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APPEARANCE OF THE AUTUMN SHOALS

According to numerous observations, fishery data and the infor-
mation of LiSSMANN (1933:86—92), in the autumn in sheltered places
along the shores of Lake Balaton, chiefly in lbays and among the reed,
immense shoals of fish, consisting of many hundred thousands, assem-
ble. I made a study of such gigantic shoals from October 1947, to Jan-
uary 1948 and from November 1948, to I]anuaz-y 1949. The investiga-
tions were made at Tihany in the Kis-6bol bay, near the Biological Re-
search Institute and in its immediate neighbourhood.

The first large shoals, consisting according to my observations
almost exclusively of bleak (Alburnus lucidus), appeared in the middle
of October 1947. This was in quiet weather, at about 5—15 m from the
shore. They passed in a 5—10 m wide band parallel with the shore.
Atevening in quiet weather the noise of the masses of little fish !in
these shoals, jumping oul of the water and falling back again, could be
heard at a distance of 200 meters from the shore. At the end of October
the shoals disappeared and reappeared towards the end of November,
but this time in the bay, directly along the shore. The immense shoal
remained sluggishly, in one place more or less, and the fish no longer
jumped out of the waler. It settled down in the midst of a cca 15X15
m patch of reed at the entrance of the Kis-6bol and in the about 80—120
cm deep sheltered water behind it. In this area the water seemed quite
black from above owing to the millions of small fish swarming 'there.
The shoal disappeared during storms but in quiet weather reappeared
at the same place. The fish stayed in this area, with short interrup-
tions, constantly in large quantities, until the lake froze.

From the end of November 1948, until the middle of December
the situation was exactly the same as it had been the previous year.

In spite of its constant presence, the appearance of the shoal
slowly but constantly changed, as many fish wandered away from it
and other new ones joined it, so that the whole immense mass formed a
dynamic rather than a static unit. Between November 20—30 1948, the
huge shoal was composed almost exclusively of bleak. Between Decem-
ber 4—12 great numbers of bream had joined it (chiefly Abramis brama,
Scardinius erithrophthalmus and Leuciscus rutilus). But after Deecem-
ber 12th, with the diseppearance of the other species, the whole again
consisted almost exclusively of bleak. By the time it froze, December
14th, the number of bleaks had:also greatly diminished and only a few
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hundred specimens swam about under the ice in small groups in place
of the immense autumn shoals. Under the ice at several kms from the
shore I observed mighty shoals of bleak but after the ice melied they
all dispersed and new ones appeared at spawning time only.

The purpose of the investigations was to get an insight into the
life conditions of the great shoals. That is, to ascertain their composi-
tion as to species, the sizes and ages of the different species; to make
observations on the distribution of the shoals and their structure, and
to study the time of their formation, duration, disappearance.

METHODS

The collections were made partly from the shore, partly from a
boat. A net of about 40 ecm diameter was used for collecting, which on
Fig. 1,
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Figs, 1 and 2. Ratio of standard length (mm) and weight (g) of bleak for 1947/48
(Fig. 1) and 1948/49 (Fig. 2). The differemnit age groups are indicated by the brokem
vertical lines. O = fry of age group O, I=two years, I = three years, 1II = four-year
old specimens.
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Figs. 3 and 4. Ratio of weight (g) of bleak and horizontal diameter (mm) of

scales. The age groups are indicated as in Figures 1 and 2. The specimens marked with

arrows do not belong to the group where they appear, but to the next one. All data

are averages calculated from several scales. Figure 3 is for 1947/48, Figure 4
for 1948/49.
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account of its size was not good for catching fish larger than 25—30
cm. Yet it proved quite suitable, as from other data — e. g. fishing with
finemeshed nets — it appears that fishes bigger than 15—16 c¢m are
rarely found in such shoals and so play no significant part in them.

I measured the standard length of all the fish collected, i. e. from
the closed mouth-opening to the end of the spinal column (HuGH, 1942).
This length is given in the Figures, in mm. (Fligs. 1, 2, 5—9). Be-
sides this I made several measurements of the weight in each group,
arranged by length. (FFigs. 1—2). I weighed the fish alive. I took the
individuals to be weighed out of the water with a net and, after the
water had trickled off them, put them according to size in a measur-
ing vessel filled with 5—50 ml water, and measured them according
to volume. For this I supposed the fish examined to have a specific
weight of one. At the same time with the help of tweezers 1 took a
sample from the scales of the fish being measured, always behind the
pectoral fin, from the region under the lateral line. I pasted the sca-
les on paper with their own slime and put them aside for further in-
vestication, appending the data concerning them (species, length,
weight). I worked up the scales with a 20’<magnification by transillu-
mination with binocular microscope. Then from its growth rings (an-
nuli) I established the age of the Rsh and, measuring with an exacti-
tude of = 0.02 mm, measured the horizontal diameter of the scale and
the growth of previous years as shown by the rings. From the latter
data the size of the fish in the preceding years can be calculated
(Figs. 3—4).

In the 1947—48 investigations I worked up 4834 fish and in
1948—49 5093.

In collecting the guiding principle was that I considered the
shoal as an entity and took samples from different parts of it, for ex-
ample from the outside, the middle, and near the bottom. This seemed
desirable for two reasons. On the one hand we get a more complete pic-
ture of the structure of the shoal and the distribution of the different spe-
aies of fish in it, and on the other hand because we can thus form a
fairly general idea of the composition of the whole shoal.

COMPONENTS OF THE SHOALS

As the investigation showed, the bulk of the shoals in both peri-
ods was made up of bleak. These formed 97.07% of the population in
1947—48 and 61.47% in 1948—49 (See Table I). It seems that in

TABLE 1,
Components of the shoals, according to species.
1947/48 1948/49
%% 0/o
Bleak 3 . i ; 4680 97-07 3131 61-47
Bream . d : . 33 070 1578 3098
Roach and rudd . . 101 2:09 178 3'50
Pope (Acerina) . ‘ o 004 203 399
Rhodeus . = P . 2 004 — —
Aspius . 3 - 3 3 006 2 004

Perch F o o —
Total 2 2 . . 4834 10000 5093 100-CO
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1947—48 the role of the other species was quite subordinate to the pre-
dominating majority of bleak. The roach (Scardinius erithrophthalmus
and Leuciscus rutilus) predominated in the minority species (101 speci-
mens=2.09%) while at the same period there were only a few speci-
mens of bream (Abramis brama). Of other species there occurred only
sporadic Acerina cernua, Rhodeus amarus, Blicca bjorkna and Aspius
rapax. The shoals had a relatively more varied composition in 1948—49.
Besides the bleak there were bream in considerable numbers (A4bramis
brama among them now and then Blicca bjérkna), with about 1570
specimens (31%), roaches (Scardinius erithrophthalmus and Leuciscus
rutilus) 178 specimens=3.5%, and Acerina cernua, 203 specimens=4%.
It was interesting to note that in both seasons there was a remarkable
lack of Iredaceous fishes. Among almost 10,000 fish there were only 5
young Aspius rapax of the first growing season (age group O) and one
perch (Perca fluviatilis) to represent the predaceous.
Fig. 5—9.

5. Bleak population 1947/48,

Figs, 5—9. Length of fish in the different age groups O — NI according to species.
'Abscissa: length in mm, ordinate: number of the individuals. Thick line: average values
per 5 mm; thin line: average values per 2 mm. Dotted line in Fig, 5 and 6 is the
distribution curve of the two biotypes (@ andg') of bleak. For figs. 6—9 see p, 88—89.
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If we investigate the age of the fishes in these populations, we
find the following: Among the bleak, more than 94% of the inviduals
were fry of one summer (age group O), there were only 55% of sec-
ond year specimens (=age group I), and the still older comprised scar-
cely 0.3%. Conversely in 1948—49 more than a fourth of the bleaks
were of age group | and there were even 10% of those still older.

A similar phenomenon was to be seen in the bream. In 1947—48
scarcely 15% of the bream were in their second year, all the others
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were young fry of age group O. In 1948—49, on the other hand, nearly
half of the specimens examined were more than a year old, in their 2—4
year (=age groups. I. and I1.) (Table II).

TABLE IL
Distribution of bleak according to age groups O—IIL

1947/48 1948/49
0, /o
0 4408 94-2 2016 64
I 258 55 814 26
11 14 03 246 8
111 — —_ 55 2
Total 4680 1000 3131 100

It is interesting to compare in the December 1948 collections the
data for the surface and lower depths of the shoal respectively with those
for its interior. It can be seen in Table III that the top of the shoals,

TABLE III.
Disiribution of bleak and breams in the shoal according to age groups O—IV and size.

Alburnus lucidus

Abramis brama

Surface  Date 0 I

of large XI.3 138 1

shoal 8 851 1

14 470 12

Interior Xll-¢ 12 55

o 17 183

of large 3 174
shoal

Length, mm 25—68 69—91

14
61
61

14
14

0 I R
3 e o
39 162 33  —

232 100 13 2
59 53 R

80—105 106- 40—85 75—110 100—130 130-
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at about 20—40 cm below the surface of the water, is from 96 to 100%
composed of 32—60 mm young bleaks, of age group O, at which time
there were no bream, or they occurred only in insignificant numbers.
In the middle of the shoal, however, in the deeper strata of the water,
there were very few young bleaks (1—4%) but masses of mixed bleaks
and bream several years old. The largest specimens of bleak and bream
occurred near the bottom, ‘and those of the pope (Acerinae) near the
shore (see Figure 10). It was striking to observe the similarity with

0

Fig. 10. Disposition of the fish in the bleak population investigated in the Kis-6bol
(upper graph) and in ihe aquarium (lower graph). O W =open water; C = shore;
R=reed; W I=water inflow, W O = water outflow, 1=1 year bieak, 2= 1—4 year
old roaches (Abramis brama, Leuciscus rutilus, Scardinius erithrophthalmus, etc,)

which the fish arranged themselves within the shoal, both in matural
and under experimental aquarium conditions. Thus on December 10th
1 put into a 50 1 aquarium 400 young bleaks, 200 bleaks of two years or
more, 100 breams of one and two vears, and 30 Acerinae. After a few
hours the fish took up the positions shown in Figure 1. The levels
of the 1 year old bleaks formed a spheroid surface towards the light
and the inflowing water, the older ones mixed with the bream were in
the middle, and the Acerinae in the darkest partifarthest from the wa-
ter inflow. This was not a transitory situation, but was maintained for
several weeks.

Summing up the data on bleak populations in the different col-

lections and grouping them according to year, we get Figures 1—9
and Tables I—IV.
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Figures 1—6 and Table IV show that in the average the

TABLE 1V.
Relation between age (Groups O—III), diameler of scale, weight and length of bleak.
The last column gives the length of the individuals occurring in greatest numbers.

Maximum in

Scale, diam, in mm Weight, in gs. Length, in mm length, in mm

1947/48 1948/49 1947 48 1048/49  1947/48  1948/49  1947/48 1948/49

0 1-22  09-211 06-44 03-38 31-77 25-71 56 36
I 2228 2:1-2-7 44-90 39-81 75-95 69-96 80 76
I 24-34 28-31 85-12-3 83-13 89-102  88-106 98 98
11t —_ 34-39 22 150-18 115 106-116 112 112

bleaks were more developed and larger in 1947—48 (Fig. 5.) than in
1948—49 (F'ig. 6). It furthermore appears that the bleaks of age group
O are quite distinct in respect to dimensions from those of age group. I
The boundary between age groups 1. and II. was not so distinct and
because of the small numbers of the data the difference between age
groups Il and 1II could only be approximated.

Investigating the 1948—49 Abramis population (see Figure 7)
we find a similar distinction as to size among those of different vears.
Here too, those of one year are in the majority as compared with the
older ones. In the same way the young fry of one year also \dominate
among the roach (see Figure 8) and the Acerinae (see Figure 9).

The few young predaceous Aspius rapax occurring sporadically
were without exception fry of age group O.

Among all the fish occurring in these immense populations, with-
out respect to species, the young fry of age group O, 3—7 cm in
length, dominated. The number of fish of age group I was significantly
smaller and the number of those older still decreased still more accord-
ing to age. There were scarcely more than 250 (2.5%) specimens of
three years or more among the nearly 10,000 fish examined.

The length of the Abramis and Acerina populations gives typical
distribution curves (Figs. 7, 9). Thus, for 1948—49 in Abramis brama
of O yvears M=64 mm,” D=645 mm, 0¢=13.7 and S=0.03, i. e. ‘the
distribution was almost completely symmetrical. In Acerina cernua of
O years M=60.06, D=60 mm, ¢=6.1 and S=0.1, that is, here too the
situation is quite similar.

In the bleak population, especially in the O group, the course of
ihe curves is highly asymmetric. In 1947—48 M=55.05, D=58, ¢ =15.47
and S=0.1584. In 1948—49 M=41, D=735, ¢=8.36 and S=0.807. As we
know, one of the causes of asymmetry is that the population is not uniform
but covers two or more biotvpes. According to LiSSMANN there is a dis-
tinct difference in size between males and females of the same age
(LissmaANN, 1933). Taking this and the data of different separate col-
lections into consideration, we can distinguish two biotypesin Figures
5 and 6, which probably express distribution according to sex. The cur-
ves of these biotypes are entirely symmetrical and of a structure simi-

* In the data M =means value, D = place of greatest density, ¢ = s'andard
deviation, s = standard error, and S = index of symmetry, which is positive if the curve
is asymmetric on the right side and negalive if asymmeiric on the left side (WEBER
1948:86).
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lar to the general distribution curves. If we accept the distribution of
the sexes according to such biotypes, we get the following values:

Md M@

mm o mm o
1947—48 444 348 573 12.2
1948—49 355 4.15 53 11.6

A significative difference can be established between the two
biotypes in the years above. In 1947—48 ;,=0.565 and M ¢—M g"=13.1,
In 1948—49 ,=0.7146 and at that time MQ—Mg=17.5; i. e. the differ-
ence in both cases is a statistically significant difference. The separate
data for the & @ and @ @ biotypes during the two years was similar,
that is, theo values stood close tol one another — only in the first year
the whole population was somewhat more developed on the avera
than in the second year, probably on account of more favourable condi-
tions. From the standpoint of size, besides the great difference apparent
beiween the two years, i. e., the evident difference in development,
much can be explained by difference in the distribution of sexes. Natu-
rally in order to clear up the question completely more investigations
on population and anatomy are necessary.

It is an interesting question how these shoals of fish come about.
In other words, what are the causes which, on the one hand, lead to
the formation of the immense autumn shoals and, on the other hand,
what determines their choice of grouping places. Fundamentally we
can distinguish internal and external factors among the causes. The in-
ternal causes, which are very important, from many standpoints of deci-
sive s:'f;nificance (e. g. effects of different hormones, etc.) I did not con-
sider during these studies. Among the external conditions I investigated
first the temperature and the effect of wave action, which Lissmann (1. c.
p. 87) cites as decisive factors. According to my measurements, the pro-
tection of the bay is not as important from the standpoint of tempera-
ture as LissMANN says, if we consider that in ‘the autumn all the water
of the Balaton cools off almost uniformly from surface to bottom (EnTz,
1949, in the press).

Protection against the strong wave action undoubtedly plays an
important part, all the more so because the fish, massed together in the
shoals are very inactive; they usually float sluggishly, almost motion-
less in one place in the water. According to observation, at times when
violent waves broke into the bay, the shoal disappeared and only for-
med in the old place when the water was quiet again.

It is perhaps worthy of notice that the shoals formed and drew
near to the shore at the time when the transparency of the water was
ereatly increased, in the autumn. It is also possible that the small fry in
the more transparent water escaped to the neighbourhood of the shore
and sought for safety from predatory fish by uniting in shoals. Appar-
ently confirming this hypothesis is the fact that second-vear or older
predaceous fish do not occur at all in these immense shoals. This again
calls attention to the possibility that the absence of the larger preda-
ceous fish may be dre tc some immediate cauvse. In order to clear up
this problem I began some investigations of the conditions reigning in
vhe interior ot the shoals.
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First and foremost the immense density of the shoals was remark-
able. It was typical, for example, that when the shoal was disturbed
and trying to escape, it often became so crowded that quantities of small
fish were thrust completely out of the water, on to the backs of the oth-
ers, and wriggled there in the air as if they were on dry land. Owing
to this great density the absorbed oxygen content of the water. which at
10—15 m from the shoal was = 100%, dropped to 80—50 or even 31%
in the 'middle of the shoal {December, 1948). In pH value too some bias
towards the acidic occurred from the open water to the interior of the
shoal, but it scarcely amounted to 0.02—0.05 pH unit and therefore was
probably quite without significance. This assembling of the fish in a
small place, over a.long period is made possible, as we know, by many
factors. For example, they feed scarcely or not at all; because of the
low temperature and their almost complete immobility their metabolism
is probably very low, etc.

The average annual variations in size and the distribution of
sexes within the shoals, the effect exercised by outside conditions on the
formation and maintenance ofl the shoals, as well as the occurrence of
similar large shoals in other parts of the Balaton, will form the subjects
of further investigations.
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OCEHHHME W 3UMHHUE CTAHU PbIB B BEPEI'OBBIX IMOSCAX O3EPA
BAJIATOHAB 1947 —19491'T

Asrop: BEJIA 3HIJ
PE3IOME

1. Bo Bpemsi ocennero ucciepoBanusi 6eperoeux craif puib, s1 o6cnenosan 10 000
poib BospacTom oT 1 ropa go 5-tu net (Bospactube rpynnsl 0T 0—IV) Ha ocHOBaHMM CTaH-
AapTHON [IHHbLL, Beca ¥ o0pasua Yeuvu.

2. YemvH, npurieennsie cOOCTBEHHOH cnusbio K Oymare, s OTkiaabiBal AIs
oficnenoBaHusl, COBMECTHO C OTHOCSUIMMHUCSI K HUAM JaHHBIMH.

3. Ha noBepxHOCTH ¥ KpasiX 'pOMajiHbe CTaH puib COCTOSIT U3 OHONETHHX YKIIEEK,
B CEPEJMHE WIIM BHYTPH H3 2—4 JIETHUX YKJIeeK H 1 —4 JIeTHUX JieweH; a Ha aue BOIH3H
Oepera mnpeoGiafanT OkyHH. (Acerina)

4. TIpuMEHEeHHEM [IeHCTBUSA CBETa H TOKA BOAbLI, Mbl MOJYUHIIH TaKOe-Ke pacnpe-
[ieNeHyde B aKBapHYMe.

5. Ppibbl 00pasvioT XOpOUIO OTJIUYAIHECS [0 BO3pAcTam NONYIISUUH. Y YKIEeK
BCTPEUATCA KaXKAblH rof ABa 040THNA, YTO BEPOSTHO CIEAYET OTHECTH K MX NOJIOBOMY
pumophusmy: MeHbUIHH ' U Oonbuumi

6. Ilniusa ¥ BeC Tena, AMAMETP YEIIVM M BO3PAaCT MPOMOPUXMOHANbLHB M pPHOY
0 HXHO OT/IMYaTh MO BO3PACTY HA OCHOBAHHMK NOOr0 M3 3TUX [JAHHBIX.

7. TlpuMeyaTe/JbHbIMH YepPTaMH SIBIAWTCA OGonbilasi TVCTOTa TpOMajHbLIX CTai,
MOYTH TOJIHOE OTCYTCTBHE XHU{HLIX Pb0 CpeAd HHX W cial0e HACHLIEHHE KHUCIOPOAOM
BHYTPH OTAGJ/IbHBIX CTaM.
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