢m, 20—24 cm and 25—29 cm
11, 18 and 27 °/, respectively were recaptured in the



course of this period. In the Danish transplantation
experiments 10 %/, of the fish measuring 20—24 ¢m
when released and 17 9/, of those which were 25—29
em long were recaptured in the first year of liberation.
These figures are considerably lower than the corre-
sponding English figures. As mentioned above the
average percentage of recaptured fish was almost
the same in the Danish and the English transplanta-
tion experiments. This is due to the fact that some-
what larger Plaice were used in the Danish experi-
ments than in the English ones. None of the fish in the
Danish transplantation experiments were smaller
than 22 ecm when released.

In the Plaice from the transplantation experiments
in 1932—38 the amount of growth in length declines
with increasing length when released (fig. 4). As said
above, the English experiments showed a slightly
smaller amount of growth in the largest fish than in
the rest (BorLEY 1916) and it is supposed that a si-
milar difference in the rate of growth in large and
small Plaice has manifested itself in the Danish ex-
periments, but the material is too small to show this
difference. The difference in growth in the period be-
tween marking and recapture in fish of different size
groups shown in fig. 4 is, however, far greater than
would he expected if it was due to a difference in the
rate of growth in large and small fish. [t must there-
fore be due to the fact that the larger fish have been
in the sea for a shorter period of time than the small
ones. This agrees with the fact that the average
number of days in the sea between marking and recap-
ture and the average amount of growth in length
varies in the same way with the length of the fish
when released (see fig. 4).

The weight of the Plaice when recaptured is calcu-
lated on the basis of curves of the ratio between
length and weight in Plaice from the Horns Reef area
(small fish) and from the Doggerbank (large fish). The
weight of the fish when recaptured is calculated on
the basis of the average length at recapture of each
group of length at release. As the weight is, however,
no linear function of the length (weight increases more
rapidly than length), the average weight is calculated
a little too low. If the weight is calculated on the basis
of the length distribution curve for all the recovered
fish so that the weight of each em-group is calculated
separately, the average weight of the fish when recap-
tured will be about 400 g.

The increment in weight in gramimes (table 4) in
the period between marking and recapture varies
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only slightly from one length group to the other, and
not so much as to show any correlation between
this increment and the length of the fish at liberation.
The increment in weight expressed in percentage of
the weight at liberation is greatest therefore in the
fish which were smallest when released. This is of
importance to transplantations made on a commer-
cial basis, since here the increment in weight per kg
fish released is more important than the increment
in weight per specimen.

1801 Percentage /ncrement in
Weight
1401
100 1
84 Growth in Length (cm).
61 \x
3004 No. of Days in Sea.
2007 \/\
30+ Recapture Rate (%%).
201
70 1

24 26 28
Origimal Length (cm).

Fig. &. Transplantation experiments in 1932—38.

Genfangstprocent (nederst), Lengdetilvekst (nesteverst) o.a. i Forhold
til Laengden ved Udssttelsen.



TaBLE 5.
Percentage weight recapture. Calculated on basis of an average weight of 400 g per specimen when recaptured.

Release ] Recapture
Length Weight No. per a0 Per 1000 kg released o/, of weight
cm g 1000 kg no. released no. kg of fish released
28.0—29.9 215 4700 26 1200 480 48
26.0—27.9 175 5700 23 1300 520 52
24.0—25.9 140 7100 14 1000 400 40
22.0—23.9 120 8300 7 600 240 24

Since the result of the transplantation is deter-
mined by the ratio between the recapture percent-
age and the percentage increment in weight it is of
interest to watch this ratio for Plaice of different
length at liberation. Since the weight at liberation is
known the number per 1000 kg can be calculated for
each group of length at liberation. When recovered
the Plaice are estimated to weigh 400 g per specimen
on an average, irrespective of their length at libera-
tion, if this varies from 22 cm to 30 cm. As the per-
centage recovery for each length group is known it
can be calculated how many of the released Plaice
are recaptured, and how much they weigh in all when
recovered. The recovered weight percentage can then
be calculated. Table 5 gives such a calculation for
2-cm-groups on the basis of the material from the
transplantation experiments in 1932—38. It will be
seen that the length group 26.0—27.9 cm gave the
highest weight percentage recapture.

The difficulties and costs involved by procuring
Plaice of a certain length are, however, of great impor-
tance to transplantations on a commercial basis.
Therefore, Plaice of 26—27 cm length are not always
preferable for transplantation from the Jutland coast
to the Doggerbank, though the experiments in 1932
—38 seem to show that Plaice of just this length are
most suitable for transplantation.

Some marked Plaice may lose their buttons, and
some buttons from recovered Plaice were probably
not returned. Again, the mortality among the marked
Plaice may have been higher than that of the un-
treated fish. This involves that the recovery percent-
ages mentioned in this survey are smaller than they
would have been if all the recovered marked Plaice
had got into the hands of the laboratory.

The paper was translated by Mrs. Agnete Volsoe.

Summary.

During the years of 1932—38 about 1700 marked
Plaice were transplanted from the Horns Reef area
to the Doggerbank on board the “Dana’. Some were
transported in basins with running water and some
in wooden boxes on the deck.

When Plaice af equal length ete. are compared, the
growth rate was found to be almost the same asin the
English transplantation experiments carried out in
the years 1904—09, the results of which have been
published by BorLEY a.0. The percentage recaptured
was, however, lower in the Danish experiments than
in the English ones.

As in the English experiments the growth rate of
transplanted Plaice was considerably higher than
that of the untransplanted Horns Reef stock. The
difference in yield produced in this way is strongly
increased by the more intensive fishing in the Horns
Reef area leaving the Plaice a very short time to grow
up before being recaptured. The two factors, rate of
growth and rate of recapture, cooperate so that in

the coastal experiments there is hardly any difference
in the length distribution at the time of release and
recapture, while the difference is considerable in the
transplantation experiments (fig. 3).

The highest percentage recaptured (27 9/,) is ob-
tained when large Plaice (27—28 ¢m) are transplanted,
but the highest percentage weight increment (ab.
200 °/y) when small Plaice (23—24 e¢m) are used.
Therefore, a calculation has been made (table 5)
showing that transplantation of fish of the length
group 26.0—27.9 cm gave the highest percentage
weight recapture (52 °/,).

The share of the Danish fishing vessels in the recap-
ture of the transplanted Plaice was 74 °/, while that
of the British vessels amounted to 23 ¢/, and that of
the Dutch to 3 9/,.

The transplanted fish did not show any tendency to
return to the Jutland coast or other coastal areas.
After all, they did not disperse more than did the
local Doggerbank Plaice.
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Dansk Oversigt.

[ Aarene 1932—38 omplantedes der af “Dana’ ca.
1700 merkede Redspaetter fra Horns Rev Omraadet
til Doggerbank. Nogle transporteredes i Bassiner med
rindende Vand og andre i Fiskekasser paa Deaskket.

Veaeksten viste sig at veere omtrent som i de engel-
ske Omplantningsforseg, der udfortes i Begyndelsen
af Aarhundredet, og hvis Resultater er offentliggjort
al BorLEY o.a., forudsat at man sammenligner Rod-
speetter af samme Lengde. Genfangstprocenten var
derimod lavere end i de engelske Forsgg.

Ligesom i de engelske Forseg viste det sig, at de
omplantede Rodspetter voksede betydelig hurtigere
end Fiskene i Horns Rev Omraadet. Det viste sig
ogsaa, at Redspatterne ved Horns Rev opfiskedes
betydelig hurtigere end de omplantede. Sammen med
Forskellen i Vaeksthastighed bevirker dette, at medens
der i Omplantningsforsegene er meget stor Forskel
paa Fiskenes Lengdefordeling ved Udswttelsen og

ved Genfangsten, er der nwmsten ingen Forskel paa
Udsettelses- og Genfangstlengderne i Horns Rev
Omraadet (Fig. 3).

Den hajeste Genfangstprocent (27 °/,) opnaaedes
ved Omplantning af temmelig store Rodspztter (27—
28 cm), medens den sterste procentvise Veagtforagelse
(. 200 °/y) opnaaedes ved Anvendelse af smaa Fisk
(23—24 c¢m). En Beregning har vist, at Lengdegrup-
pen 26,0—27.9 em frembragte den storste Genfangst-
Veegtprocent (52°9/,).

74/, at de genfangne omplantede Rodspetter blev
taget af danske Fiskere. Engelske Fartojer tog 23 9/,
og hollandske 3 9/,.

De omplantede Fisk viste ikke nogen Tendens til
at vende tilbage til den jydske Kyst eller til andre
Kystomraader. De vandrede i det hele taget ikke
mere end de lokale Doggerbank-Redspatter.
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upon the Stock of Plaice in the Baltic during
recent Years.

2. Idem: Introduction to: R. Spdrck: Report sent
to the Director of the Biological Station con-
cerning the Enumeration of the Stock of
Oysters in the Limfjord during the Summer
of 1924.

3. Idem: Report to the Ministry of Agriculture
concerning increased Motor Fishing in the
Limfjord.

&, H. Blegvad: Continued Studies on the Quantity
of Fish Food in the Sea Bottom.

5. R. Spdrck: A Comparison between the Danish
Oyster-Beds and those in Holland and the
South-West of France.

1 table, 9 fig., 63 pp. 1926. D. Kr. 12.00.

H. Blegvad: On the Renewal of the Stock of

Plaice in the Baltic proper. 6 tables, 37 pp.

1927, D. Kr. 8.00.

1. A. C. Johansen: On the Fluctuations in the
Quantity of Young Fry among Plaice and
certain other species of fish, and causes of
the same,

2. Idem: On a Spawning Place for winter spawn-
ing Herring in the northern part of the Belt
Sea.

3. H. Blegvad: On the Annual Fluctuations in
the Age-composition of the Stock of Plaice.

4. R. Spirck: Studies on the Biology of the Oyster
(Ostrea edulis). II—IV.

1 table, 11 fig., 65 pp. 1927. D. Kr. 14.00.

XXXIV.

XXXV.

XXXVI.

XXXVIIL

1. Idem: Studies on the Biology of the Oyster
(Ostrea edulis). V.

2. Aage J. . Jensen: Remarks on the Hydro-
graphy of the Limfjord.

3. H. Blegvad: Quantitative Investigations of
Bottom Invertebrates in the Limfjord 1910—
1927 with Special Reference to the Plaice Food.

4. A.C. Johansen: The Extent of the Annual
Transplantations of Plaice in the Limfjord and
the Yield resulting therefrom.

5. Aage J. C. Jensen: The Relation between the
Size of the Plaice Stock and the Quantity of
“First Class Plaice-Food” in certain Parts of
the Limfjord.

6. Erik M. Poulsen: The Haddock in the Belt
Sea and the Western Baltic during the Years
1926—28.

25 tab., 40 fig., 125 pp. 1928. D. Kr. 20.00.

1. A. C. Johansen: The Aalborg Herring and its
Importance to the Danish Herring Fishery
from the XVIth Century until the Present Day.

2. H. Blegvad: Mortality among Animals of the
Littoral Region in Ice Winters.

3. A. C. Johansen: Mortality among Porpoises,
Fish, and the larger Crustaceans in the Waters
around Denmark in severe Winters.

4. R. Spérck: Studies on the Biology of the Oyster
(Ostrea edulis) VI—VIII.

5 tables, 7 fig., 109 pp. 1929. D. K. 20.00.

1. H. Blegvad: Quantitative Investigations of
Bottom Invertebrates in the Kattegat with
Special Reference to the Plaice Food.

2. A. C. Johansen: The Sprat (Clupea spratius L.)
in the Limfjord.

3. Aage J. C. Jensen: On the Influence of hydro-
graphical Factors upon the Yield of the
Mackerel Fishery in the Sound.

&, H. Blegvad: Aerial Spotting of Fish Shoals.
Danish Experiments in 1930.

32 tab., 6 fig., 2 ch., 96 pp. 1930. D. Kr. 20.00.

1. Idem: Investigations of the Bottom Fauna at
Outfalls of Drains in the Sound.

2. Aage J.C. Jensen: Hydrographical Investi-
gations of the Pollution of the Sound at
Copenhagen.

3. Erik M. Poulsen: Analyses of Stock and Race
of the Baltic Plaice during recent Years.

4. R. Spérck: Studies on the Biology of the Oyster
in the Limfjord. IX.

5. Idem: On the Capability of Migration of Adult
Individuals of Asterias rubens.

6. Idem & E. Lange: Preliminary Investigation of
the Content of Bacteria in the Limfjord Oyster.

7. H. Blegvad: On Aerial Spotting of Fish Shoals.
I1. Danish Experiments in 1931.

8. Idem: Preliminary Report on the Danish
Experimental Transplantations of Plaice from
the North Sea to the Belt Sea during the Years
1928—31.

6 tab., 15 fig., 1 ch., 94 pp. 1932. D. Kr. 20.00.



XXXVIIL

XXXIX,

XL.

XLI.

XLII.

XLIII.

XLIV.

XLV,

XLVI.

XLVII.

1. Idem: S/S ““‘Biologen”.

2. Erik M. Poulsen: Biology of the Dab in Danish
Waters.

3. R. Spdrck: Investigations on the Biology of
the Oyster. X.

9 tables, 21 fig., 32 pp. 1933. D. Kr. 7.00.

1. H. Blegvad: An Epidemic Disease of the Eel-
Grass (Zostera marina L.).

2, Idem: Transplantations of Plaice from the
North Sea to the Belt Sea 1928—1933.

25 tables, 44 fig., 84 pp. 1935. D. Kr. 20.00.

1. Henning E. Petersen: Preliminary Report on
the Disease of the Eelgrass (Zostera marina L.).

2. Erik M. Poulsen: Recent Investigations into
the Stock of Salmon and Sea Trout in the
River Gudenaa.

3. R. Spdrck: Investigations on the biology of
the oyster XI.

4. Idem: On the occurrence of Crepidula fornicata
(L.) in the Limfjord.

9 tables, 12 fig., 4% pp. 1935. D. Kr. 10.00.

1. Knud Larsen: The Distribution of the Inverte-
brates in the Dybse Fjord, Their Biclogy and
Their Importance as Fish Food.

2. Soren Lund: On the Production of Matter and
the Growth in some Benthic Plants.

10 tables, 17 fig., 52 pp. 1936. D. Kr. 12.00.

1. C. V. Otterstrom: On Methodical Liberations of
Salmon and Trout Fry in Watercourses with
Special Reference to the Gudenaa Area.

2. Erik M. Poulsen: The Dab in the Danish
Waters, Investigations on Stock and Growth.

3. Aage J. C. Jensen: The Races of Dab in the
Danish Waters.

8 tables, 37 fig., 63 pp. 1938. D. Kr. 1£.00.

Erik M. Poulsen: On the Migrations and the

Racial Character of the Plaice. 8 tables, 10 fig.,

80 pp. 1939. D. Kr. 16.00. 5

C. V. Otterstrom and E. Steemann Nielsen: Two

Cases of Extensive Morfality in Fishes Caused

by the Flagellate Prymnesium parvum, Carter.

9 fig., 24 pp. 1940. D. Kr. 8.00.

H. Blegvad: The Danish Biological Station through

50 Years 1889—1939. 64 fig., 69 pp. 194k, D.

Kr. 22.00.

Erik M. Poulsen: On Fluctuations in the Size of

the Stock of Cod in the Waters within the Skaw

during Recent Years. 4 tables, 13 fig., 36 pp.

1944. D, Kr. 14.00.

1. Soren Lund: On Colpomenta peregrina Sauy.
and its Occurrence in Danish Waters.

2. Knud Larsen: The Liberation of Salmon and
Trout Fry in Denmark.

3. C. V. Otterstrom: Turbines and Descending
Salmon and Trout Smolts (and Eels): IV.

4. Frode Bramsnees, Mogens Jul, and C. V. Otter-

XLVIII.

XLIX.

LI.

LII,

LIII.

LIV.

strom: Barriers against Fish By Means of
Electricity or Veils of Air.

1 table, 21 fig., 46 pp. 1945. D. Kr. 18.00.

1. H. Blegvad: On the Waste Fish Fishery.

2. Erik M. Poulsen: Investigations on the Danish
Fishery for and the Biology of the Norway
Lobster and the Deep-sea Prawn.

3. C. V. Otterstrom and Knud Larsen: Extensive
Mortality in Trout Caused by the Infusorian
Stentor polymorphus Ehrenb.

15 tables, 16 fig., 57 pp. 1946. D. Kr. 18.00.

1. Erik M. Poulsen: Seine Fishery for Small
Herring and Sprat in the Limfjord.

2. Knud Larsen: First Report on the Effect of
the Liberation of Salmon Fry in the Gudenaa
1946—47.

10 tab., 14 fig., 37 pp. 1949. D. Kr. 14.00.

1. Knud Larsen and Sigurd Olsen: Ochre Suffoca-
tion of Fish in the River Tim Aa.

2. M. Christiansen and Aage J. C, Jensen: On a
Recent and Frequently Occurring Tumor
Disease in Eel.

6 tables, 19 fig., 44 pp. 1950. D. Kr. 16.00.

1. Aage J. C. Jensen: Changes in the Quality of
the Herring in the Course of the Year and
from Year to Year.

2. Idem: Amount and Growth of Herring Fry
in the Danish Waters.

18 tables, 17 fig., 48 pp. 1950. D. Kr. 16.00.

1. Erik M. Poulsen: The Sprat Fishery and the
Sprat Populations in the Danish Waters.

2. Jorgen Knudsen: Contributions to the Biology
of the Whiting (Gadus merlangus L.) in the
Danish Waters.

3. R. Spdrck: Investigations on the Biology of
the Oyster XII.

4, Idem: On the Distribution of the Slipper-
limpet (Crepidula fornicata) in Danish Waters.

10 tables, 12 fig., 50 pp. 1950. D. Kr. 20.00.

1. H. Blegvad: Fluctuations in the Amounts of
Food Animals of the Bottom of the Limfjord
in 1928—1950.

2. Erik M. Poulsen: Changes in the Frequency
of Larger Bottom Invertebrates in the Lim-
fjord in 1927—1950.

3. C. J. Rasmussen: Two Danish Finds of Female
Eel (Anguilla anguilla) in Spawning or Partial
Spawning Dress.

& tables, 11 fig., 39 pp. 1951. D. Kr. 16.00.

1. C. J. Rasmussen: Size and Age of the Silver
Eel (Anguilla anguilla (L.)) in Esrum Lake.

2. E. Ursin: Transplantation of Plaice from the
Coast of Jutland to the Doggerbank in the
Years 1932—1938.

3. Index to the Reports of the Danish Biological
Station No.1—54 (1891—1952).

20 tab., 9 fig., 1 pl., 54 pp. 1952. D. Kr. 20.00.

All prices are in Danish Kroner exclusive postage, and all prices (fixed at Sept. 1st 1952) are subject
to alteration according to the current rate of exchange.

BIANCO LUNO - KEH.





