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Introduction.

In the majority of fish species, the individual size of the populations
varies considerably in different lakes, which also applies to individuals
of one and the same year class. This is a matter of great economic signi-
ficance. A rational policy as regards fishery must, therefore, aim at fish
populations of sufficiently big individual size for profitable catches. Popu-
lations consisting only of small individuals are most often of but slight
value. Thus, an analysis of the reasons for these differences, as well as of
the possibilities of obviating them, is undoubtedly called for. This will be
important also with regard to an elucidation of the problem of suitable
planting material.

Populations with a greatly varying individual size are particularly com-
mon among the perch, the bream, the gwyniad, the trout, and the char.
The explanation has been assumed to lie in the supply of food and in
hereditary attributes. However, the material at our disposal is too re-
stricted for a critical analysis of these particular problems. The same
applies to the differences in growth in one and the same year-class. It has
been established, it is true, from the rearing of fish in ponds that a dense
population (Nordqvist 1932, Walter 1934), with subsequent reduction
in the supply of food for the individual fishes, causes a deterioration in
growth. Further, a certain connection is traceable in natural waters
between an overcrowding of fish and deteriorated growth. Also experi-
ments with the transplantation of forms of stunted trout (Amm 1939,
Lehmann 1942) and gwyniad (Olofsson 1934, Runnstrom 1944) have
shown that, at any rate, some of the transplanted samples attain greatly
improved growth. Detailed experiments with trout (Aim 1939) have
proved the great significance of environment with regard to growth.

Still, full light has as yet not been thrown on these problems, the lack
of direct experiments being particularly noteworthy. This subject has,
therefore, for several years been included in the working program of the
State Institute of Fresh-Water-Fishery Research at Drottningholm (Stock-
holm), Sweden. The results arrived at by a detailed investigation of one
of the forementioned fish species should be applicable also to other species
and, consequently, of a wider significance.



The perch (Perea fluviatilis L.) has been chosen as an experimental
object, principally owing to the fact that it is extremely common in
Sweden, is caught in large amounts, and is of great economic significance.
Further, stunted populations are very usual and, because of its low price,
a comprehensive investigation material could be easily obtained.

From a practical point of view, the most important problem was to
inquire into the reasons for the occurrence of stunted perch populations,
which are very common in several small lakes, above all in northern
Sweden. Is the explanation ultimately to be found in the fishing, over-
crowding resulting in deficiency of food, environmental conditions, small-
sized races, or in an interplay of these factors? Are the possible differ-
ences in growth between the sexes of significance in this respect? Can
anything be done — and, if so, what? — in order to improve the growth
of the forementioned stunted populations, or in some other way to render
waters with such populations more productive, or to utilize these popu-
lations for some other purpose? In connection with these principal
questions, a great many others naturally offer themselves, as shown
below.

The work has been based on partly the material obtained from the
commercial catches in various lakes and, partly, and above all, on direct
experiments. The latter have chiefly been carried out at the Station of
Fishery Research at Kalarne, situated in the forest region of eastern
Jamtland. In the lakes of this region, perch populations of different types
were found which could be subjected to investigation with regard to the
composition and growth of the particular populations. Further, the ponds
at the station presented good facilities for controllable experiments of
various kinds.

My sincere thanks for all kind assistance in connection with the present
work are due to the staff of the research station, to the fishermen and
others who have given their services.



I. Perch populations in different lakes.

1. The individual size of the populations.

The great variation in size of the perch in different lakes has been
pointed out by the majority of fish biologists who have studied this
particular species. However, in most cases the material collected has been
fairly small. For the purpose of a closer analysis of this problem, samples
caught during intensive perch fishing, under or in connection with the
spawning run, have been measured in a number of lakes of various types
and, sometimes, for periods of several years. Measurements have also
been carried out, in many cases, in the event of particularly large col-
lections on occasions other than the spawning run. Consequently, some
of the more important fishing spots in the largest lakes in Sweden have
been selected, as well as some medium-sized lakes yielding good perch
fishing and, finally, also a number of smaller lakes of different types
frequented by the perch. In many lakes a number of different fishing
gear have come to use, such as, above all, fyke-nets, gill nets and traps.
The mesh size has also varied considerably. In the larger lakes, only the
gear employed in usual fishing has been used and, in particular, certain
types of pound-nets. In this case the mesh size may be presumed to have
been adapted to the most suitable size for the perch as far as experience
goes. In view of this, a more one-sided catching method of this type will
probably not change the picture to any marked extent. Table 1 shows
the results of the more important experiments.

The first thirteen lakes recorded in the table are situated in the region
of Kélarne. They, nevertheless, represent different types, as may be seen
from Table 2. Thus, the first eight are fairly small, partly surrounded
by peat-mosses and quagmires, sometimes quite without solid shores. The
Big Holm Tarn (Stora Holmtjarn) and The Church Tarn (Kyrktjarn)
are also comparatively small lakes, but with partly solid shores of stone
and rock. Hallesjon, Balsjon and Gransjon represent the usual, small
lakes occurring in northern Sweden with varying types of scenery, some
being surrounded by forest and moraine territory, others by cultivated
ground. As regards the rest of the lakes recorded in Table 1, the Sulten-
tjarn in Nerike (1.5 hectares, 2—3 m deep, pH = 5.7) resembles the perch



Table 1. Size of the perch in different

Operating Mean 1.2
Lake YAear units S(fx Number % in cm
Sjobns namn r Redskap Kon Antal ¢? 9 Ml i cm
Aborrtjarn 1 .......... 1934—45 M.N.Lrt  «f 4619 86,6 9,9
Perch Tarn 9 714 134 11,6
? 4283 — 11,8
Abborrtjarn 11 ... 1934—45 0 (f 8 252 73,8 11,1
Perch Tarn 9 2933 26,2 13,0
? 8 412 — 12,6
Abborrtjarn I11.............. 1934—45 » ? 2425 81,4 14,2
Perch Tarn 9 554 18,6 16,4
? 3676 — 14,0
Skarpabborrtjarn —.......... 1939, 42 M. N. ? 278 100,0 12,0
UIVsjBtiarn ..., 1939 » M 253 88,8 13,3
1939 9 32 11,2 15,6
1939-41 ? 388 — 14,8
Bodflotjdrn ................ 1939 » c? 263 84,0 12,7
1939 9 50 16,0 16,2
Sjulsontjarn ... 1938 » ? 350 — 15,4
Plasktjarn .......c......... 1938 » ? 643 — 13,1
St. Holmtjam ................ 1937, 39 » rf 272 82,9 15,3
1937, 39 9 56 17,1 17,4
1937-45 ? 4737 — 19,3
KyYrktjarm ... 1938, 41 » ? 356 1—rf 18,4
(S EL| XY 1o] TR 1937, 39—40 » cf 1142 81,1 13,2
1937, 39-40 9 266 18,9 14,1
1938-40 ? 319 — 13,4
Balsjon  .oocovvevvereenienn. 1936-38 » rfl 293 73,1 14,7
9 108 26,9 15,9
1935-36, 39 ? 688 — 15,1
Gransjon  ..oeeeeeeevvenneenn. 1937,39-40 » (f 576 84,0 14,9
1937, 39—40 9 110 16,0 19,4
1938-40 ? 391 — 16,2
1M = Trans — mjardar. N = Gill nets -— nat. Lr = Fyke nets — smaryssjor.

Sr = Pound nets — storryssjor.
2 In all tables the total length. — 1 alla tabeller totallangden.



lakes. — Abborrens storlek i olika sjoar.

Length? in cm. Number. — héngd i cm. Antal

5—9 10—14 15—19 20—24 25—29 30—34 35—39 O 4 45—49

2051 2518 49 1
76 578 54 6
609 3080 541 52 1
1332 6 408 503 9
15 2473 401 42 2
1095 5 400 1828 83 6
15 1085 1288 33 4
— 118 389 46 1
198 1572 1861 43 2
7 269 2
— 184 69
— 9 23
— 158 229 1
17 202 42 2
— 10 35 5
— 83 266 i
— 599 44 —
_ 74 195 3
— 1 45 10
— 357 2106 2055 213 6
_ o 262 93 1
1 1010 131
— 190 76
7 230 82
— 157 129
— 19 87
— 272 403 13
b 261 301 14
— 7 48 47 8

2 213 129 22 15 4 6
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Lake
Sjons namn

Suitentjarn ...

L. SK&rsjon .............

SaANgsjoN.....ccovevreennne.

Straken .....ccccevevenen.

Rébel6vssjon ...............

Oppmannasjon ...........

Oljaren ...ccccevvvereerernne,

Hjélmaren ...............

(Hemfjarden)

Malaren .......ccceceinene

(Fiskerianstalten)

D:o, Stallarholmen

D:o, Kungsor................

Vanern, Hoéljebol .......

D:o, Kolstrandsvik

D:o, Leksberg .............

Kalmar 1, Alsteran ....

3 Only small indiv. taken. — Endast sma ex. tillvaratagna.

Year

Ar

1938—39
1938-39

1936
1936

1943
1943

1937, 39

1937, 40
1937, 40

1939, 41—45

1939, 42—45
1939, 42—45

1939

1939—45
1939-45
1938—39
1938-39

1935-37, 39
1942, 44

1942
1942

1942
1942

1943
1943

1943
1913

1943, 45
1943, 45

1945
1945

Operating
units
Redskap

M. N.

M. N. Lr.

»

M. N.

Lr. N.

Sr. Lr.

Sr. N.

»

Sr. M.

Sr. Lr.

Sr. Lr. N.

M. N. Lr.

Sex
Kon

© M

- © O

cf
9

ef
9

Number
Antal

111
161

269
136

318
101

1263

535
44

3 806
2518

1465
587

156

1433
3332
253
137

661
415

55
551

32
133

268
149

221
461

4015
3 686

21611
2119

%
cf 9

40,6
59,4

66,4
33,6

75,9
24,1

93,0
7,0

60,2
39,8

71,4
28,6

30,1
69,9
64,9
351

61,4
38,6

9,1
90,9
19,4
80,6

64,3
35,7

32,4
67,6

52,1
47,9

91,1
8,9

Mean 1.
in cm
Ml i cm

16,0
16,3

9,8
10,5

19,6
26,6

12,4
13,1
19,3

18,3
26,7

22,1
26,8
35,8

24,2
25,0
14,9
15,1

13,6
13,9
24,6
25,7
20,0
22,0
16,1
25,9
22,5
22,3

25,8
30,9

18,8
24,4
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Length in cm. Number. — Langd i cm. Antal

5—9 10—14 15—19 == RS 25—29 8< 8 35—39 a3 45—49

1 108 2
— 1 156 4
107 161
26 108
— — 176 17 24 1
— — 1 24 61 12 1 2
60 1129 74
2 428 102 - 2 — 1
_ 6 29 2 1 3
4 951 1342 1070 380 57 2
— 38 349 471 807 624 191 38
— - 375 767 321 2
— — 45 146 213 175 5 3
_ — — 4 24 63 43 18 4
- - 3 854 569 7
— — 8 1514 1627 153 27 3
— 68 185
— 31 106
48 392 219 2
59 136 216 2 2
— - 5 23 22 5
— 1 9 166 304 63 7 1
— — 15 16 1
— — 22 93 17 1
- 105 114 43 6
_ — —, 54 72 22 1
= — 35 133 44 9
— — 103 257 89 12
- 34 213 1117 2024 506 113 8
j — — 10 372 1295 1 049 754 197 9
3218 3586 3007 6 464 4 806 483 47

8 88 1 140 750 91 41 1
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tarns. Sangsjon (500 hectares) in Vasterbotten, Straken (800 hectares) in
Smaland and Toften (1.740 hectares) in Nerike are of the same type as
Gransjon, which also applies to L. Skarsjon (5 hectares) in south-eastern
Smaland. Oljaren (1.850 hectares) in Sodermanland, as well as Rabelovs-
sjon (1.000 hectares) and Oppmannasjon (1.400 hectares) in north-eastern
Skane, are medium-sized lowland lakes with good food resources. The
same applies to Lake Hjalmaren (480 km*), Lake Mélaren (1.162 km)
and Lake Vianern (5.568 km2). Finally, Alsteran in eastern Smaland
represents the coast inasmuch as this river is the chief spawning run of
part of the perch populations in the Kalmar straits.

The number of measured perch has, as evident from the table, been
extremely large in several instances, and the results obtained may un-
doubtedly — with certain exceptions — be considered as typical of the
varying size of the perch in different lakhs. It will then be seen that the
perch is throughout bigger in the large lakes and smaller in the small
ones. In the majority of tarns near Kélarne and in other similar, small
lakes the most common size of the perch lies .between 10 and 18 cm.
Naturally, there must also sometimes be a good many smaller perch
which have escaped being caught in larger quantities owing to the fishing
gears employed. On the other hand, larger perch are more scarce in
these waters, in spite of the use of diverse gears and methods of catching
at different seasons and in different parts of the lakes. Large perch are
very rare in Hallesjon. The same applies, though less pronouncedly, to
Balsjon and Straken, while considerably larger perch may be collected in
other parts of Rabelévssjon. Thus, the size of the perch in the collections
in the latter case is not typical of the perch populations of this particular
lake.

In Gransjon near Kélarne the perch has a normal length of 15—19 cm.
Numerous larger samples may also be seen, several even exceeding 30 cm
in length. This lake forms, as regards the size of the perch, a transitional
type to that of Oljaren, Oppmannasjon, Toften, the largest lakes, and
the coast. Even though conditions vary to a great extent, it is clear that
the perch in these lakes is considerably larger, having a normal size of
between 20 and 30 cm. Most often there is even a comparatively frequent
occurrence of perch exceeding 30 c¢cm in length. At the measurements
in Lake Vénern the size has varied fairly greatly. This can also be said
of the two samples of larger perch from Lake Méalaren. However, the
perch was of a large size in all the cases.

Fig. 2, regarding the perch collections during different years in one
and the same spot in Lake Hjalmaren, illustrates the similarity in the
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20 22 24 26 28 30 32 34 36 38 40 cm

40 cm

Fig. 2. Size of spawning perch in different years in a certain fishing spot in Lake Hjalmaren.
Storleksfordelningen under olika ar hos lekande abborre pa viss fiskeplats i Hjalmaren.
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distribution of size which may occur. This is, nevertheless, not always
the case, as is evident from Fig. 3 regarding the size of the perch in Opp-
mannasjon during different years. Notwithstanding the fact that the
same nets, coarse as well as fine-meshed ones, have been used in the
catches all the time, the size of the perch will be seen to be very variable.
During the years 1939—1942, the perch was of a large size and the fishing
has then, evidently, been based on some rich year-classes with large perch.
Smaller perch belonging to new, growing year-classes have, on the other
hand, been comparatively scarce. During the year 1943, hovewer, perch
of this type appeared in large quantities. The same happened in 1944
except that the medium-size was then greater, and in 1945 still increased
even rather considerably. This apparently concerns a new, rich year-class.
The great number of males during these years is remarkable, resembling
somewhat the conditions in The Perch Tarns. This is due to the earlier
sexual maturity of the males. A new, rich year-class will therefore first
announce its appearance by the large numbers of small males participating
in the spawning. In connection with the appearance of this new, rich
year-class, the old rich year-classes, on which the fishing has been based
for several years, will have disappeared completely. However, the facts
related above will show that, in a lake with generally large perch, some-
times a preponderance of small perch may be found.

Similar conditions occur in the Perch tarns and will be discussed in
greater detail in connection with the experiments made there. Also in
these tarns, distinctly different, rich year-classes appear, causing the
medium-size to vary during the different years (Fig. 8 and 11 and pages
53 and 61). Simultaneously, a certain connection exists at times between
the disappearance of an older year-class and the appearance of a younger
one. The occurrence of different year-classes has also been stressed by
Jobes (1933) in America.

However, it may be established that, on the whole, a direct correlation
exists between the size of the perch and the area of the lakes. Still, it
should be borne in mind that the perch may be extremely common also
in the largest lakes, although it is there, of course, more restricted to
certain definite regions. The annual catches in these parts may be con-
siderable. The individual number in the populations per area of water
surface is, however, without doubt considerably bigger in the small lakes
(see page 75).

Further, it will be noticed from Fig. 1 that almost invariably a certain
difference in size occurs between the sexes and that the females are
larger. This will be discussed more closely in connection with the subject
of growth.
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Hum. 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 cm

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 em

Fig. 3. Size of spawning perch in different years in lake Oppmannasjon. — Storleksfordel-
ningen under olika &r hos lekande abborre i Oppmannasjon.

2 — 462271
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2. Sex ratio.

Broadly speaking, the literature regarding the sex ratio of the perch
indicates a predominating number of males in the spawning run. Esch-
MEIJER (1937, 1938) states that the primary sex ratio is disturbed by the
fact that males and females often frequent different places in the lakes,
the males going deeper down, the females keeping to the surface and close
to the shores. In poisoning experiments in different lakes, he found the
sex ratio to be 2—3 males to every female. Hite and Jobes (1942), on
the other hand, came across a very large number of female perch in
Michigan, i. e. 688 females to 100 males, and this only concerned perch
aged from 3—5 years. Roper (1936) points out that regard must be
paid to the size and age of the fishes. He arrives at the resiilt that the
ratio is 115 males to 100 females among 1-summer old perch, being
100 among 2- and 3-summer old perch, 63 among 4—10-summer old,
33 among 11—15-summer old, and maximum 25 males among perch older
than 15-summers. Similar figures are presented by Oistad (1919). Further,
the sex ratio has been examined by Dyk (1918) and Krizenecky (1940)
with regard to 1-summer old perch. In both cases, comprehensive materials
were used, Dyk finding 100 females to 91,g males and Krizenecky 1254
males to the same number of females. Le Cren (1944) reported, from
Lake Windermere in England, that the males form the great majority,
but that during the years with very large catches the males have,
apparently, been collected to a greater extent than the females, causing
the percentage of females to rise in the following years.

The above-mentioned Table 1 illustrates the sex distribution in the
spawning collections. It varies considerably in different lakes. In the
smaller lakes the males are always far more frequent, conditions varying
in the larger lakes. In Perch-tarn I, with the most extreme surplus of
males, only 714, or 13,4 per cent, of females were obtained among over
5.000 spawning perch. In Oppmannasjén, on the other hand, from which
a material of 6.000 samples has been obtained, the number of females
was 2.518, or 39,8 per cent. During the spawning run in two particularly
yielding spots in Lake Mélaren the percentage figures of females equalled
80,9 and 90,9, while in another spot in the same lake, where a great
guantity of smaller perch were spawning, the number of males exceeded
that of the females. In Lake Hjalmaren the female percentage was high,
and in Lake Vanern the corresponding figure varied between 35,7 and
67,6 per cent. The spawning perch from Alsteran shows en overwhelming
surplus of males. However, in this case it is quite probable that numerous,



19

small males, which have escaped, have reappeared in the nets or traps
and, accordingly, have been counted several times over. Still, the male
figure in Alsteran will be found to be very large among also the bigger
perch, exceeding 20 cm in length.

The seemingly high sex ratio of the males in especially the stunted perch
populations may, sometimes, be due to the localization of the fishing gear
and the different spots in which the sexes make their appearance. In
1941, in Perch-tarn 11 a certain trap contained 39 females and 13 males,
while another trap had 133 males and only 2 females. On the whole, the
males seem to be caught more often in the traps than do the female
perch. Finally, in certain experiments where the fish has been let loose,
the same sample has again been caught several times over, as mentioned
above with regard to Alsteran.

Simultaneously, it should be borne in mind that the catching in, for
instance The Perch Tarns has been carried out with different gears, set
out in different places, and that they have been so effective as hardly to
let any spawning females, whenever they have occurred in greater numbers,
pass uncaught. Since the perch in these tarns does not grow any larger
than shown in the collections, also the spawning females must occur in
these sizes. However, the number of males has varied during different
years and it is noteworthy that, during the very last years, the per-
centage of females has considerably exceeded that of former years. This
may, possibly, indicate that the females in the year-classes occurring at
the beginning of the experiments have died, while the sexes are as yet
fairly normally manifested in the new year-classes.

It will be seen from Table 1 that the number of males may be great
even in lakes with large-sized perch (Oljaren), in spite of the fact that
the opposite is more common. It is therefore obvious that the type of
gear, and above all the mesh size, often is the decisive factor. However,
also the different sizes of the perch, in different lakes and under different
years, play a part in this connection. This is clearly shown in Figs. 1—3
when compared with the sex ratios in Table 1. Nevertheless, it all serves
to demonstrate the uncertain sex ratios obtained in an examination of
the material from the spawning run.

In order to examine more closely the actual sex ratio, a large material
has been collected with different gears at seasons other than the spawning
time (Table 3). An analysis of the activity of the stunted perch populations
in this respect was of particular interest. It is, of course, quite possible
that the sex distribution may be influenced by factors, acting in these
lakes in favour of the occurrence of males, of which we are as yet ignorant.
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Table 3.

Sex ratio in other seasons than in springtime. — Kdnsférdelningen
vid andra arstider &n vid leken.

Number — Antal

Lakes and ponds
Sjéar och dammar

cf 9
ADBDOITEAIN 1 e 202 243
Abborrtjarn 11 168 242
Abborrtjarn 111 181 179
SKarpabbbOrTHAIN ...........cooocveeeeeeeceeeee e 94 105
SUIBNTIAIN oo s 110 161
L. SKAISJON oooocvveecveeeeeeieessseessssessssssssss e sssesssss s 269 136
BAISJON  eovveoeeeeeeeeeeeeee e 20 66
GIANSJON oo seeee e s 18 63
(R TE TR aET e o TR 253 137
MELAFEN oo ses e e 286 369
Total lakes — Summa sjoar 1601 1701

(485 %) (51,5
Dammar KA&IArne ... 1 somr. 99 89
» » 2 > 241 196
» » 3 » 133 146
» » 4 23 21
» AIVKArIEDY ..o 1 » 290 306
» Harvik ....... e 1o 173 266
» Aneboda Wl 118 108
» Drottningholm ..o 1 73 73
» » 2 > 27 20
Total ponds — Summa dammar 1177 1225
49,0 °I,) (51,0 %)
Total lakes and ponds — Summa samtliga 2778 2 926
(48,7 %) (513 %)

Accordingly, the question arises: Is the number of males really as large
as it would seem from the spawning results, or does it only appear so?

The table 3 now shows that the large male surplus at the spawning
run is not typical of the sex distribution at other seasons, but that in the
majority of cases the females are approximately equally common. In the
lakes with large-sized perch the material has comprised fishes of the same
size groups as in the forementioned lakes. Thus, the sex ratio was normal
in Lake Malaren, while the number of males was greater in Lake Hjalma-
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ien. When the total material from the lakes is amalgamated, 1.601 males
and 1.701 females are obtained, or 48,5 and 51,5 per cent, respectively.

It is evident from the results obtained also in pond experiments that
such a sex distribution is typical of the perch. Even though the number
of males may sometimes be greater, sometimes smaller. The percentage
figures 49 and 51 per cent are arrived at in an amalgamation of all the
samples. The majority of these perch derive from stunted populations
in The Perch Tarns. The forementioned sex distribution is typical from
the very start, and the large male surplus, reported by Roper with
regard to the youngest ages, does not agree with the results obtained by
the present author.

In this connection, the result from an experiment with 1-summer old
perch deserves to be mentioned, where all the 132 examined samples were
males. The experiment formed part of a series of experiments with the
offsprings of certain selected females and males. Thus, fertilization had
taken place by means of the spawn from only one female and with only
one male. Apparently, certain changes have then occurred in the gene
complex, causing an altogether one-sided sexual determination.

In what manner is the large male number in the spawning run of the
stunted populations to be explained? Owing to the difference in size be-
tween the sexes, the majority of spawning males have a length of 8—14
cm, while the females begin to spawn only at a length of 9—10 cm, and
the maximum number occurs at lengths of 12—17 cm. Among the larger
samples, even the females are just as common as the males, in spite
of their great absolute scarcity.

As will be shown further on, growth decreases rapidly in these lakes
when the perch have attained a length of 12—15 c¢cm and, as far as has
been possible to judge, then sometimes ceases almost altogether, the fishes
in several cases dying. It is therefore easily assumed that some females
never have time to attain the necessary size for spawning, or only take
part in the spawning but once or, more rarely, a few times during their
lives. Accordingly, in a certain year-class with from the start approxi-
mately equal quantities of males and females, the number of times of
spawning on the part of the males will be many times greater than that
of the females, while the corresponding figure with regard to the females
will, perhaps, not even correspond to the number of females. Probably,
the females which do not join in the spawning, keep more still and are,
therefore, not caught to any particularly great amount. Thus, the actual
sex distribution in these lakes does not deviate from conditions in large-
sized perch populations.
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Table 4. Mean weight in grammes for different length-groups. (Number

Lake Date Length
sjo Tid 7882 8387 8892 9397

Abborrtjarn 1. . s137, H37, V38, H38, S 39, 6,0 (10) 7.7(20) 88(37)
H 39, H41, V42, V43, V44, 1,062
H 44
» I1. . S35 H35 V36 S36 H 36, 50(23) 6135 6,9(39) 84 (49)
V37, S37, H37, V38, H38 098 0,90

V39, S39, H39, H40, H41

» 1. . V37, 837, H37, V38, H38,
S$39, H40, V42

Skarpabborrtjarn S 39, V 42 8,2(5)
1,12

Flasktjarn .. .. S38

St. Holmtjarn. . V37, S38

Halleslon .... S37, S38
Balsjon.............. S35, H35 V36, S36, H 36,
V37, V38, S39
Gransjéon .... V37, 5§38, V39, 539
L. Skarsjon . . . S36 9,6 (32) 10,5 (97)
1,32
Sultentjarn . . . S38, S39
Hjalmaren. . . . S38, S39
Malaren............. V35, $36, H36, H39, V42, 45(38) 55(5) 7.8(3)

H 42, V 44, H 44 0,88 1,07

1S = summer, sommar; H = autumn, host; V = spring, var. Same in all tables.
2 Coefficient of condition (Fulton), konditionskoefficient.
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in brackets.) — Medelvikt for olika langdgrupper. (Antal inom parentes.)

in cm

9,8-10,2

10,2 (62)
1,02

9,9 (54)
0,99

10,3 (8)
1,03

10,2 (8)
1,02

11,8 (109)

1,18

117 (5)
1,17

— Langd i c¢cm

10,3-10,7 10,8-11,2 11,8-11,7

11,6 (83)

11,6 (56)

12,6 (12)

10,8 (5)

13,5 (71)

12,5 (15)

13,3 (74) 15,0 (49)
1,00

13,6 (67) 15,3 (56)
1,02

13,5 (27) 16,1 (24)
1,01

13,5 (22) 14,7 (44)
1,01

132 (5) 16,5 (4)
0,99

150 41) 17,3 (18)
1,18

149 (24) 161 (15
1,12

11,8-12,2

17,4 (45)
0,93

17,3 (80)
0,92

17,0 (57)
0,91

16,7 (52)
0,89

19,6 (11)
1,05

14,6 (29)
0,78

16,9 (68)
0,90

15,6 (44)
0,83

21,7 (6)
1,16

20,5 (37)
1,10

12,3-12,7

20,7 (19)

19,2 (82)

19,9 (43)

17,7 (22)

19,3 (14)

15,8 (24)

18,9 (35)

17,7 22)

23,3 (63)

12,8-13,2

22,5 (13)
0,95

21,1 (82)
0,89

231 (22)
0,98

191 (15)
0,81

22,4 (53)
0,96

18,7 (63)
0,79

21,9 (53)
0,93

20,4 (45)
0,86

28,4 (10)
1,20

24,4 (70)
1,03

13,3-13,7

25,9 (15)

23,8 (105)

26,8 (29)

23,5 (41)

22,6 (10)

21,6 (47)

24,6 (65)

22,8 (60)

33,0 (5

32,6 (16)

27,5 (69)
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Lake Date Length

) Tid
13,8-14,2  14,3-14,7  14,8-15,2

Abborrtjarn 1. . S'37, H37, V38, H38, S39, 296 (15) 33,9 (11) 36,1 (6)
1139, H41, V42, V43, V44, 1,08 1,07
1144
» 11. . S35 H35 V36 S36, II36, 26,0 (171) 29,1 (169) 33,3 (132)
V37, $37, H37, V38, H38, 095 0,99

V39, S$39, H39, H40, 1141

» 1. . V37 S37, H37, V38 H 38, 297 (34) 32,5 (43);f- 355 (42)
S$39, H40, V42 1,08 1,05

Skarpabborrtjarn S 39, V 42

Flasktjarn .... S38 25,1 (42) 27,6 (14) 30,1 (14)
0,91 0,89
St. Holmtjarn. . VvV 37, S38 25,4 (25); 25,7 (37) 30,0 (66)
0,93 0,89
Hallesjon .... S37, S38 22,3 (25) 23,7 201 26,3 (37)-
0,81 0,78
S35, H35 V36, S36, H 36, 27,9 (99) 30,5 (134) 34,6 (132)
Y 37, V38, S39 1,02 1,03
Gransjon .... V37, S38, V39, S39 26,0 (73) 28,3 (51) 32,3 12
0,95 0,96
L. Skarsjon . . . S 36
Sultentjarn . . . S38, S39 35,9 (7) 37,7 (37)
1,12
Hjalmaren . ... S38, S39 35,3 (35) 38,6 (77) 40,7 (87)
1,29 1,21
Malaren.............. V 35, $36, 1136, H39, Va2, 30,1 (112) 35,9 (107) 38,9 (154)
H 42, V44, H 44 1,10 1,15

1 S = summer, sommar; H = autumn, hést; V = spring, var. Same in all tables.



15,3-15,7

42,0

36,9

39,8

32,0

33,1

29,4

37,4

37,3

38,9

44,3

42,7

(©)

(108)

(50)

@

(58)

(21)

(94)

(33).

(70))

(48)

(121)

— Langd

15,8-16,2 16,3-16,7 16,8-17,2

40,9 (106) 45,0
1,00

41,7 (49) 476
1,02

42,4 (5)
1,04

38,5 (41) 43,4
0,94

32,0 (30) 39,0
0,78

41,5 (100) 45,2
1,01

40,0 (32) 453
0,98

40,6 (62) 43,2
0,99

47,8 (28) 52,0
1,17

446 (74) 52,2
1,09

(89)

(22)

(28)

(21)

(97)

(@7

(41)

(18)

(41)

cm

51,7 (64)
1,05

51,5 (24)
1,05

49,4 (30)
1,01

453 (19)
0,92

50,7 (84)
1,03

50,3 (15)
1,02

47,3 (21)
0,96

59,1 (27)
1,20

17,3-17 7

55,4 (43)

55,2 (22)

51,6 (16)

47,7 (14)

54,7 (32)

55,0 (20)

53,0 (10)

65,7 (7)

17,8-18,2 18,3-18,7

66,0 (21)
1,13

59,1 (12)
1,01

60,2 (12) 69,2 (6)
1,03

58,2 (47)
1,00

615 (11) 650 (8)
1,05

51,1 (5)
0,88

73,4 (5)
1,26

25

18,8-19,2

71,1 (9)
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3. Length-weight relationship.

Table 4 gives the results of weight measurements in some of the lakes
mentioned previously. In the majority of cases, the primary material is
based on collections made in different seasons and in different years,
only mean figures being noted in this particular survey. The material
includes only the sizes from principally 10 to 16 cm which were to be
compared in this connection.

In Fig. 4 the curves offer a graphical illustration of the differences be-
tween the weight of perch in some of the lakes. The condition coefficient
has also been calculated with regard to certain length groups, according

to Fulton’s formula |k =

The relative weight is, apparently, greatest in the large lakes, such as
Lake Malaren and Lake Hjalmaren, with their abundant, large-sized perch
populations. An unusually heavy relative weight is manifested by the
perch in Skarsjon where, however, the population is typically stunted.
An intermediary position is taken by the perch in the three Perch tarns.
In these tarns the differences are slight as regards the smallest groups,
and the weight, figures lie very close also in other groups. However, the
Perch Tarn Il discloses throughout somewhat lower weight. Flasktjarn,
Skarpabborrtjarn and Sultentjarn, with stunted populations, and Balsjon
and Gransjon, with larger-sized populations, have mutually rather equal
weight figures, but otherwise mostly slightly lower figures than in the
tarns. The lowest relative weight throughout is to be found in the perch
population in Hallesjon, i. e. a relatively big lake but with a numerous,
very stunted population of perch.

Undoubtedly, the weight at a certain length is principally connected
with the supply of food. Therefore, it is quite natural that the weight is
best in Lake Malaren and in Lake Hjalmaren where the supply of food is
rich. The uncommonly light weight in Héllesjon must, no doubt, be
attributed to the exceedingly dense population and the subsequent defici-
ency in nourishment in the various size groups. The same may be inferred
with regard to Holmtjarn where the population of perch was exceedingly
large during the years 1937—38 (cp. page 77). However, during the last
years a noticeable increase in size has taken place. The low weight in
certain cases does not, however, seem to prevent the perch from growing
fairly large, as observed in Gransjon and Balsjon, while, on the contrary,
a relatively heavy weight may be seen in certain lakes with stunted
populations. This is, probably, due to the fact that zooplancton is fre-
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18 cm

18 cm

4. Length—weight relationship in small perch. — Férhallandet mellan langd
och vikt hos mindre abborre.
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giiently fairly profuse in the latter lakes. Accordingly, as regards the
younger ages the supply of food is very good in many cases. The short
period of growth depending upon the low temperature of the water, on
the other hand, causes a delimitation of growth which will, probably,
explain the otherwise unusual relationship of bad growth and high relative
weight. At a later stage, a scarcity of food sets in and with it deteriorated
relative weight with the exception of certain perch which reach a larger
size and better weight.

In comparison with the weight of the perch in other regions, it may be
stated that the figures obtained in the present investigation are, on the
whole, in agreement with those published by Oistad (1919) in Norway
and, partly, also with the results from Roper’s (1936) investigations.
However, in the latter case the figures of weight are often higher. The
American authors, particularly Schneberger (1935), have, broadly
speaking, arrived at similar values. They base their calculations of the
condition coefficient, as a rule, on the so-called standard-length, i. e. the
maximum body length not counting the caudal fin. Consequently, their
values are not comparable with those obtained from calculations of the
total-length of the fish. In measurements, | have found that standard-
length reaches 83—85 per cent of the total-length. On the basis of these
values, the condition coefficient has been found to equal 1,7—a1s a value
which is in fair agreement with Sgchneberger’s figures. In certain over-
crowded lakes, on the other hand, Eschmeyer (1937—39) states that
the perch are extremely thin and have large heads. Still, he points out,
at the same time, that the perch in a stunted population in Ford Lake,
Michigan, were fat and in good condition.

As already mentioned, the primary material comprises catches from
different seasons as well as in different years. Thus, it has been found
that the lakes still, on the whole, come in the order in which they are
stated above. Different seasons may sometimes disclose different figures
of weight throughhout in one and the same lake. During the years 1935
and 1936, for instance, the weight was heavier during the summer than
in the autumn in Perch tarn Il, Balsjon and Lake Malaren, as may be
seen in Fig. 5. The reason is, no doubt, a richer supply of food, in the
form of plancton and insect larvae, during these summers for perch of
the sizes concerned here. In other years such differences have not been
ascertainable. At times also a difference in weight may be found through-
out from one year to another. Such a phenomenon is, probably, dependent
on differences in the supply of food.

However, it is evident that, in spite of discrepancies during different
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— Balsj6t

17 cm

Fig. 5. Length—weight relationship in different seasons.
__ Langd och vikt under olika arstider.

years, the mean weight of a certain length group varies greatly in different
lakes. In the majority of cases a correlation with size exists. Thus, large
size and high mean weight, as well as small size and low mean weight
in the populations mostly accompany one another.

4. Growth and age.

Since we have now established that a certain correlation exists between
the individual size of the perch and the size of the lakes, and that the
females grow bigger than the males, the possibility of a connection with
size, growth and age will be examined.
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Table 5. Mean (actual) length in cm for different age-groups (Number

Lake Date
Sjo Tid
Abborrtjarn I .............. V 33, V35, S36, H39, V41,
H 41
Abborrtjarn 11 ... V 34, H35 S36, H36, HA41,
V42, H42
Abborrtjarn 111 ... V 36, H 36, V41, H41, V 42
Skarpabborrtjarn ........... S 42
Sultentjarn .......cccooveene S 39
Kyrktjarn ... H 43
Straken .. V 38
Oppmannasjon ............... V 43, H 43

Maélaren, stunted perch
(smaabborre) ............... V 36, H36, V42, H42, H44

Sex
Koén

©

¢ + 9

c? + 9

ol + 9

c7 + 9

(Antal inom

Mean

78 (19) 96 (17)
10,7 (3)
78 (19) 9,8 (20)

10,5 (5)
10,8 (1)
10,6 (6)

10,8 (7)

13,5 (34)
11,8 (8) 13,4 (22)
13,5 (56)
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in brackets).—Medellangd i cm for olika aldersgrupper (empiriska varden).

parentes.)

length by age of — Medellangd vid en alder i &r av

4

11,2
10,5
111

11,0
11,8
11,0

10,5
10,5
11,2

11,2
11,2

11,9

14,2

13,7

14,2
13,8

20y
)
2%

a9
®)
25)
®
®)
14

®
22)

a2

a3

45)

20
05)

5

11,9
119
11,9

12,1
12,1
12,1

11,7
11,8
11,7

15,6
15,6
15,6

20,3
21,0
20,9

13,4

16,3

13,9
13,7
13,8

(€1B)
15
(46)

@7
)12)
39

18
18)
19
(NN
30
)

®)
a4

A3

15

)

22)

(69

10y
a9

6

11,7
12,9
12,4

12,8
13,1
12,9

12,5

13,3
12,6

12,2
12,5
12,4

15,6
15,5
15,6

20,5
20,9
20,8

14,9

19,9

14,3

15,1
14,6

13
18
(€N

20y
12
32)

16)

©)
a9

ayn
20)
(€18

ay
a3
2%

(ea)
®)
®

©)

15

(63)

[€IN)
()

7

12,0
13,8
13,3

13,8
13,8
13,8

13,5
13,5
13,5

12,3
12,9
12,8

16,0
16,2
16,1

23,8

15,3
15,5
15,3

8

€)) 18,4
[©) 13,8
a1 158
a6y 14,2
©) 14,9
22) 146
[C)) 15,3
) 14,1
a7y 151
(©)

)

0,

[©) 17,0
a0y 16,5
a9 16,3
[©) 25,5
@9 15,7
@7 16,0
76y 159

(©)
)
@

)
10
19

)15)
©)
18)

@
)
O

(26)
24
(50

9 10
19,3 2
16,3 4 18,2
17,3 6) 18,2

15,2 12y 15,6
16,5 6)
15,6 (18) 15,6

177 (y 17,6
17,7 () - 17,6
29,0 8
17,4 (6)
16,6 (6)

17,0 2

©))
(©)

14

a4

(©)

©)

11

15,6 (8)

15,6 (8)
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Table 6. Calculated mean length in cm for different age-groups. Results
grupper i vissa tidigare under-

Lake Auctor Date Sex Mean
Sjo Tid Kén i 9
Mélaren, Vésterasfiarden ...... Nilsson Maj 1914 E 3,7 6,9
Maélaren, Vasterasfjarden ...... ) 10 1914 9 41 15
Hjélmaren, St. Sundby ........ Alm » 1916 24 9 39 79
Toften, Orebro lan .............. ) 1917—1918 ) 41 79
Yxtasjon, Sodermanlands l&n . ) 1918-1920 » 3,0 57
OsterSJon Kallrigafjarden, Upp- . )
sala 18N ..o Nilsson Juni 1914 c? 39 70
OsterSJon Kallrigafjérden, Upp-
salad 1aN .eecovrieiiiieceeies » » 1914 9 39 73
Bottenhavet, Sandtn (Luled
Skargard) .........coevcverernnns » » 1914 Q? 45 78
Bottenhavet, Sanddn (Luled
skargard) .......cocoeeerererennns » » 1914 9 47 8,0
St. Oivann, Norge.................. Olstad 1917—1918 i+ 39 7.0
St. Oivann, NOrge .......cc..... » 1917—1918 9 40 72
Helgeren, Norge .......cccccceeeee ) Juli 1917 cf 40 6,9
Helgeren, Norge ........c.ccce..... » » 1917 9 42 72
Marsjon, NOrge..........ccc....... ) Aug. 1918 M 38 75
Marsjon, NOrge..........ooeeeneen. » » 1918 9 38 73
Mjosen, NOrge .......cccocevenees » — 9 4,0 73
Storsjoen, Norge ............. ) — 9 45 72
Thushy trésk, Finland........... Brofeldt 1915 w + 9 3,2 6,1
Langelmavési, Finland ......... » 1917 » 2,9 5,0
Ladoga, Finland ................... Jaaskeldinen 1917 » 59 9,3
Muggelsee, Berlinl ................ Raper — "
9
Flera sjbar i Preussen ........... 0"+ 9 7.2 9,0
Michigan Lake .................. Hile and — 6,2 9,9
Jobes 9 6,1 99
Weber Lake, U.S.A2........... Schneberger 1932 s
9

1 Actual lengths — Empiriska varden. 2 Groavth not ended — Tillvaxten for airet ej av-



33

from earlier investigations. — Berédknad medellangd i cm for alika alders-
sokta sjoar i olika lander.

length by age — Medellangd vid en &lder av

3

10,7
10,0
11,6
11,8
11,9

10,4

10,9

11,3

11,2

9,7
10,3

9,3
10,0
11,0
11,0
11,0
11,0

7,7
75
12,8

10,2

13,0
13,2

10,7
11,0

slutad.

3 — 462271

4

14,6
13,1
15,6
15,0
13,0

13,4

14,0

14,2

14,1

12,2
13,0
115
12,8
13,9
14,1
14,5
14,8

11,3
10,0
14,9

15,9
173
12,5
15,8

5

17,9
16,7
19,5
17,6
13,9

16,0

171

15,8

17,0

14,6
15,3
14,2
151
15,2
16,0
18,5
18,7

13,9
12,5
17,2

12,7
13,2

12,6

18,5
19,7
12,7
16,7

6

20,1
20,0
22,6
20,2
14,7

18,3

19,6

17,0

19,0

15,9
17,2
15,8
171
17,7
18,4
22,0
21,8

17,1
15,0

13,4
13,8
13,4

21,1
22,8
16,6
18,9

7

22,2
22,5
25,8
23,6
15,8

20,2

18,6

21,8

17,6
19,2
18,4
19,2

20,6
253
247

17,7
175

13,7
14,5

14,8

22,7
251
17,1
20,2

24,2
24,9
27,4

21,9
23,9
19,8

241

22,0

22,2

28,2
27,0

19,3
20,6

16,6
16,2

26,8

18,1
21,0

26,2
31,6

21,4

26,3

26,3

25,0

25,0

30,5

24,3
23,0

17,4
17,7

10

21,7
32,5

254

28,2

28,1

32,2

25,0

17,8

11

29,6

30,3

34,0

21,5

18,6
18,6
19,0

12

32,3

29,5

20,2

13

33,7

32,0

20,6
21,4

22,0
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It is important, then, from the start to make a clear distinction between
certain definitions. In the preceding pages, the individual size of the perch
has been mentioned and, in connection with it, reference has been made
to whether the populations were small-sized or large-sized. This has only
served to express the most usual size in the population but not whether
the growth has been bad or good. Most often, as shown below, small
size and slow growth are connected, but this need not always be the
case. A population of small-sized perch may also be due to the fact that
the fishing is carried on so intensively as to prevent the fish from having
time to grow to a greater length. In such cases, though fairly rarely, the
growth itself may be good.

In the present work, the age has been determined in several of the
experimental lakes. The scales have been used in this process, in certain
cases the opercular bones. Attempts have been made with polished otolites,
though with very unsatisfactory results. Also the scales and opercular
bones have generally been difficult or even impossible to use. Accordingly,
no back calculation of length at earlier ages has been performed, in view
also of the fact that the material in the majority of cases comprises the
younger age groups. It has therefore been considered more correct to use
only the empirical values. However, these latter values must also be
regarded as fairly uncertain, as must the results of all investigations of
the age of particularly the slowly growing perch be accepted with great
caution. Still, some guidance with regard to the value of the deter-
minations has been obtained in certain lakes by the measurements of
length performed during different years, in the course of which different
year-classes and their increase in length have been ascertainable. In Table 5
the figures of growth in the experimental lakes have been put together.
Table 6 shows the figures of growth in certain other lakes examined
earlier.

In determinations of the growth of the perch in Sweden and other
countries, growth has been found to vary rather considerably and, above
all, the age is very different in different quarters. Thus, the figures of
growth in certain Finnish and German lakes are generally lower than
those of the lakes in Norway and Sweden, although there are exceptions
as, for instance, in lake Lohilampi in Finland (Jaaskelainen 1917) and
in the lower Elbe (Mohr 1922). Information from the North-American
lakes, as a rule, indicates very good growth, considerably better than
in the large-sized perch populations in the European lakes. At the same
time, the age of catching in America is much lower, being often only 3
or 4 years. In fact, an age higher than 10 years is seldom reached there
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(Hike 1942, Jobes 1933, Schneberger 1935). Lindhé (1942) lias pro-
pounded the opinion that in the lakes of Sweden a large amount of the
perch die at the early age of 4 or 5 years. Schneberger contends, on the
basis of his own and other American investigations (particularly Hark-
NESS 1922), that in lakes where the perch grows slowly it becomes older
(8—9 years), while in lakes with good growth it does not attain this age
(only 5 6 years), although it is even then larger than the forementioned
individuals of 8—9 years of age. Schneberger as well as Wagner (1910)
have, furthermore, pointed out that reversed conditions occur between
growth and the density of the populations. Oistad (1919) states that the
greater length of the perch in large lakes than in small ones is due to
the fact that the perch attains a higher age in the former, while the
growth is fairly equal in both cases.

As regards the annual growth, scientists in America generally state it
to be extremely good during the first two years of life. After this it
decreases in connection with sexual maturity, only to increase again after
a couple of years. On the other hand, in the populations where a high
age is not attained, the growth is exceedingly slow after the very first
years. Roper (1936) reports the growth to be good during the first year,
but after this it becomes slow for several years and then gradually in-
creases. Otherwise, data vary considerably on this point. In Lake Winder-
mere in England, with from the start of the investigations a very dense
perch population, Le Cren (1944) found the growth to be good during
the first two years with a mean length of 10 cm, but after that it de-
creased. The main part of the spawning perch had an age of 2 years for
most of the males and 3 years for some of them, being 3 and 4 years for
the females.

My investigation results, as compared with earlier results from Swedish
and foreign lakes, show the possibility of distinguishing between two types
of growth among the perch, corresponding to the large-sized and stunted
populations, although, of course, all transitional types do occur. In large
and medium-sized lakes and at the coast, where the populations are
generally large-sized, the growth is fairly even and continues to a high
age of over 10 years and more. However, the growth must be regarded as
relatively slow in comparison with, for instance, that of the salmonoids and
the pike. In small lakes with stunted populations, the growth during the
first 1 or 2 years, sometimes for longer, agrees comparatively well with
the growth of the perch in the large lakes, but after this period it de-
creases rapidly and sometimes ceases almost entirely. In the former case
a length of 10 cm is attained at about the age of 3 years, 20 cm at about
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Fig. 7. Actual (a) and calculated (b) growth curves from annual collection analysis in the

Perch Tams nos. | and Il, as well as the actual growth curve of small-sized perch in Lake

Maélaren. — Empiriska (a) och efter arliga fangstanalyser berdknade (b) tillvaxtkurvor for
Abborrtjarn 1 och Il samt empirisk tillvaxtkurva for smévéaxt abborre i Malaren.

6 or 7 years, and 30 cm at 10 or 11 years. The most common age of
catching is 6—10 years. On the other hand, in the stunted populations
the age at a length of 15 cm is most often 8—10 years, and a length of
20 cm is reached only by some individuals, while a length of 30 cm never
occurs or but in exceptional instances. Particularly in the smaller tarns,
the growth stops in the majority of individuals even at a length of 12—14
cm, without therefore resulting in the death of these perch. Markings
of these fishes have shown that they are often alive year after year,
without increasing particularly in growth. However, sometimes a greater
mortality occurs. In fact, on the whole, the age of the individuals in these
stunted populations does not seem so high as in the large-sized populations.
Accordingly, Oistad's contention, that the perch with a rapid growth
usually become older and, consequently, also larger, finds some support
in these observations. However, the determining factor as regards size
is, in the first place, the difference in rapidity of growth which sets in after
a few years.

Returning to the subject of the growth of the stunted populations,
the curves in Fig. 6 do not give the actual state of affairs. The explanation
is as follows: The perch whose age has been determinable with some
degree of accuracy, without doubt, concern individuals with fairly good
growth. In the case of individuals with particularly slow growth, the
annuli become so thin and close together as to render a determination
of age quite impossible. The curves will therefore reflect a better growth
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than is typical of the population in question. This is proved in Fig. 7
where the size curves of the perch from two of the Perch Tarns have
been presented, being based partly on the above-mentioned examinations
of age, and partly on the measurements of length dealt with in a later
chapter. In the latter case, | have taken for granted that the perch with
a length of 7 cm have been 2 years of age, and have described the curve
accordingly. It will be noticed that this curve runs considerably below
those based on the age analysis, which reveal an increase in growth at
a somewhat higher age. This is due to the fact that, in this particular
case, individuals are concerned which in the lakes with stunted po-
pulations have, already at an early stage, changed over to a fish diet,
owing to better capacity of fending for themselves, greater competitive
power, definite taste, etc., and have in this way grown more rapidly and
become larger in size than the great majority of the others. This applies
especially to the females. In Perch Tarn Il, one female perch attained a
length of over 30 cm. This circumstance has been established earlier with
regard to other species of fish, and recurs regularly at all sorts of breeding
of fish in ponds.

It is far more remarkable sometimes to find smaller populations
occurring in lakes simultaneously with large-sized perch populations.
While examinations of growth performed on large samples from, for in-
stance, Lake Malaren show throughout good growth, an examination of
small samples disclose frequently during the last years a growth more
resembling that of the stunted populations. Thus, apart from the col-
lections made at the Institute of Fishery Research during the years 1936,
1942 and 1944, great quantities of perch have been captured, including
males as well as females, which have revealed bad growth (cp. Tables 5
and 6, as well as Fig. 7, where a curve has been drawn in illustration of
this), and at the age of 5—8 years have only attained a length of 13—17
cm. It seems fairly improbable that these perch should later on have a
so much better growth as to become as large as the large-sized perch
occurring in the same lake. Probably, this concerns individuals which have
belonged to rich year-classes and very large shoals, with subsequent less
favourable feeding conditions and deterioration in growth. Since these
small perch seldom become caught, the number of them must easily be-
come rather large. Among the youngest perch, included in the age ana-
lysis, according to which the curve has been drawn, the mean length will
be seen to be approximately equal in 3-, 4- and 5-year-olds. This is pro-
bably due to the inclusion of quite a number of individuals with good,
continuous growth also afterwards. During the Autumn of 1945, perch of
the forementioned sizes were not particularly common while, on the
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other hand, there was an abundance of perch in the sizes 5—7 and 11—
13 cm. These sizes corresponded to the 2 and 3 age groups, thus re-
vealing normal growth. Simultaneously, captured 1-sumnier old perch
had a length of only about 3 cm. Corresponding empirical figures of
length of 1-, 2- and 3-summer old perch have been found earlier in the
Swedish Yxtasjon (Aim 1922).

Roper (1936) has also drawn attention to the fact that the growth may
vary in small perch. However, he is, apparently, of the opinion that the
assumed better growth of the large perch does not correspond to actual
conditions, but is due to neglect of differentiation between the growth
of the first years of life and that occurring later on. Accordingly, these
large perch should be older and should have had a less good growth than
assumed in their youth. However, as we will soon find, the large-sized
perch undoubtedly had a good growth capacity even at an early stage
and, for this very reason, have attained a greater length.

Further, Roper, as well as Walter (1934), Schiemenz (1905), and
others, distinguish between three different forms, viz., »Krautbarsche»
which frequent the vegetation close to the shores, have a high shape of the
body, vivid colouring, and feed on the various lithoral forms, »Tiefen-
barsche» which collect in the deep waters, are longer, have a dull colouring,
and eat mainly fish, and »Jagebarsche» which live in the upper layers of
the water, also have a duller colouring, and eat fish and plancton. The
latter are, as a rule, smaller than the »Tiefenbarsche» and, according to
Roper, even the »Krautbarsche» grow less well than the »Tiefenbarsche».
The difference in appearance is, mainly according to Roper’s examinations,
dependent on the whereabouts of the fish and the nature of the food.
It is not a question of different races, from a genetic point of view, but
the various forms will freely intermix. Such different forms of perch
occur also in several of the larger Swedish lakes. They have been described
in greater detail by LindnE (1942) who has called them pond-weed perch,
smelt- or deep-sea perch, alburn or hunting-perch.

The occurrence of perch populations with discrepancies in growth and
individual size in one and the same lake has also been mentioned by
Varga and Mika (1937) from the Neusiedlersee (Ungarn). Thus, this
lake earlier contained quite a stunted, extremely common form of perch
which lived along the shores, while a large-sized but rather sparse form
kept out in open water. However, no information has been given re-
garding age in this particular case. SUIETOW (1934) in Russia has reported
the occurrence of a large-sized and a small (stunted) form of perch in one
and the same lake, the former disclosing good growth, with a length of
17—19 cm as soon as after 3 years.
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As already mentioned, there is in the majority of cases a discrepancy
as between the size of the two sexes of the perch, the males being more
common among the smaller individuals, the females more often forming
the majority among the larger fishes. Even Oistad (1919) and Huit-
feldt-Kaas (1927) ascertained this discrepancy among the sexes and
explained it as due to a generally better growth on the part of the females,
the growth of the males decreasing more rapidly. This difference in
growth between the sexes has also been proved in American investigations,
where the females have been found to be larger as early as in the third
or fourth year of life. In Lake Malaren, according to Nilsson’s (1921)
examinations, the growth is approximately equal between the sexes. How-
ever, Nilsson’s material was rather too restricted, i. e. comprised 21
males and 16 females, for a definite conclusion. Oi1stad states that this
discrepancy in the size of the sexes and their growth is more conspicuous
in the stunted populations than in the large-sized populations. Laskajr
(1940) is of the same opinion. Still, in both these latter cases, the materials
were too small for a definite analysis of this problem.

This different growth of the sexes also applies to the populations in
the present investigations. In the cases where the sexes have been kept
apart, the females reveal throughout a somewhat better growth. How-
ever, this is not manifested during the first years of life, but the older
the perch the more distinct is the discrepancy. Table 1 illustrates the fact
that in populations with a very slight individual size as well as in the
opposite case, small differences in length [Perch Tarns I and 11, Hallesjon,
Hjalmaren, Malaren, Vénern (Kolstrandsviken)], as well as great dif-
ferences in length [Perch Tarn 111, Bodsjétjarn, Gransjon, Oppmanna-
sjon, Oljaren, Vénern (Holjebol, Leksberg)] are to be found between the
sexes, even though the differences are fairly insignificant among the
stunted populations. However, also in the cases where the growth is
more similar, do the females grow bigger than the maleg. It is impossible
to decide whether this is due to the fact that the growth of the males at
a higher age becomes so slight as to be unnoticeable and unascertainable
from the scales, or to the fact that the males die earlier than the females.
In all probability both these factors cooperate. Nevertheless, the capacity
of the males to live long without showing any marked growth is evident
from the experiments discussed later which were performed in the tarns,
as well as from the above-mentioned great male surplus in the Perch
Tarns during the first experimental years. The smaller size and earlier
decrease of growth on the part of the males is, however, characteristic
of the large-sized as well as the stunted populations.



Il. Experiments in lakes and ponds.

The results of measurements of length and determinations of growth
have shown that the perch generally becomes larger in the big lakes
than in the small ones. This has been found mainly due to a fairly good
growth which usually continues for several years. On the other hand,
the stunted perch populations are soon subjected to a decrease in
growth which is accentuated until the increase in length becomes, in
several cases, almost unnoticeable. Further, a distinct difference in size
between the sexes has been observed, owing to the better growth of the
females during later years.

The question may be asked: What is the reason for this discrepancy
in growth among the various perch populations? The answer is, in the
first place, to be found in the nature and supply of the food in relation
to the individual amount in the populations, as well as in the environ-
mental conditions. The discrepancies in size and growth may, conceivably,
be due to the occurrence of races with genetically different capacities of
growth, or to intensive fishing, preventing the perch from growing up to
a bigger size.

A number of experiments have been performed for the purpose of a
closer analysis of these problems. These experiments have consisted,
partly, of a reduction of the stunted populations by intensive fishing,
or by the planting of predatory fish, thus improving the feeding conditions
for the individual fishes, partly of producing the same results by trans-
fering perch from stunted populations to waters with more favourable
external conditions, and partly, finally, of breeding the spawn from such
populations under varying environmental conditions in order to study
the effect of the environment on growth. Before describing these experi-
ments, a brief survey will be given of the nature and supply of the food
of the perch.

1. Nature and supply of the food.

The most detailed investigations of the food of the perch have been
presented by Arten (1935), Roper (1936), Pearse and Achtenberg
(1917—18), and the present author (1922). Broadly speaking, the results
show that the perch principally feed on plancton during the first year
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of life. In the following years, they eat, apart from plancton (the Lepto-
dora in particular), also diverse small animals, such as especially the
Chironomus-la,vvae, as well as dragon-fly larvae (e. g., the Ephemeridae),
the Gammarus and the Asellus, and sometimes small fish. When a greater
length has ben attained, i. e. up to 15—20 cm, the perch changes over
to a diet of fish and cray-fish whenever these are obtainable. However,
the food varies considerably in different lakes and in accordance with
the whereabouts and the season of the year. At times a shoal of perch
has almost exclusively fed on small animals, at other times only on plane-
ton. This may, as mentioned earlier, influence the appearance, as well as
the growth and size of the perch. According to Roper, more plancton are
consumed during the winter than during the summer. Pearse and Ach-
tenberg have studied this seasonal variation, mainly with regard to small
perch. They have, in the course of these examinations, ascertained marked
variations in the food. This has also been observed by Coney (1935)
and Reighard (1914). Pearse and Achtenberg mention that the perch
consumes daily 7 per cent of its own weight. Further, they found the
smelt to be the most in demand, next followed by the roach, the album,
the ruffe and the small perch. When the smelt, the roach and the alburn
are unavailable, Oistad reports that even perch of a length of 20—25
cm often keep to a diet of small animals, less frequently going for small
perch and minnows, and still more seldom for trout and the char. On
the other hand, Ariren found that small perch play an important part
in the food of the perch, in spite of the fact that the tables presented
are not quite in agreement on this point. Also Eschmeyer is of the opinion
that the perch, at the age of 3 and 4 years, to a large extent feeds on the
youngest year-classes of its own species. According to Roper, the usual
length of the small fish, which form the food of the perch, equals 6—8
cm. Cray-fish are included in the food to a great extent in certain lakes,
and small cray-fish are consumed even by perch of a length of 10—12 cm.

Examinations of the food of the perch have been performed in the
Perch Tams, as well as in some of the other experimental lakes. The
results have ben presented in Table 7. In this connection, perch of dif-
ferent lengths have not been kept apart, owing to the fact that the
examined size groups comprise, above all, the medium-sizes of 10—15 cm.
In the Perch tarns, the Chironomus-\a,Tva,e most frequently form part of
the food of the perch. Thus, in a total of 437 examined perch, these larvae
have occurred in 163 cases. However, in tarn no. 11l other insect larvae
are still more common. They also often occur in tarn no. I, i. e. the
Ephemeridae, in particular, while the Copepoda come second in tarn
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no. 1, although even in this tarn the insect larvae are of more importance
as a food, owing to their size, than are the small Entomostraca. The
Cladocera are fairly common. This shows that plancton still play an
important part in the diet of perch of these sizes. The Corethra larvae
have been distinguished from the other insect larvae, being rather fre-
quent in particularly tarn no. Ill. The Imagines are, apparently, also of
significance in this respect. However, it is evident from Table 8 that
perch of suitable sizes, at least in tarns nos. | and Il, must have been
abundant in the year 1938 when the principal examinations of food were
carried out. Finally, it is noteworthy that the remains of plants are
contained in the food of a large number of samples. They may, perhaps,
have formed part of the tubes of the Trichoptera-larvae. No palpable
differences in the food during the various seasons have been ascertain-
able. Still, in 1938, the Chironomus-l1&Tv&e were found to be most fre-
quent in the Spring in all the tarns, while the Imagines were more common
in the Autumn.

In Sultentjarn, the food of the perch shows to some extent other cha-
racteristics. Here, the Asellus predominates entirely, being followed next
by the Cladocera, and thirdly, by the Imagines, while the Chironomus
and other insect larvae are more scarce. Only 1 sample out of 97 at the
size of 15—18 cm had eaten fish. Among 81 equally large perch from
Lake Hjalmaren, on the other hand, as many as 17 samples had eaten
this type of food, and a large quantity of plancton, above all the Lepto-
dora and the Cladocera. No insect larvae were noted in this case. In Lake
Maélaren, fish had not been contained in the food to the same extent as
in Lake Hjalmaren. Finally, a number of perch of the size of 8—13 cm
have been examined, having been kept in ponds without special feeding.
In this particular instance, insect larvae predominated (the Chironomus,
as well as, still more, the Ephemeridae), and in the Autumn of 1938 the
Cladocera. The Copepoda and the Imagines come far behind in demand.
The remains of plants have also been observed in this case. It should be
pointed out, in this connection, that in the ponds where large perch have
been kept and spawning has taken place, in certain autumns a good
number of 1-summer old perch have occurred. They have, apparently,
not been eaten up by the larger specimens.

These results confirm what has been said above regarding other exa-
minations of the food of the perch. In addition, they show that, in the
lakes where only perch occur, the small perch do not constitute a parti-
cularly tempting food for the medium-sized perch. Otherwise, the small
perch should undoubtedly have been consumed to a far greater extent.



45

This is apparent from a comparison between Sultentjdrn and Lake Hjal-
maren, where perch of about the same size have been examined in either
case. In Sultentjarn, approximately 1 per cent of the perch have eaten
fish, while the corresponding figure in Lake Hjalmaren is 21 per cent.
The results from the ponds point in the same direction. This is, of course,
also due to the fact that the perch have not attained the size at which
they more generally change over to a fish diet. It is, moreover, possible
that the young perch were rare in Sultentjarn. Further, the occurrence
of the remains of plants is noteworthy, as well as of the Corethra in the
tarns. Some of the experimental results obtained by Eschmeyer (1938)
further confirm these data. In a lake like Ford Lake, with only perch
from the start, large quantities of minnows had been planted for the pur-
pose of increasing the food supply. An examination of the food a year
or two afterwards disclosed that 25 perch out of 100 had eaten minnows,
while only one perch had taken a young one of its own species.

From the above, it will be seen that one of the reasons for the varying
growth and size of the perch in different lakes is, undoubtedly, to be
found in the nature and supply of the food, the fish diet being the decisive
factor with regard to the attainment of a larger size. In the several small
lakes, where the perch does not become large in size, fish but seldom
plays any particular part as a food. This is, no doubt, due to the fact
that the fish species which are the most appetizing, i. e. above all the
smelt, the roach and the alburn, are lacking in these lakes. The occurrence
of smaller perch does not seem to stimulate a change over to a fish diet
to the same extent. Furthermore, as will be shown below, during certain
years small perch of a size suitable for food are very sparse in these lakes.
It is also conceivable that the more unfavourable environmental con-
ditions in these lakes, which will be touched upon later, have a dimi-
nishing influence on the appetite and directly serve to reduce the con-
sumption of food.

In the literature on this subject, it has been reported that the laying
out of bundles of shrubs is a good means of increasing the food and im-
proving the growth of stunted perch populations (Eckerbom 1937,
LindnhE 1942). A gathering of the smallest young perch in and outside
of these bundles of shrubs in order to get at the richer supply of food
there, would cause the large perch to be more easily tempted to begin
eating these small perch than if they were more scattered. This seems
rather plausible from a theoritical point of view. However, many experi-
ments with bundles of shrubs in typical tarns with small perch (Sjulson-
tjarn, Flasktjarn and Abborrtjarn 111) have as yet not confirmed this.
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The conditions in the large lakes with their abundance of small fish of
all kinds must be far better than in the tarns. Naturally, the growth in
these large lakes should be capable of continuing even at a higher age,
resulting in the large-sized perch populations which are common there.
Oistad (1919), it is true, is of the opinion that no particular difference
exists between the rapidity of growth in different lakes, in spite of the
great variation in feeding conditions. However, his figures of growth are
not in very good agreement with this statement, rather confirming what
has been said above. Roper (1936) contends that there is no close con-
nection between the growth and the nature of food. Instead, he states that
growth is determined by the density of the populations. However, from
the above it will be seen that the abundance and nature of the food form
decisive factors. The density of the populations is of very great indirect
significance in this respect. This has been suggested above as an ex-
planation to the occurrence of populations of small-sized perch with fairly
slow growth observed in lakes with large-sized populations. The occurrence
of typically stunted populations, which can often be accounted for in this
way, is illustrated by the experiments described further on in this work and
has, moreover, as already mentioned, been pointed out by American in-
vestigators.

However, not only does the supply of small fish vary in different lakes.
Also plancton and various lower animal species belonging to the lithoral
and bottom fauna, principally insect larvae, disclose a markedly varying
occurrence both as regards species and individuals. In the case of the
plancton, this does not, as first pointed out by Nauman (1921), apply
so much to the zooplancton, since even in apparently very unproductive
lakes, of especially a dystrophic type, the humus substances collected in
the water are consumed by the Cladocera and, accordingly, render a fairly
profuse supply of such organisms possible. On the other hand, the phyto-
plancton is more sparse in the less abundant forest and moss lakes than in
the eutrophic lowland lakes. Several authors (Aim 1922, 1943, Brundin
1942, JARNEFELT 1917, Lundbeck 1926) have proved that this also con-
cerns the lithoral and bottom fauna, even though the bottom fauna, in
many lakes of an apparently unproductive type, has been found to be a
good deal more abundant than could at first be presumed.

Finally, it should be borne in mind that the shore region in many small
forest lakes often consists of quagmires, the sides of which are either steep
or hollowed out underneath. Accordingly, the region accessible to the
lithoral fauna becomes extremely restricted and the fauna, to a correspond-
ing degree, becomes poor (Alm 1943).
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2. Experiments regarding stunted populations.

a. Experiments in the Perch Tarns (Abborrtjarnarna).

(YYear-classes, reduction by fishing, etc.)

Reports have been issued from many quarters stating that a reduction
of stunted perch populations by intensive fishing or through the planting
of predatory fish has involved an increase in the individual size. However,
no direct figures, based on the measurements of a more comprehensive
material, demonstrating this phenomenon exist in the literature at our
disposal.

At Kalarne, systematic experiments of this type have been made in
different lakes with stunted perch. Firstly, the experiments in the Perch
Tarns I—I11 will be accounted for. As regards the nature of these lakes,
reference may be had to Table 2. Apart from the possibility of decimating
the populations and thereby increasing their growth and value, the purpose
of these experiments was to study the individual number in the populations
and the usual size of the perch, their growth and food, as well as the
occurrence of different year-classes.

Principally, traps have been employed as catching gear with different
mesh-sizes (% and % inch mesh-size), fyke nets with a mesh-size equalling
2,7 cm, gill nets with a mesh-size of 2, 25 and 3 cm, a herring-net with a
mesh-size of 2 cm, a seine with a mesh-size of 1 c¢cm, long-lines and hook-
and-line fishing. Thus, a direct selection of only certain sizes has not been
possible.

During the first years, the experiments took place in the spring, the
summer, and the autumn, in later years only in the spring and in the
autumn, or in one of these seasons. During most of these years, a number
of the perch were marked in the spring by the cutting away of a certain
fin. This is a method of marking which has proved excellent with regard
to the perch, owing to the fact that its fins seldom grow out provided the
cutting is done carefully. These marked perch were recaptured in the
summer and autumn of the same year, as well as in later years. The cutting
away of different fins for each year has made it possible to identify the
various annual markings. Principally males have been marked in this way,
but in certain years also several females.

The experiments were commenced in the years 1933 and 1934, according
to slightly different principles in each of the three lakes. Thus, in tarn
no. | the main purpose was to determine the effect of intensive fishing on
the population. Accordingly, in the first seven years all the captured perch
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Table 8. Mean length in cm of spawning perch in the

i Abborrtjarnarna
Lake Year Sex Number o Mean 1L Length
Sjo Ar Kén Antal ¢c?+9 ML 6 ; 8
Abborrtjarn I ............. 1935 v 100 100,0 11,5
1936 c? 100 1000, 11,7
1937 ol 50 1000 11,6
1938 0" 665 9,0 104 2 31
28 40 109
1939 ¢? 402 90,3 121 1 1 5
9 43 97 129
1940 t? 32 533 114 4
9 28 46,7 16,4
1941 d 729 96,8 8,4 4 150 310
9 24 3,2 17,0
1942 0* 1 683 91,4 9,3 14 425
9 159 86 108 9
1943 d 205 743 103 7
9 71 257 105
1944 c? 429 755 106
9 139 245 11,3
1945 ol 224 50,2 10,8 2
9 222 498 11,6
Abborrtjarn 11 ............. 1934 ol 505 95,3 135
9 25 47 14,3
1935 ol 191 955 14,0
9 9 45 154
1936 c? 173 86,5 13,7
9 27 135 16,2
1937 & 309 97,8 132
9 7 22 163
1938 c? 461 97,1 114 3
9 14 29 161
1939 o 880 91,4 10,0 5 214
9 83 86 133
1940 ol 1574 90,7 10,2 2 112

9 161 9,3 13,1



Perch tarns I—I11. Number. — Abborrens langd vid lekfisket
I—I11. Antal.

in cm — Langd i cm
9 10 11 12 3 14 15 16 17 18 19
9 8 31 40 8 2 1 1
1 5 41 38 4 9 2
7 16 3 4 6 3 1
46 313 206 49 4 3 3 2 1 1
1 8 12 7
13 72 198 8 18 3 3 1
2 14 17 8 2
3 3 10 2 1 2 3 4
2 6 7 7 3
180 58 10 6 2 2 3 2
1 1 2 2 6 8
770 376 91 4 2 1
55 42 27 12 1 1 1 3 2 2

56 65 44 20 13
10 30 20 9
9 212 162 43 3

13 78 73 50 8
17 86 97 19 3

15 44 203 203 29 7 3 1
9 8 2 4 2
1 1 38 110 33 7 1
1 2 3 1 1 1
20 9 16 12 51 44 14 4 2 1
1 9 7 6 2 2
5 29 66 36 25 52 42 27 8 15 4
2 1 1 2
83 122 80 74 22 9 20 24 15 5 2
1 3 3 1
226 122 139 106 34 16 4 4 2 1
1 9 21 25 8 1 2 4
512 458 217 134 58 32 17 9 11 5 4
6 28 18 31 26 11 9 9 8 2 6

4 — 462271

AN W W LN
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Lake Year
Sjo Ar

Abborrtjarn 11 ............ 1941

1942

1943

1944

1945

Abborrtjarn 111 ... 1935
1936
1937
1938
1839

1940

1941

1942
1943

1944

Sex
Kon

rf

o

c?

¢?

c?

c?

© P © O ©

©o Z ©

(=]

©

Number
Antal

801
261
964
228
182
359
1209
1030
1003
730

193

174

28

191

11

248

110

435

85

205

44

small-large
460 104
564

35

176

75

152

141

49

2

f«

0+9

75,4
24,6
80,9
19,1
33,6
66,4
54,0
46,0
57,9
42,1

96,0

4,0
86,1
13,9
94,6

54
69,3
30,7
83,7
16,3
82,3
17,7

94,2

58
70,1
29,9
51,8
48,1
96,1

39

Mean 1.

ML

111
12,4
111
12,3
12,2
12,2
12,2
13,8
11,9
12,6

14,6
14,1
151
16,4
14,7
16,1
151
16,6
16,5
17,1
16,0
17,7

11,7

19,2
14,5
14,9
15,2
15,2
13,1
18,5

Length
1 8
3
4

13 samples of 26, 28 and 35 em respectively. — 2 2 samples of 24 and 24 cm respectively.
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c

Langd

22

21

20

19

18

17

16

15

14

13

12

10

14

229 90 59 19
69 20
173 25

295

87

11

94 32
440

22
224

57

27

11

17
16
37
71
292

46
34

85
44
120
512

60
69
86
177

75
251
262
201

19
62

13
21

30

40

45
146

48

10 11

10

190
486
306

35
273

11

30

11

26

323

51

46

64

35

15

11

11

12

31

36

28

16

10

22

10

10
12

20 29 43 54

18

54 42 15
29 20
126 30
21

20 47

28

37

39
189

13
47

14

12

13

20
52

10
78
11

12
28

17

13

38 25

26

207 22

226

10

12

36

25

10

11

35

24

16

27

14

15

13

18
13

30

14
14

14

29
38

14

12

34

13
11

10
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were taken away, i. e. even the marked ones. During the following years,
all the captured perch were set free again, with the exception of the marked
ones. In tarn no. Il, the intention was to improve the conditions for the
remaining fish by moderate reduction of, above all, the large samples. In
addition, the population was decimated by the planting of fish calculated
to consume perch spawn (gwyniad) and bigger perch (pike). During the
first years, therefore, only about half of the captured perch, including
marked samples, were removed. During the later years and up to 1943,
replanting took place. In 1944 and 1945, on the other hand, a maximum
amount of perch was removed. Finally, in tarn no. Ill, the size and reju-
venation of the perch population was to be studied, without any particular
interventions of any kind. Thus, during the first four years all the cap-
tured perch were restored. In order to study the effect of reduction,
however, the majority of the collected samples were removed in 1938
and, in 1939, a large number of small samples, in particular. All the
marked samples were replaced. During the years 1940—1942, a distinction
was made between large perch (15 cm and more), which were returned,
and small perch (under 15 cm) which were removed. Finally, during the
years 1943—1945, no perch at all were taken away.

For reasons of space, only one table (Table 8) has been presented, viz.,
regarding the number of captured perch in the spawning run during
different years, distributed according to size and sex. Table | summarizes
the data regarding perch caught at other seasons. Further, Tables 9—11
give a survey of the results of reduction by fishing and of marking. These
figures of captured perch differ from those in the forementioned Table 8
owing to the inclusion of all the perch caught during the different years.
Figs. 8, 9 and 11—13 give a graphical illustration of the percentage
occurrence of the various length groups.

The experiments in Perch Tarn |I. The number of collected perch in
this tarn has during certain years (1933, 1936, 1938 and 1942) been great,
while it has been small in other years (1935, 1940 and 1943). It is evident
that, at the commencement of the experiment in 1933, a fairly large
population occurred in the tarn which was strongly decimated by fishing
during this and the two following years. The most common length was
14—16 cm in the year 1934 (1933 was unfortunately not measured), but
several samples attained a length of 20 cm, as well as above this. In
1935, large samples of this kind were even more usual. Simultaneously,
an abundance of perch at lengths ranging from 10 to 11 cm were found,
while the intermediary groups were more sparse. The larger samples
caught in 1934—1935, apparently, belonged to several rich year-classes
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5 e 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 cm
%
20
10

20
10

20
10

30
20
10

20
10

20
10

20
10

20
10

30
20
10

20
10

30
20
10

30
20
10

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 cm

a*«< . different years in Perch tarn I. — Storlelcsjordélningen under olika ar i
Aborrtjam 1 (% av antalet).
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Table 9. Survey of the experiments in Perch Tarn I.

Total catch Num. caught in the
(num. of removed

Fangade under Num. marked

samples denoted and replanted
Year in brackets) in the spring
Ar JTotala antalet Spring Summer—Autumn  pg varen markta

fangade (inom varen sommar—host och Aterutsatta

parentes antal

borttagna) Removed Reelanted Removed Repu)lanted
borttagna ater- borttagna ater-
utsatta utsatta

1933 1770 (1 570) — 200 1570 — 200 anf!
1934 726  (526) — 200 526 — 200 v but
1935 384 (284) — 100 284 — 100 v brt
1936 1180 (1 080) — 100 1080 — 100 b rt
1937 818 (768) — 50 768 — 50 h but
1938 1649 (878) 50 771 828 — 50 trf
1939 696  (596) 349 100 247 — 104 h brt
1940 327  (100) 50 103 50 124 0
1941 946 (50) 25 818 25 78 0
1942 2087 (50) 50 19732 — 64 100 anf
1943 276 (50) 50 226 — — 100 hbuf
1944 726 (50) 50 560 — 116 100 v brf
1945 562 — — 562 — —

Marked — maérkta
Recaptured — aterfangade

%

1 ant = anal tin; vbut = 1 abd t; vbrf — 1 pectoral f; b rf = post dorsal f;
h but = rabd f; f rf = ant dorsal f; h brf = r pectoral f.

2 1.470 later in the spring. — Dérav H70 senare p& varen.



—_ Sammandrag av forsoken i Abborrtjarn I.

Num. of recaptured marked perch in different years, distributed accord-

ing to the year of marking and in percentages (in brackets) of the

total number of marked samples (after the exclusion of earlier removed,
marked samples)

Antal under olika ar aterfangade markta abborrar, férdelade -pd mark-
ningsaret samt i % (inom parentes) av hela antalet méarkta exemplar
(efter fr&ndrag av tidigare borttagna markta ex.)

1933 1934 1935 1936 1937 1938 1939 1942 1943 1944

61
(30.5)
10 87
(7,2) (43,5)
3 26 16
(23) (23,00 (16,0
0 9 41 88
(10,3) (48,8) (88,0)
0 0 0 1 9
(83) (18,0
0 0 1 0 16 27
(2,3) (39,0) (54,0
0 0 1 3 0 6 64
(23) (27.3) (26,1) (61,5)
0 0 0 0 1 0 10
(4,0 (25,0)
0 0 0 0 0 0 3
(10,0)
0 0 0 0 0 0 0 62
(62,0)
0 0 0 0 0 0 0 4 0
(10,3)
0 0 0 0 0 0 1 21 3 4
(37 (61,8) (3,00 (40
0 0 0 0 0 0 0 9 6 2
(69.2) (62 (2,1)
200 200 100 100 50 50 104 100 100 100
74 122 59 92 26 33 78 96 9 6

32,0 61,0 59,0 92,0 52,0 66,0 75,0 96,0 9,0 6,0

55

Calculated
size of the
populations Year

Bestandets  Ar
beraknade
storlek

5148 1933
1209 1934
1775 1935
1227 1936
4 267 1937
1553 1938
400 1939
— 1940
—_ 1941
2474 1942
— 1943

2 900 1944

— 1945
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from the start, representing the population at the commencement of the
experiment in 1933.

The small samples in 1935 disclosed the fact that one or, probably,
two year-classes — according to growth and age hatched in 1932 and
1933, possibly, even one year earlier — were in the process of growth.
This is also apparent from collection results in 1936, when the individual
guantity was comparatively large and the usual length equalled 11—12
cm, i. e. approximately 1 cm more than during 1935. Only isolated samples
remained of the larger perch from earlier years and during the following
years perch from these earlier generations were almost completely lacking.
The fishing in 1936, however, had severely taxed the forementioned year-
classes with small perch of the years 1935—1936, for in 1937 the number
of captured perch again decreased and samples of greater length
than 12 cm were unusual. On the other hand, small perch of 9—11 cm
and, principally, 10 cm were again frequent, particularly during the latter
part of the year, probably being 4 summers old, and in such case due
to a new, rich year-class from the year 1934, and possibly from 1935.
The following years yielded good catches, with the most common length
of i0—12 cm in 1938, and 11—13 cm in 1939. In these two years, this
year-class apparently formed the main part of the catch. The population
was, in 1940, strongly decimated. However, it was characterized by the
occurrence of somewhat larger samples which still remained, though at
increasing size and age, during the years 1941—1942. In spite of replanting
during these latter years, the samples of these greater lengths became
gradually more sparse. This indicates that the forementioned reduction
had been rather effective.

In the Autumn of 1940, an increase of the samples belonging in the
shorter groups was again observed, i. e. chiefly those of 7 cm, deriving
from a new, rich year-class probably from the year 1939. The advance
of such a year-class was clearly evident from the catching results of the
following years, 1941 showing a very marked accumulation of samples
ranging from 7 to 9 cm in length, the most common length in 1942 being
8—10 cm, in 1943 9—11 cm, in 1944 10—11 cm, and in 1945 11—12 cm.
Fig. 9 illustrates the differentiation between the size of the sexes, showing
distinctly the discrepancy in length. This will be seen to have increased
from one year to the other, when the larger females included in 1942
are omitted. No other new year-class has appeared during these years.

The marking results confirm the observations made above with regard
to the size of the population, and the great decimation of various year-
classes by fishing. The number of samples marked in the spring, and re-
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10 11 12 13 14 15 16 17 18 19 20 21 cm

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 cm

Fig. 9. Size of males and females in different years in Perch tarn I. — Storleksfordelningen
under olika ar i Abborrtjarn 1 hos hanar och honor (% av antalet).

nura.
st.

10 11 12 13 14 15 16 cm

Fig. 10. Size of perch marked in the spring and recaptured in the autumn of 1936 in Perch
tarn 1. — Storleksfordelningen hos varen 1936 markta och hosten
samma ar aterfangade abborrar i Abborrtjarn I.
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Table 10. Survey of the experiments in Perch

Total catch Num. caught in the
(num. of removed 2
samples denoted Fangade under aNnL:jm.remIZ;thg?j
Year in brackets) " plant
in the spring
A st Yoa  Summecasn o Fhsden mers
parentes antal | ; och aterutsatta
borttagna) Removed ReRlanted o ioved Replanted
borttagna " borttagna et
utsatta utsatta
1934 1394 (864) ; 50 530 8141 — 530 anft
1935 1006 (550) 100 200 4501 256 200 hbuf
1936 1299 (600) — 200 6002 499 200 brf
1937 1263 (150) 50 325 1001 788 316 v brf
1938 1326 (150) 50 462 100 714 50 frf
1939 2007 (200) 50 1119 150 688 50 h brf
1940 2203 (100) 50 1858 50 245 —
1941 1880 (50) 25 1 5455 25 285 —
1942 2 340 (85) 35 2223 50 32 100 v buf
1943 541 (50) 50 491 — — 100 anf
1944 4003 (3362) 3362 100 — 541 100 h brf
1945 1733 (1733) 1733
Marked — markta
Recapti red — aterfangade
%
1 500 caught by anglers. — Harjamte ytterligare c:a 500 fangade av ortsbor
2 4)00 caught by anglers. — Harjamte ytterligare c:a 400 fangade av ortsbor.
3 1.824 later in the spring. — Darav 1.824 senare pa varen.

4 Abbreviations, see Table 9. — Forkortningar, se tabell 9.



Tarn Il. — Sammandrag av forsoken i Abborrtjarn I1.

Num. of recaptured marked perch in different years, distributed accord-

ing to the year of marking and in percentages (in brackets) of the

total number of marked samples (after the exclusion of earlier removed,
marked samples)

Antal under olika ar aterfangade markta abborrar, férdelade pd mark-
ningsaret samt i % (inom parentes) av hela antalet markta exemplar
(efter frandrag av tidigare borttagna markta ex.)

1934 1935 1936 1937 1938 1939 1942 1943 1944

28

(5.3)

32 21

(6,4) (105)

35 18 22

(7,5) |10,1) (l,0)

10 8 10 11
vV (28 (51 (56) (3.6)

5 0 10 11 3

1,2) 6.0) (35 (60)

2 0 0 1 1

(0,5) (0,4) ' (2,0)

8 0 2 5 2 1

(1,9) 12 @16 (40 (20

1 0 1 1 0 0

0,2) (0,6)  (0,4)

0 0 0 0 0 0 2

(2,0)
0 0 1 0 0 0 2
(0,6) (2,0
0 0 0 0 0 1 1 3
1(20) (1,00 (3,0
0 0 0 0 0 0 1 1
1,00 (1,0

530 200 200 316 50 50 100 100 100
121 47 46 29 6 2 6 4 0

22,7 23,5 23,0 9,2 12,0 4,0 6,0 4,0

Calculated
size of the
populations

Besténdets
beréknade
storlek

15 417
6 724
9 991

25 517

13 567

95 300

59

Year

1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944

1945
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captured during the summer and the autumn of the same year, has often
been considerable, equalling up to 88 per cent (1936). The recapture has
comprised over 50 per cent of the number of marked samples, which
applies to all markings except three, the main part occurring during the
first or the first two years (including the year of the marking). Later,
isolated marked samples have only been recaptured in certain cases. When
a year, during which the catches have not been particularly intensive and
the recapture of marked samples consequently less frequent, has been
followed by a year with strongly intensifed fishing, the recapture of
samples marked in the previous year will also have increased. This is clearly
demonstrated by the years 1935—36 and 1937—38. It has already been
pointed out above that the cutting of the fins is ascertainable even after
many years.

A certain conception has been obtained of the growth of these samples
by measurements of length, performed generally both at the marking pro-
cess and at the recapture. In some cases, a palpable growth has been
noticeable. Thus, Fig. 10 discloses an increase in length of about 0,5 cm
among the perch marked in the Spring of 1936 and recaptured in the
Autumn of the same year. However, the marking results from other years
do not show any particular increase in length.

An approximative calculation of the size of the whole population may
be obtained on the basis of the percentage figures of recaptured and
marked perch of the first summer. The individual quantity in the po-
pulation should be related to the number of captured samples, as the
total number of marked samples is related to the number of recaptured
marked samples. The individual amount in the population has been cal-
culated on the basis of these percentage figures. Naturally, only the col-
lections made in the summer and in the autumn have been included in
the equation. It is also obvious that the figures obtained in this way refer
to the particular classes of sizes comprised in the marking process. These
figures may be seen furthest to the right in the tables, and serve to con-
firm the above statements concerning the quantity of perch during
different years.

The experiments in Perch Tarn Il. The experimental catches in this
tarn have yielded a large number of perch each year. Apart from the
samples set down in the tables, annually a few hundred, some years even
about 500, samples have been caught with ordinary hook-and-line fishing
by persons living on a farm in this district. The most frequent size at the
commencement of the experiment equalled 13—14 cm, i. e. slightly
less than in tarn no. I. Perch under 11 cm in length were very sparse.
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5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 cm

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 cm

ill. Size in different years in Perch tarn 1. — Storleksfordelningen under olika ar i
Abborrtjarn 11 (% av antalet).
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During the years 1935 and 1936, the length was approximately the same,
with but a small increase. No decimation of the population was noti-
ceable as the result of the removal of 550—850 samples under each of
these first three years. It is evident that also in this tarn several year-
classes occurred, being however so rich in individuals as not to involve
any particular reduction by the relatively insignificant fishing which took
place. A fairly large number of perch of greater lengths, i. e. 20 cm and
more, were therefore caught during several of the following years. It is
quite probable that a record perch of 35 ¢cm in length, caught in 1941,
belonged to one of these year-classes.

Apparently, these year-classes began to decrease in number during
1937, since the size groups of 14—15 cm which were so common earlier
had by then become very sparse. In all probability a decimation had
occurred in 1936 through the death of a number of the perch. Instead,
perch of a length of 9—11 cm were very common in 1937 and 1938, the
length being somewhat greater in the latter year, indicating the existence
of one or possibly two new year-classes, deriving quite probably from
the year 1933 and, above all, from 1934.

In the Spring of 1939, a very great number of the perch had a length
of 9 cm and thereabouts, having by now, in all probability, reached the age
of 3 years and deriving from a new, rich year-class of the year 1936. This
year-class can be distinctly followed during the next years, with the most
common length of 9—10 c¢cm in 1940, 10—11 cm in 1941, 11 cm in 1942,
11—13 in 1943, and 12—13 cm in 1944 and 1945. Apparently, the growth
was fairly insignificant, being less good than in the case of the large
perch of earlier year-classes. This is, no doubt, due to the abundance of
individuals in this year-class. The smaller size of 1945 can be explained by
the large number removed in 1944. Fig. 12 illustrates the difference in
length and the increase in growth of males and females belonging chiefly
to this year-class. Evidently also quite a number of larger and, without
doubt, older females are included from the earlier year-classes. Also other
irregularities have been observed.

In this tarn, as in tarn no. I, a very large population apparently
occurred from the very beginning. However, the length groups were
somewhat shorter and, no doubt, considerably more numerous than in
tarn no. I. Also in this case, the majority of the perch stopped growing
at a length of 14—15 cm. In spite of the enormously abundant supply of
food in the form of small perch, at least during certain years, only a small
amount seem to have changed over to a fish diet, revealing a subsequent
increase in growth. The number of large perch is, from an absolute point
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10 11 12 13 14 15 16 17 18 19 20 21 22 cm

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 cm

Fig. 12. Size of males and females in different years in Perch tarn 1l. — Storleksférdelningen
under olika ar i Abborrtjarn Il hos hanar och honor (% av antalet).

of view, greater here than in tarn no. I, but they are considerably fewer
in relation to the great number of individuals in the population.
Furthermore, support is found for the above-mentioned conclusions in
the results of the marking process. In 1934, not less than 530 samples
were marked. Only 28 were recaptured in the latter part of the same
year, and 32 and 35 samples, respectively, during the two following
years, which were all removed. During the next two years, another 26
samples were recaptured, not less than 8 in 1940, and 1 in 1941. This
equals in all 121 samples, or only 22,7 per cent of the total number of
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Table 11. Survey of the experiments in Perch

Total catch Num. caught in the
(mim. of removed a

samples denoted Fangade under Nlém. mlarkeg

Year in brackets) and replante
in the spring

Ar ;EOta'z antalet Spring Summer—AUtUMN  p3 varen markta

angade (inom véren sommar—hdost och &temtsatta

parentes antal

borttagna) Removed Regltzr:_ted Removed Reglt:?_ted
borttagna utsatta borttagna utsatta

1934 514 © — 250 — 264 250 anf3
1935 357 ©) — 201 — 156 201 hbuf
1936 843 (60) 60 202 581 202 brf
1937 1062 (150) 50 202 100 710 202 v brf
1938 1103 (936). 200 167 736 — 50 frf
1939 995 (348) 81 515! 267 132 317 hbrf
1940 500 (211) 34 2702 177 19 128 vbuf
1941 754 (605) 552 145 53 4 —
1942 387 (205) 205 144 — 38 —
1943 293 (25) 25 268 — — —
1944 161 (50) 50 53 — 58 49 anf
1945 82 — — 82 — — —
1 198 later in the spring. — Da&rav 198 senare pa varen.
2 142 later in the spring. — Da&rav 11*2 senare pa varen.
3 Abbreviations, see Table 9. — Forkortningar, se tabell 9.

marked perch. This is a very small figure as compared to tarn nr. 1,
where sometimes more than 50 per cent were recaptured in the very year
of marking and the total recapture of each marking amounted to consi-
derably more than 50 per cent. The results of the markings during the



Tarn 11l. — Sammandrag av forsoken i Abborrtjarn I11.

Num. of recaptured marked perch in different years, distributed accord-
ing to the year of marking and in percentages (in brackets) of the

total number of marked samples (after the exclusion of earlier removed,  Calculated
marked samples) size of the
Antal, under olika ar aterfangade markta abborrar, jordelade -p& mark- populations
ningsaret samt i % (inom parentes) av liela antalet markta exemplar Bestandets
(efter frdndrag av tidigare borttagna markta ex.) beraknade
storlek
1934 1935 1936 1937 1938 1939 1940 1944
27 2 444
(10.,8)
17 6 5200
(68 30
64 88 52 2 260
(256) (438) (257)
78 99 80 80 2 045
(312). (493) (39.6) (39,6)
75 73 46 67 22 1672
nh30,0)  (363)  (228) (33,2)  (44,0)
73 61 37 91 21 173 1097
(29,2) (30,3) (18,3) (45,0) (42,0) (54,4b-
33 70 5 57 4 136 94 460
$13,2) (34,8) (2,5) .(28,2) (8,0) (42,8) (13,4)
12 20 2 30 1 70 105 —
(4,8 (10,0) 1 d,0) (14,9 (2,0) (22,00 (82,0)
25 20 10 29 6 65 99 —
(100) (100)  (50) (144) (120) (204) (77.3)
10 4 3 20 0 32 36 —
(1,0 (20) 1 (15 (10,0 (10,2)  (28,1)
3 3 0 7 0 5 12 1 2 842
(1,.2) (1,5) (35) (18 (1 (05)
0 0 0 0 0 0 2 2
(16) (10
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Year
Ar

1934

1935

1936

1937

1938

1939

1940

1941

1942

1943

1944

1945

year 1935 and the following years are in agreement with those of 1934.
The recapture under the same year, as well as later, was invariably in-
significant, and after a few years only isolated samples were caught. The
increase in length of the marked and recaptured perch was very slight,

5 — 462271
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which is in good conformity with what has been said above regarding
the slow growth. The comparatively low percentage of recaptured and
marked perch shows that the population must have been very large.
This is also proved by a calculation similar to the one performed in
tarn no. I. This applies especially to the latest, rich year-class.

The experiments in Perch Tam Ill. The experimental catches (Table
11) in this tarn during the years 1934—1935 gave rather weak results
and comprised each year only a few hundred perch, mainly of the size
0f 14—16 cm. This length was somewhat greater than in the two other
experimental tarns. The scarcity of small samples is noteworthy in this
tarn. Thus, the population must also in this case have consisted chiefly
of large samples belonging to several earlier good year-classes. However,
these classes must have been far more scarce in individuals than were
tarns nos. | and Il. Not until in 1936 did the number of small perch in-
crease, although the medium-sized samples of 14—16 cm in length con-
tinued to be the most common. In 1937, the latter still holds good, with
the exception that now also the 12 c¢cm group was fairly rich in indivi-
duals. In the following year these two length groups of 11—13 and 15—17
cm, respectively, predominated. The more abundant occurence of small
samples during the last years is due to an addition from the new year-
classes of 1933—1935. This is also confirmed by the increased amount
in the catches from one year to another. In 1938 a strong reduction of
particularly the small samples was performed. This was reflected in the
next year by a scarcity of perch in the sizes 11—14 cm. Larger samples
were, however, still common and now for the first time, in addition,
a considerable amount of small samples of 7—8 cm in length were noted.
This concerns the Autumn fishing of 1939. The perch were at that time
probably 2 summers old, and belonged to a rich year-class deriving from
the year 1938. In the Spring of 1940, principally the earlier, larger length
groups were caught, while they were very scarce in the Autumn. On the
other hand, an abundance of perch of 10—11 cm in length were caught
at the latter part of the year, probably belonging to the forementioned
year-class of 1938 in spite of their unusually good growth. The abundance
in this year-class is evident from the fact that, notwithstanding the
removal in 1939 of a large quantity of smaller samples and, in 1940, of
all captured samples under 14 cm in length, there still remained in 1941
a profuse amount of these small perch. Not less than 605 samples were
removed in this year, and the reduction during these three years had,
apparently, now become so effective as to render sparse the samples in
the year-class of 1942. However, they also occur in the collections from
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later years. They have then a chance of growing up and presenting several
large samples of 20 cm and more in length.

Further, in 1941 the reduction in the larger length groups was con-
spicuous. These groups, which belonged to the year-classes occurring at
the commencement of these experiments, had been very abundant through-
out the period of 1934—1940, while they seem to have disappeared to a
large extent in 1940. Since they have not been removed, this disappear-
ance must be due to their death owing to, possibly, a competition for food
from the vigorous, growing year-class of 1938.

The marked, recaptured perch in this tarn have invariably been re-
turned. Since it has not been possible to obtain for a primary marking
a sufficient number each year of samples not previously marked, a com-
paratively large quantity have been subjected to this process several
times over, even for three successive years. However, it has not proved
difficult to distinguish between the various markings. As will be seen
from the table, the recapture has almost without exception been con-
siderable, the large recaptures from one year to the other being par-
ticularly noteworthy. This concerns the marking of each year. In the
years 1940 and 1941, a pronounced reduction in the percentage of re-
capture of earlier markings was observed, which is in fair agreement
with what has been said above regarding the probable mortality in the
year 1940.

Fig. 14 shows the annual increase in length in one of the marking
experiments, similar results having been arrived at in all these experi-
ments. The growth is extremely slight, which serves to prove that the
large perch in the collections of 1934—42 belonged to the same year-
classes. When, in 1934 or perhaps even earlier, they attained the normal
size for the tarns, the growth rapidly decreased or almost stopped, but
the perch are still living. At any rate, the high recapture percentage of
marked perch in certain years in tarn no. 11l indicates that the population
has not been particularly rich in individuals. This applies particularly, as
seen from the calculations, to the latter years when a great number of
small samples were removed.

The following data may be derived from a summary of the experi-
mental results of examinations in the three Perch Tarns. In all the tarns
at the commencement of the experiments, the populations of perch had
principally a length of 12—16 c¢cm and an age of from 5 to 6 years or
more. Smaller samples were rather uncommon. Even bigger perch were
sparse, although several perch were found of a length of up to 20 cm.
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10-11 11,5-125 12—14 14,5-155 16-17 17,5-185 19—20 20,5-21,5 cm

10—11 11,5125 12—14 14,5-155 16—17 17,5-185 19-20 20,5-21,5 cm

Size of perch marked in the spring 1935 and recaptured in the following years.
__ Storleksfordelningen hos varen 1935 markta och under féljande ar
aterfangade abborrar i Abborrtjarn 111 (antal ex.).
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The marking experiments, as compared to the earlier investigations of
age, have shown that this is due to the fact that the majority of perch
stop growing at the forementioned size of 12—16 cm, even though they
may live on for several years afterwards. However, at a higher age a
greater mortality sets in. Occasional samples differ from the rest by
continuing to grow and consequently attaining a greater length than
the others. These perch with a more rapid growth, nevertheless, form
exceptions from the general rule in the lakes concerned.

Owing to the fact that every rich year-class stops growing, so to speak,
at the forementioned size although the individuals may all the same live
on for long, an accumulation of these relatively small perch, of approxi-
mately the same size but of different ages, takes place. Since in reality
new year-classes of any significance only appear in certain years, the result
is that the individual quantity in the younger growing year-classes be-
comes smaller, and the number of older and more equal-sized individuals
in several older age groups proportionately bigger. The population will
then chiefly consist of perch of a fairly even size, while the larger as well
as the smaller perch are more or less unusual. When a new, more abundant
year-class comes to and grows up, frequently an intense competition for
food will probably occur between them and the older individuals, with
subsequently increased decimation among the latter. Accordingly, for a
few years perch of a variety of sizes will be met with. A tarn, intact
from the point of view of fishing, will however, as a rule, disclose a greater
or smaller number of perch of a certain length, which may, of course,
vary in different quarters and under different years, but mostly ranges
from 12 to 16 cm.

Further, it has been found that rich year-classes have only appeared
in certain years, the multiplication in the between years having been
very poor. However, this does not seem to be in any way connected
with the number of spawning perch. The year-class of 1934 in tarn no.
I derived from a year with a numerous population, while the year-class
of 1939 came from a year with probably rather a weak population. On
the other hand, the rich population in 1937 has not given rise to a more
abundant year-class.

There are, apparently, other reasons for the lack of certain new year-
classes. Thus, as demonstrated by investigations in the U.S.A. by
Eschmeyer (1937—38) and pointed out by TAGSTROM (1940, 1943),
a decimation by the larger perch is quite conceivable. Eschmeyer
contends, on the basis of direct observations, that even perch in their
third year of life feed to a great extent on the two younger year-classes,
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decimating the latter so severely that they themselves later die of starva-
tion. In this way, only the year-class deriving from the few remaining
samples of spawning, three-year-old perch have a chance of growing up.
For this reason, principally one single year-class should predominate
each year, and perch exceeding an age of 3 years should be rare.

It is possible that the numerous bigger perch in the tarns, during
the years preceding the commencement of the experiments, consumed
the smallest young ones. It seems strange, otherwise, that no samples
of the length groups of 10 cm and below it from younger year-classes
were noticed, which occurred during the later years, though only in
small numbers in certain years. As mentioned above, perch of the size
of 12—16 cm but rarely appear to eat fish. Thus, only the sparse, larger
samples can be regarded as fish-eaters. It is, moreover, quite conceivable
that, during the course of the experiments, and in spite of the presence
of an abundance of bigger perch, new rich year-classes have been capable
of growing up.

No doubt, the quantity in the various year-classes is also dependent
on other factors, such as the question of the supply of food for the weak
spawn, the wind and wave movements which may to a great extent
decimate the extremely delicate perch spawn. Furthermore, it must be
remembered that the conditions for good spawning results are, probably,
rather unfavourable in these tarns with their precipitous, tufty shores
and loose bottom. Therefore, in all likelihood an interplay of favourable
factors is necessary for the appearence of a rich year-class.

The experiments have, furthermore, shown that a large catch may
immediately affect the size of the population. The collections in tarn
no. I were so intensive as to decimate rather rapidly the original
population, as well as to hinder in the future the growing up of new
year-classes to higher age and greater size. At least two such rich year-
classes from the years 1934 and 1939 have clearly demonstrated this,
the former having quickly decreased in number, although sparse, growing
samples occurred for several years. The year-class from 1939, on the
other hand, has been allowed to grow up owing to the fact that it has
not been decimated by fishing and is therefore still numerous. In tarn
no. Il, the small reduction by fishing has had no noticeable effect in this
particular respect. In tarn nr. Ill, as in nr. I, the occurrence of a new
year-class has been prevented by intensive fishing during the latter
years. In this way a small-sized population may appear owing to the fishing
which has hindered the individuals from growing up. However, the
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reasons for a small-sized population of this particular kind differ from
those typical of these tarns.

Finally, it has been established that the reduction-experiments per-
formed in tarn no. I, and partly also in tarns nos. Il and Ill, have not
given any marked results as regards increase in growth. The results
from the marking of 1934 in Perch Tarn | indicate, it is true, that
the thinning out of the individual quantity in the population has involved
that large perch were more frequent than before. However, the catching
has later been carried on so intensively as to prevent a fairly great num-
ber of these perch from growing up. The later markings in this tarn, as
also in tarn no. I, disclose but an insignificant increase in growth. Nor
have similar decimation experiments in America revealed any palpable
increase in growth. However, this was in fact observed by Eschmeyer in
Ford Lake, Michigan. But in this case large quantities of minnows had
been planted, and Ford Lake is of a type quite different from that of the
tarns concerned here (i. e. of an oligotrophic type with fairly high pH
value).

From what has been inferred above, it will be seen that in lakes of
the type dealt with in the present work, the abundance of small perch,
frequently of rather an even size, is due to the rapid decrease in growth,
the fairly long life, and, consequently, an accumulation of individuals
of a certain size, as well as to the absence of new year-classes for, at
times, several years in succession. The stunted appearance of these fish
has therefore nothing to do with the intensive fishing, nor with the
gradual reduction in growth by net fishing, as assumed by TAGSTROM
(1938), owing to the fact that only individuals with particularly bad
growth would be left to have the opportunity of propagating a perhaps
bad capacity of growth. Furthermore, this is contradicted by the extre-
mely rare occurrence of fishing in these tarns.

The question is then, what is the reason for the rapid decrease in
growth among the individuals in these perch populations. It may be
due to hereditary factors, as will be discussed later. However, a more
likely answer is to be found in the matter of environment. Thus, it is
quite sure that these tarns and similar lakes are highly unfavourable
for the fishes. The hypolimnion is always either entirely or almost free
from oxygen-gas and has a very low temperature (Brtjndin 1942, AIm
1943). The greater part of the lower water regions of a lake of this type
will, accordingly, be more or less unsuitable for the fish and only an
upper layer of water, of but a few metres in depth, may be counted on
as appropriate during the greater part of the year. Experiments with
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deeper-going nets have., in fact, shown that either no perch have been
captured in the deeper parts of these nets, or else the few individuals
caught have been dead. They have not been capable of enduring the
strong decrease in oxygen-gas for a longer period of time, although they
have been able to make short excursions into these layers of the water.
In direct experiments, Pearse and Achtenberg (1917—18) were in a
position to prove that the perch can stay for a fairly short time without
injury in water that is almost free from oxygen-gas. Even though the
sparse bottom fauna in these tarns can to a certain extent be made
use of, principally the plancton in the upper water layers, the lithoral
fauna, and the bottom fauna nearest the shores will be at the disposal
of the fish as a source of food. Since these faunal elements are compara-
tively scarse, as already mentioned, the supply of food for the fish becomes
rather small in the majority of these tarns.

It has frequently been suggested in the literature (Eckerbom 1937)
that the deficiency inJ'ood consisting of small animals should be compen-
sated for by the rich supply of small perch. Thus, the greater the amount
of perch of the first age-groups, the greater the extent to which these
individuals would be consumed by the somewhat older perch. The latter
would, accordingly, be stimulated to better growth, i. e. this would be
an example of Eschmeyer’s phenomenon, referred to above. However,
this does not, as previously mentioned, apply to the tarns concerned
here, since the perch does not, apparently, change over to a fish diet
to any very marked extent and, further, owing to the fact that in many
cases small young perch only occur in slight quantities. The inconsistency
between this and the forementioned result from Eschmeyer’s experiment
may, possibly, be explained by the use of a different type of lake than
the tarns. The surroundings consist of highlands and wooded country,
the shores and bottom of sand, the water is clear (transparency =
= 7—8 m) and, above all, alkaline (pH mostly 8—9). Since, as mentioned
above, the growth is apparently better in the American waters, it is
perhaps quite natural that the perch there have changed over to a fish
diet even at a relatively low age.

However, conditions are different in the tarns. The supply of food
is more scarce than in lakes of another type, and the forementioned
temperature and oxygen-gas conditions, without doubt, cause an abbre-
viation of the period of growth. Nor is it altogether out of the question
that these factors, as well as the degree of acidity of the water, may reduce
the appetite and, perhaps, also cause the change to a fish diet to become
less common than supposed.
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This can be illustrated as follows. The consumption of a sufficient
amount of nourishment should not provide any particular difficulty as
regards the first age-groups, where plancton form the main food and
the fish are, as yet, of a small size. Whith an increase in the individual
size and the demand for bigger organisms as food, on the other hand,
a great difference is noted. There is, inevitably, a very strong competition
for food, as well as direct difficulties of finding adequate quantities and,
possibly, a lack of the required stimulant (i. e. suitable temperature
and degree of acidity) to cause a change to a fish diet.

The occurence sometimes of a population which is exceedingly rich
in individuals will offer an added complication. A comparison between
the area of the three tarns and the calculated individual number at the
commencement of the experiments will show that there are approximately
4,—26 and 6,—m? of water area to every individual. In this connection,
it should be borne in mind that this only applies to samples of a some-
what greater length, while those belonging to the first age-groups have
not been included. Thus, the populations must have been a good deal
larger. In certain recent years, the individual number became so large
in the case of tarn no. Il as to leave less than 1 m? to each individual.
Moreover, owing to the deficiency in oxygen-gas in the hypolimnion, as
mentioned before, only a comparatively thin upper layer of the water
will be at the disposal of the fish, except at very short periods. Accor-
dingly, the volume of water for each individual will be extremely small.
The experiments in Lake Windermere in England (Worthington 1941,
1943, Le Cren 1944) also show that the fairly stunted perch population
there was very numerous. Thus, in this lake of approximately 900
hectares, not less than 25500 Kg (i. e. over 1 million) and 30.500 Kg
respectively, of small perch were caught during the years 1941 and 1942.

For the sake of comparison, it may be mentioned that, in the poisoning
experiments performed by Eschmeyer (1938, 1939) in different American
lakes, the populations were far from being so large (one perch out of
9 to 40—50 nr) and, in addition, consisted mainly of the youngest age-
groups. Thus, in a lake of 13,5 hectares, apart from bass and some other
fishes, 2.826 perch were obtained. Among these, not less than 2.678 were
only 1 year old, 131 2 years old, and only 17 3 years old or more. In
another case, in a lake of 17 hectares, 3.615 perch were caught, the
majority being not more than 2 years old. The densest population
equalled almost 5.000 samples (approximately 170 Kg) in a lake of 47
hectares, and approximately 1.700 samples (approx. 38 Kg) in a lake
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of 15 hectares, corresponding to approximately 35 and 23 Kg per hectare,
respectively.

Furthermore, the attempts at decimation by fishing in the tarns reveal
that rather considerable weight quantities of perch may be collected
annually from these lakes. In Table 12, regarding Perch Tarn I, a classi-
fication has been made between various length-groups, the mean weight
of each group having been calculated. In this way, an approximative weight
value of the collected perch has been arrived at. However, these values
have been found to be comparatively definite in a comparison with the
values obtained at a detailed calculation of the weight value of each
length-group. During the years when more extensive fishing has taken
place, 82 Kg or 13,7 Kg per annum (corresponding to 6,5 Kg/hectare) were
caught. In Perch Tarn Il similar calculations revealed that during the
years 1934—36 a total of 69 Kg, corresponding to 23 Kg per annum and
5,8 Kg/hectares were removed, and during the years 1944 and 1945, not
less than 76 and 21 Kg, respectively, or 19 and 4 Kg/hectare, respectively.
Finally, in Perch Tarn 11l during the years 1938—41 a total of 65 Kg
and 16,3 Kg were collected annually, i. e. 10,9 Kg/hectare. In certain tarns
with small perch, however, they are by no means as common, sometimes
even rather sparse, although stunted.

Even though it is in several cases a question of over-population, the
matter must also be viewed in another aspect. It may be expressed in the
following manner. The conditions of feeding for attaining a larger size
among a great number of fish are lacking in these tarns, while they may
offer fairly good facilities for small fish that feed on plancton. Because
of this, a reduction of the population by intensive fishing becomes rather
useless. The reduction has to be extremely severe if any result whatsoever
is to be gained. However, such a reduction will then affect the population
so heavily as to leave only a few individuals the opportunity of utilizing
these more favourable conditions of feeding. Therefore, a reduction of this
kind has, apparently, no practical value.

Nor is it even certain that a small number of perch would be able to
find sufficient food so as to grow into large samples. The insect larvae
and the several larger organisms required are so scarce that time would, no
doubt, be lost merely in seeking them out. Conditions similar to those
of a rather unsuitable fish pond have, to a certain extent, to be taken
into account here. All experiences indicates that a pond of this type is far
better utilized by spawn and small fish than by large samples. The small
individuals, which do not need large organisms for food, have a fairly
good supply of plancton at their disposal, while the large samples have
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to spend too much effort seeking out the more sparse bigger organisms
which form their principal diet. These conditions have been studied in
detail by Walter (1934), and in part also by H. Nordqvist (1932), with
regard to the carp and the tench. However, they can undoubtedly be
applied also to natural waters.

The planting of large quantities of minnows (small roach, small alburn,
etc.), would perhaps improve matters. Still, it should be observed that
minows are difficult, if not impossible, to procure in several quarters.
Further, these minnows will hardly produce settled populations, even
though they may thrive and spawn in these lakes, on account of the lack
of food and the cannibalism of the perch. Nevertheless, experiments are
being continued with these fishes.

b. Experiments in the Big Holm Tam (Stora Holmtjarn).

It may, no doubt, be taken for granted that the conditions in the perch
tarns, referred to previously, and in other small lakes of a similar type
have invariably been most unfavourable, resulting in the non-occurrence
for long periods of time of large-sized perch populations. On the other
hand, there are many lakes, where the perch has earlier been large-sized,
that now contain only small-sized perch. Therefore, the finding of a lake
of this particular type in the Kélarne region, viz., Stora Holmtjarn, (See
Table 2) was of great value for our investigations. This lake comprising
16 hectares, is of a common type, being surrounded by wooded territory,
with chiefly stony shores and sparse vegetation. Only the bottom water
are either deficient in oxygen-gas or completely lacking in it for a certain
period of the year.

Since this lake has a rather distant locality, the experiments have had
to be committed into the hands of persons living in the neighbourhood. The
experiments have, consequently, not been performable to the same extent
with regard to the collection of samples and measurements as in the perch
tarns. However, they have offered very interesting results. According to
reports from reliable persons, the perch in this lake at the beginning of
the twentieth century was large-sized and caught by net or hook-and-line.
No other kind of fish has been found in this lake before. However, a few
years ago, gwyniad and char were planted. A year or two after the first
World War, all fishing was prohibited since it was feared that the until
then intensive fishing should have damaged the perch population. This
stipulation was maintained right up to the latter part of the third decade
of the twentieth century, thanks to the occurrence of other good fishing
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waters for the villagers. When fishing was resumed, large perch were
practically non-existent according to information received, while there
was a profusion of small perch. The perch population in this lake was,
accordingly, entirely stunted. This interesting observation resulted in the
inclusion of also this lake in our experiments which had already been
going on for several years in the three Perch tarns. As a matter of fact,
everything favoured the assumption that the stunted appearance was
in this case due purely to over-crowding, and that a strong decimation
of the population would improve growth and increase the size of the fish.
Thus, after having conferred with the holders of the fishing rights, an
intensive decimation by fishing was started, at first principally with traps
of 1/2—3/4 inch mesh size, later also with nets of varying mesh size and
with hook-and-line fishing. During the year 1937 about 25.000 perch
were removed, during 1938 about 7.000, during 1939 about 2.000, during
1940 about 3.000, during each of the years 1941 and 1942 about 2.000, and
during 1943 about 1.500 samples. In addition, during 1938 and 1939,
branches were laid out along the shores, in which the perch especially liked
to spawn, and then they were taken away again.

The results of the measurements performed in connection with the
decimation by fishing are illustrated in Fig. 15. The most frequent size
was 14—16 cm in 1937 at the commencement of the experiments, and
only a few perch exceeded this length. In the very next year, the mean
length had increased and larger perch were more common. During the
subsequent years, this becomes still more evident, with an increase of the
mean length from year to year, and gradually more numerous samples
of over 20 cm in length. During 1943 one perch was measured to equal
37 cm, and 6 were 32 cm. The increase in size throughout is conspicuous.
Evidently, the lake had by now, as was the case earlier, a normal, fairly
large-sized perch population. The many peaks in the curves show simul-
taneously the occurrence of several year-classes.

The stunted appearance in this lake is, apparently, due to an over-
crowding and too small a supply of food for each individual, with subse-
quent deterioration in growth. The following reduction was effective
enough to increase greatly the supply of food for the remaining perch,
and facilitate added growth. However, the population has, on the other
hand, been so large as to let quite a great number of perch in the younger
year-classes grow up and benefit from the increased supply of food for
each individual. Table 13 shows the marked discrepancies in this repect
occurring between Holmtjarn and Perch Tarn I. The results of the re-
duction by fishing in these two lakes are rather different.
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30 cm

10 12 14 16 18 20 22 24 26 28 30 Cm

Fig. 15. Size in different years in Holmtjarn. — Storleksférdelningen under olika &r
i St. Holmtjarn (% av antalet).

Furthermore, the experiments in Holmtjarn indicate that, in a lake
with good spawning facilities for the perch, a reduction of the population
by direct fishing, so as to bring about a stunted appearance of the fish,
owing to the fact that no perch have the opportunity of growing up and
attaining high age and big size, is a very complicated matter. The earlier
fishing in Stora Holmtjarn gave reversed results, i. e. the perch became
large-sized at intensive fishing, and small when the fishing was discontinued.
It can, therefore, no doubt be assumed that, in the cases where the lakes
are favourable with regard to spawning and the appearance of new year-
classes, the occurrence of stunted perch populations is due merely to over-



80

Table 13.

Mean length in cm in different years. (Number in brackets.)
Medellangd i cm under olika ar. (Antal inom parentes.)

Year Perch Tarn 1 St. Holmtjarn
Ar Abborrtjarn 1
12,1 (526)
12,8 (284) —
12,2 (1 080) —
10,3 (818) 15,3 (746)
10,9 (1 649) 16,3 (515)
12,1 (696) 17,1 (317)
10,9 (327) 18,3 (112)
9,0 (946) 19,2 (205)
9,2 (1842) —
10,3 (276) 23,0 (100)
10,9 (726) 20,5 (2 494)
11,2 (446) 21,0 (576)

crowding, caused by insufficient fishing. In lakes of this type, which in
many instances are not particularly unfavourable from the point of view
of food, an intensive reduction by fishing may fairly soon involve an
increase in growth and size.

A number of experiments have been performed with the intention of
decimating stunted perch populations by the planting of 1-summer pike,
plancton-eating gwyniad, and young trout, all however without success.
Direct poisoning experiments have, on the other hand, not been resorted
to, as in certain American lakes.

3. Transfer of perch from stunted populations
to other waters.

It has been made clear above that the reduction experiments in the
Perch Tarns have not afforded any results with regard to the increase
in growth and size, apart from certain individual samples. In lakes
of a different type (Holmtjarn), on the other hand, satisfactory results
have been achieved in this way. Accordingly, stunted perch populations
in unfavourable surroundings may easily be supposed to have gradually
transformed into genotypical, stunted races in the course of the years by
means of natural selection. This is a matter of great practical significance



81

and several experiments have been made with a view to solving the
problem. The experiments have comprised a direct transfer of stunted
perch to other lakes and ponds, as well as the rearing of spawn deriving
from the roe of stunted populations.

a. Transfer of older perch.

The transfer of grown-up samples of stunted perch populations has
taken place from the Perch Tarns | and Il, as well as from certain
other tarns. Great care must be observed in the course of these experi-
ments. The perch must not be injured in the fins or otherwise, since this
might easily cause fungal growth with subsequent marked mortality.
The experiments have involved a transfer to other lakes, as well as
to ponds. In the former case, the intention was partly to examine the
possible increase in growth of the transferred individual, which had there-
fore been marked by the cutting of the fins as well as by direct marking,
and partly to find out whether the cross-breeding of a previous, newly
introduced perch family would produce an improved growth in the off-
spring. The only positive result hitherto obtained is that of a transfer
in the Spring of 1935 of 100 perch, 12—16 cm long, from Perch Tarn
11 to Barntjarn (Kélarne). This lake which was formerly devoid of fish,
has an area of 2 hectares, and is 3,8 m deep. It has a marked thermocline
and there is a deficiency of oxygen-gas in the hypolimnion. The pH value
equals 6,5. The lake earlier contained planted tench which however died
out, probably owing to a deficiency in oxygen-gas during a severe winter.
Test fishing in the Autumn of 1937 gave 4 perch 26, 27, 28,5 and 28,5 cm
long, respectively, and weighing between 250 and 350 grammes. Three
of these were females and one a male. All of them were caught in a net
with a 3,6 cm mesh size. None were caught in the finer and coarser nets
laid out at the same time. These perch had, apparently, increased about
12 c¢m in length during the three summers in Barntjarn, which must be
considered as an exceedingly good growth. Unfortunately, later experi-
ments have been negative. In all likelihood, the perch has, like earlier
the tench, died out as the result of suffocation. The experiment shows
that, at any rate, some of the transferred samples have had a very good
latent capacity for growth which has been manifested immediately in
the new environment and, in view of the lack of fish, undoubtedly rather
favourable conditions as regards food.

However, it is evident from the experiments with transferring of stunted
perch to ponds at the Institute of Fishery Research at Kalarne, that this

6 — 462271
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Table 14.
Increasing length of perch, caught in Perch Tarn | and later reared
in ponds. — Langdokning hos fran Abborrtjarn 1 till damm
vid Kalarne overflyttade abborrar.

Increasing Length in cm — Langd i ¢cm
Date Number Mean 1. mean 1
Tid Antal Okning

good, latent capacity for growth is not characteristic only of certain
individuals, but applies to all these stunted perch. Three experiments of
this type have been performed, certain results being reproduced in Table
14. The first two experiments included perch from tarns nos. 1 and I, the
third one the transfer to one and the same pond of an equally large
number of approximately equal-sized perch from tarn no. Il and from
Gransjon, distributed at approximately the same proportion of females
and males. In all the experiments, along with the perch a comparatively
large number of equal-sized trout and grayling were kept in the ponds.
In addition, special feeding also took place. The feeding conditions in these
ponds must have been fairly good.

At each of the first two experiments, 50 perch were planted of a size
normal for the tarns. At first the experiments were carried out in different
ponds, later in the same pond, with marking of the perch from one of the
experiments. After 10 and 9 years, respectively, in the ponds, in thé
Autumn of 1942, 17 and 19 samples, respectively, remained of these
perch. In the following Spring, when the experiments were discontinued
owing to too intensive a decimation, attaining a number of only 12 and
13 in either experiment, the perch were found to include 3 males and 9
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females in experiment no. I, while there were 3 males and 10 females
in experiment no. 1l. Considering that at the transplantation the number
of males undoubtedly exceeded that of the females, the losses or natural
mortality had, apparently, been greater among the males.

Growth was best during the first years with an annual increase of, on
an average, 2—3 cm. During later years, growth generally decreased,
but did not, however, actually stop. Unfortunately, on account of the
fact that in the first years spawning had taken place before the exa-
minations in the spring, the sexes had not been kept apart until during
later years when the results disclosed continued growth also in the males.
Thus, the mean length in the Spring of 1943 in experiment no. 1 was
27,0 cm for the males and 33,9 cm for the females, and in experiment no.
Il 29,0 and 27,2 cm, respectively. The distribution in size increased with
the years. The perch in experiment no. I, further, showed throughout a
somewhat better growth than in experiment no. Il. The increase in
length in the former experiment equalled, during the 10 years, close on
20 cm, being in the latter between 13 and 14 cm, during the 9 years’ period.
Both experiments definitely prove that these transferred perch from stunt-
ed populations in their new environment show a far better growth than in
the tarns where, as already mentioned, samples exceeding 20 cm are but
rarely caught. In addition, this has concerned all the transferred individuals.

This is, moreover, confirmed by the third experiment which was per-
formed for the purpose of comparing the increase in growth of perch
from a stunted and a normal-sized population, as previously mentioned
Perch Tarn Il and Gransjon. The mean length was, at the beginning and
at the end of theexperiment, asfollows:

Perch Tarn 11Spring 42Males 122 cm (41 sl)females 12,3 cm (32 s)

» 44 » 197 cm (17 9) » 20,3 cm ( 85)
Gransjon » 42 » 125 cm (42 s) » 130 cm (27 )
» 44 » 20,0 cm (28 s) » 202 cm (135s)

1 s = samples.

The growth during the first year in the pond was particularly good
with approximately 6 cm in both the perch families. During the later
years, on the other hand, growth deteriorated. However, no marked dif-
ference was noted between the two families. The females showed better
growth than the males, notwithstanding the fact that males and females
had from the start been purposely selected with a fairly equal size.

It is conceivable that the perch concerned in these experiments had a
bad start, so to speak, on account of their stay, during the first years of
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life, in the unfavourable tarn environment, with an early sexual maturity
and subsequent deterioration in growth. They have, therefore, perhaps
not been able to display their whole inherent capacity of growth, when-
ever such a capacity has existed. On the other hand, this would be possible
if roe were taken from stunted perch of this type in the tarns and the
spawn was later allowed to grow up in better surroundings from the start.
Several experiments have, in fact, been performed in this direction, as
will be accounted for below.

b. Transfer of perch spawn and young perch, from
stunted populations.

Three small lakes of little value were selected for the planting experi-
ments with spawn and young perch, first brought up in ponds. One of
these lakes caused suffocation during certain years, while in another
lake the possible occurrence of a stunted population could not cause any
particular damage, and in the third lake perch occurred even before the
experiments.

In the Spring of 1938, in the V. Vontjarn (2 hectares, 3,3 m deep,
pH 62, transparency 14 m) which was deficient in fish, 1.000 newly
hatched spawn from Perch Tarn Il were planted. In the Autumn of
the same year, 10 1-summer old perch were caught with the following
lengths:

Length 11 11,5 12 cm
Number 4 2 4

Thus, the growth was exceedingly good. Later fishing experiments have
all given negative results, without doubt due to the fact that the fish
have died of suffocation in the shallow lake.

The second experiment was performed with 1-years old perch in the
Spring of 1936, when 300 were planted in Bodtjarn (2,5 hectares, 3,8 m
deep, pH 6, transparency 2,2 m). This planting proved of great interest.
Owing to the fishing experiments made every autumn and, in the last
years also in the spring, good information has been obtained with regard
to the growth (Table 15). At the fishing, nets of varying mesh size have
been employed and, during the years 1944 and 1945, also traps. At the
planting, the length varied between 4 and 7 cm. The first fishing experi-
ment was made in the Autumn of 1937, when 67 now 3-summer old perch
were collected. The mean length equalled 19,8 cm, which must be regarded
as an exceptionally good growth with, on an average, approximately
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7 cm per annum. 28 males and 30 females among them had strongly
developed gonads and were to spawn in the following spring. The males
had undoubtedly spawned already in the spring. Unfortunately, the
length of the two sexes was not noted. This was, however, done in the
following years (see the table) and the growth was even then good.
During 1939, 5 small perch were caught by hook-and-line fishing and in
finely-meshed nets equalling 8—13 c¢m in length, probably being 2-sumnier
old deriving from the first spawning run in the Spring of 1938. In the
Autumn of 1940, only 5 large females, but no small samples, were
obtained. During each of the two next years, on the other hand, 16 and
17 small perch were caught, respectively, now equalling 16—20 cm in
length, and probably deriving from the new year-class of 1938 being,
accordingly, 4-summer and 5-summer old. Only isolated large females
were collected simultaneously. During the year 1943, the experiments
failed to give any results, while during the following years, several hund-
reds of chiefly small perch, 12—13 cm in length, were caught each year.
The age of some of the samples examined in 1944 was 4—6 years. They
accordingly come from generations hatched in the Springs of 1939 41.
Also two samples from the generations which were planted first were
obtained in the Spring of 1944. Strangly enough, the generation of the
year 1938, which gave samples of 16—20 cm as early as in 1941, did not
manifest itself in large individuals. This would imply that a certain de-
terioration in growth had already occurred. The bad growth in the later
generations, as compared to that of the planted perch, is at any rate
noteworthy in this connection.

During the Spring of 1944, 25 males and 25 females were marked by
the cutting of fins. 4 of these females were recaptured, one in the Autumn
of 1944 and three in the Spring of 1945, corresponding to 8 per cent of
the number of marked ones. This would, in a catch of 267 perch, cor-
respond to a population of approximately 3.000 individuals. This would
then explain the occurrence of a lack of food, causing the growth to
deteriorate and giving rise to a stunted population. Thus, the experiment
shows that in the case of the generation planted first, with only a few
individuals in proportion to the area of the lake, very good growth had
been attained, as well as the rapid appearance of new rich generations,
and finally, in connection with this, a strong decrease in growth and size.

In the Spring of 1938, 143 3-year old perch, deriving from the spawn in
the Perch Tarn Il were taken from Kaélarne and planted in Kyrk-
tjarn (see Table 2). The mean length equalled 11,2 cm. All the perch were
marked by the cutting of the anal fins in order to distinguish them from
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the original perch in this tarn. 145 of these samples were caught simul-
taneously with a mean length of 18,7 cm. They were marked in the left
abdominal fin and replanted. During the years 1938—1944 a total of 007
samples were caught by nets with a mesh size of 25—s,7 cm, 30 being re-
captured of those marked from Kalarne, and 36 of those from Kyrktjarn.
This corresponds to about 20 and 25 per cent of the number of marked
samples, and indicates in this case a fairly large population. The mean
length in centimetres of the marked samples which were invariably re-
moved during the various years of collection is tabulated below (the
number of samples is denoted in brackets):

Year Kélarne Kyrktjam Year Kalarne Kyrktjarn
1938 ... ... 18,0 (1) 19,8 (5) 1942 ... — 195 (2)
1939 ... ... 150 (8) 18,0 (8) 1943 ... ... 18,0 (3) 21,0 (1)
1940 ... ... 16,5 (8) 18,5 (6) 1944 ... ... 21,0 (1) 19,8 (10)
1941 ... ... 17,3 (13) 18,2 (14)

The lack of smaller samples in Kyrktjarn during all the 7 experimental
years is conspicuous. However, it is probably partly due to the fact that
nets of a finer mesh size and traps have not been made use of. This may
serve to explain why such a slight number of the smaller Kélarne perch
have been recaptured. Judging from the size of the recaptured and marked
samples, the growth has not been particularly good in any of the cases
concerned, although it is perhaps somewhat better regarding the Kélarne
perch, considering their smaller original size. This bad growth is, with-

out doubt, dependent on the lack of food, due to the great size of the
population.

4. Rearing of perch in ponds from the
size of spawn.

Experiments of rearing perch spawn and young perch in ponds have
principally been performed at the Institute of Fishery Research at Kélarne,
supplemented by experiments also in the ponds at the hatching stations
at Alvkarleby (Upland), Drottningholm (Stockholm), Harvik (Danne-
mora, Uppland) and Aneboda (Ugglehult, Smaland). As a rule, the ova
has been fertilized and hatched at the various institutions.

More than 30 ponds occur at Kalarne of an area varying from 300 to
700 m2. The size of the latter type, which have chiefly come to use in the
present experiments, equals 80—90 X 8 m, the depth being 05—1 m.
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The water volume is therefore about 500 m3. The water supply is
approximately 100 lit/min in the smaller and shallower summer ponds,
and 200—250 lit/min in the bigger and deeper winter ponds. The water,
which is taken from the river Ansjoan, about 500 m from its issue from
Ansjon, is comparatively clear with a pH-value of about 7,0. The tem-
perature amounts to a maximum of 22—23° C.

At Alvkarleby, newly hatched perch spawn arrive annually with the
afflux water to a larger salmon spawn pond near Hyttén. This is always
found, in the autumn, to have resulted in large or small quantities of
1-summer old perch in this pond. The same applies to several ponds at
the Harvik hatching station.

When rearing perch spawn, it should be borne in mind that no cross-
current must occur. However, the rearing often has proved a failure
during the first summer. During later years of life, on the other hand,
rearing has generally been successfull, although large and apparently
inexplicable losses have been made at times. The number of samples
received by drawing the ponds has sometimes exceeded that of the planted
samples in these experiments. This is due to the fact that, at the previous
examination, some samples have remained in the pond without being
observed. Since the experiments have mostly continued in the same pond
year after year, this is a matter of no significance. The marking by cutting
of the fins has, to a great extent, been adopted in order to distinguish
between different groups, sexes, etc.

The rearing of certain year-classes has in some cases been continued
right up to the age of 10 years (summers). In other cases, the experi-
ments have been discontinued before then. Measurements of length,
weighing, sex determination, and the examination of spawning maturity,
etc., have taken place each spring (about 1st June) and autumn (about 1st
Oct.) when the ponds were drawn. Thus, it may sometimes be a question of
the age in summers, at other times, the age in winters. In view of the
fact that, as will be shown later, growth practically ceases during the
cold season, this is a matter of little consequence.

The purpose of the present experiments has been, partly to examine
the growth of the offspring of stunted populations as compared to the
offspring of populations with a rapid growth, and partly to study, in
connection with the problems referred to earlier, the important, funda-
mental questions regarding the dependence of growth on various factors
(such as environment, density of population, sex, heredity, etc.), as well
as the sex ratio and the relationship between sexual maturity and growth.
Since direct experiments have hitherto been performed on a very small
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Table 16.

Length and age of perch reared in ponds. Number of different length-groups.
— Antal exemplar av olika langd inom varje aldersgrupp
vid dammforsoken.

Length incm - Age in summers -— &lder i somrar

langd i cm i 2 3 4 5 6 7 8 9 10
2 i
3 155
4 886
6 606 11
6 736 197
7 547 107
8 277 420 5
9 137 605 40
10 203 370 74
11 119 271 142
12 72 138 240 10
13 28 80 288 30
14 7 74 242 72 2
15 25 126 97 49
16 1 58 101 87 12
17 1 29 127 88 44
18 11 111 78 72 3
19 11 64 78 66 20 6 1
20 25 72 74 31 17 6
21 1 17 53 57 41 22 18 16
22 11 37 36 43 24 13 13
23 6 22 46 28 21- 11 10
24 4 10 26 17 26 16 13
25 1 6 15 19 11 13 9
26 1 5 12 31 10 11 8
27 1 4 6 7 22 14 8
28 2 7 7 15 14 17
29 4 8 10 17 13
30 3 4 3 6 11
31 1 5 3 3 2
32 1 3 5 2 4
33 2 5 3 3
34 1 2 4 5 4
35 1 1 5 5
36 3 2
31 2 1
38 12

Total - summa 3775 2303 1273 678 593 484 272 207 161 141

Mean length -
medellangd 6,2 93 130 168 187 208 238 245 261 268
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Table 17.

The length of 1-summer old perch. — Langden hos 1-somrig abborre.

Date
Tid

1933
1934
1935
1935
1935
1935
1937
1937
1940
1940
1940
1941
1941
1941
1941
1942
1942
1942
1943
1944
1944

1945
1945
1945
1945
1945

1943
1942
1943
1944
1943
1937

Damm

20
13
14
26
28

o N M W

11

Drottningholm
Alvkarleby
Alvkarleby
Alvkarleby

Harvik
Aneboda

Héarstamning

Perch Tarn | ...
Perch Tarn 1
Perch Tarn 11
Pond 15 ..o
Perch Tarn 11
Perch Tarn 11
Perch Tarn 11
Perch Tarn 11
Gransjon
Perch Tarn 11
Perch Tarn 1

Large o fr.

Small 9 fr.
Perch Tarn 11

Perch Tarn

Perch Tarn

Hjélmaren

Hjélmaren

Perch Tarn I ................

Large 9 pond 23 ...

9 Gransjon x o” Perch
Tarn Tl
Large 9 pond 26 ...

Small 9 pond 26 ........
Large 9 pond 17

Small 9 pond 17

9 Perch Tarn 1 x
c? Perch Tarn 11

Maélaren

Dalélven

Dalélven

Dalédlven ......ccccoeveinee

Slagmyren
Straken

Number — antal

planted obtained

insatta utfiskade

? 28
800 15
1000 980
200 154
1000 2 050
2 000 1 800
1 000 540
500 350
1000 72
1000 680
1000 53
1000 470
1000 840
2 000 2 000
2000 230
1000 950
1000 43
1500 1 600
? 34

2 000 190
1000 212
1000 272
1000 224
500 325
500 84
500 460
500 146
— 256
— 190
— 150
— 439
— 226

Mean Mean
length weight in
incm  grammes

Mlicm Mvigr

ca 6,5 2,0
ca 8,0 7,0
3,8 0,7
— 0,7
4,5 0,9
4,9 1,2
44 0,9
4,9 1,1
43 —
3,6 0,4
4,6 —
4,0 0,8
45 1,0
4,8 —
7,9 —
4,0 P
47 —
4,0 —
4,8 R
6,5 31
6,4 2,8
6,0 2,0
45 0,9
51 2,0
6,5 5,0
58 0,9
4,6 _
10,6 " —
11,6 —
10,3 12,8
7,3 —

6,4
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scale, with the exception of fish species used in pond rearing, extensive
experiments of this kind should throw more light on the problems referred
to above.

The results of the experiments have been recorded in different tables.
In Table 16, a compilation of all these experiments has been made, show-
ing the mean growth of perch reared in ponds. The material is, as may
be seen, fairly comprehensive, although it is naturally rather hetero-
geneous. The great distribution in size is noteworthy. This is due to the
fact that the experiments have been performed under a number of dif-
ferent circumstances, which will be dealt with in detail further on. How-
ever, it will be noted that the distribution in the size of perch of the
same year-class and in the same experiment is frequently considerable.
The distribution in size increases with age. This finds its natural ex-
planation in the discrepancy in growth between the sexes as will be re-
ferred to below. The figures of growth (recorded in Fig. 6) obtained from
a compilation of the material are, broadly speaking, in agreement with
those of the perch of large-sized populations (cp. Table 6). The growth
during the different years of life will now be subjected to discussion.

The first year of life (Group 0). Table 17 gives the extreme variation
in growth during the first year of life. In a study firstly of the results
from Kalarne with regard to each year and to the summer- and winter-
ponds separately, the growth will be found generally better when the
population is weaker, and vice versa. Owing to the often considerable
losses during the first year of life, this relationship is, however, not so
apparent as at a higher age. Nor have, for this reason, any marked
differences in growth been noticeable between the various years. Un-
fortunately, it has also been impossible, for similar reasons, to ascertain
any differences in growth between the spawn from different populations
(the Perch tarns, Gransjon near Kélarne and Lake Hjalmaren), as well as
at the crossbreeding of stunted populations from different tarns. Several
experiments with ova from a large and a small female, fertilized by one
and the same medium-sized male, have also given very different results.
The forementioned experiments cannot offer any answer to the problem
of the effect of heredity on growth. New experiments of this kind are
being planned to be performed under more controllable conditions.

In comparison with Kalarne, the growth during the first year of life
in other ponds is considerably better. This applies particularly to the
Hytto pond at Alvkarleby where a record growth was obtained during
the three years of experimenting. However, this pond is a large one (15
hectares) and no doubt offers favourable feeding conditions — in spite
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of a population of salmon-spawn — for the perch spawn arriving with
the afflux water and originating from the perch populations in the large
lake-like expansions of Dalédlven. It is impossible to obtain any conception
whatsoever of the number of in-coming spawn in the Hytté pond or at
Harvik. A fairly good growth was obtained also at Aneboda, in spite of
a rather early drawing of the ponds (13/8).

Table 18 gives the results of the examination of sex and sexual maturity
on material preserved in the autumn. It will be seen that in the cases
which have attained good growth, all or at least the majority of the males
would spawn in the following year. On the other hand, in cases where
the growth was bad, no male has arrived at this stage in its development.
In each experiment, as shown in this table, the big males, above all, have
approached sexual maturity. No female has reached this stage. The fol-
lowing figures disclose the relationship between the size of the males and
their sexual maturity, the perch from Aneboda not being included owing
to the fact that they were examined as early as in August.

Length...... cm 3 4 5 6 7 8 9 10 11 12 13 14 15

Num. males spawning next spring

(437 in all)....iiiics 3 61 78 27 83 118 46 16 4 i
Num. males not spawning next
spring (198 in all).............. o 3 77 71 19 18 5 2 2 1

Among the males 6 cm long, the majority did not become sexually
mature in the following spring, while the opposite took place with regard
to those 7 cm long. However, even big specimens are to be found in the
former stage, which also applies to the group of perch 10 and 11 cm long.

In the Spring of 1944, 134 1-summer old perch were, in addition, examin-
ed in a pond at Drottningholm, which had been transferred in the Autumn
of 1943 from Alvkarleby. 71 of these perch had a running milt, the mean
length was 115 (10—15) cm, while the remaining 63 were sexually im-
mature and had a mean length of 11,3 (9—14) cm. No doubt, all these
latter samples were females.

In the forementioned examination material, 753 were males and 842
females, i. e. 47,2 and 52,8 per cent, respectively. Further, the table dis-
closes the mean length in all the experiments to be somewhat greater
among the males than among the females. This difference is quite signi-
ficant considering the size of the material and the varying environmental
conditions.
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Table 19.
The length of 2-summer old perch. — Langden hos 2-somrig abhorre.

Date Pond Number — antal Mean length  Mean weight
Tid Damm planted obtained in _cm n grar_nmes
insatt utfiskat Ml i cm Mv i gr
1934 3 24 21 117 20,0
1935 20 14 13 13,6 ' 30,0
1936 11 100 al 99 9.0 7,0
1936 12 100 b 92 8,5 7,0
1936 13 850 625 6,4 2,4
1936 19 500 360 8,0 5,0
1936 23 100 81 10,6 14,0
1936 29 500 500 8,4 5,6
1936 30 100. 17 13,0 29,0
1938 1 50 27 10,6 15,0
1938 2 200 106 9,0 8,0
1938 3 55 39 11,5 15,0
1938 4 210 195 9,3 . 80
1942 2 150 26 8,0 58
1942 6 250 32 9,2 78
1942 7 130 a 109 79 6,0
1942 8 125 b 60 8,0 6,7
1942 9 100 a 39 11,2 15,4
1942 10 100 b 32 9,1 9,4
1942 18 500 a 165 10,3 13,0
1942 19 500 b 109 9,5 9,0
1942 20 500 79 10,4 14,0
1942 22 150 a 39 10,4 11,8
1942 22 150 b 105 9,1 11,8.
1942 29 500 320 8,8 6,0
1942 30 90 a 75 12,6 20,0
1942 30 118 b 113 11,3 14,0
1943 7 150 a 78 8,4 6,4
1943 8 150 b 35 10,8 11,0
1944 10 47 14,0
9,3

1 a = large (stora), b = small (sma).
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The second year of life (Group 1). Table 19 gives the results of the
pond experiments during the second year of life. A distinct relationship
is evident between the density of the population and the growth (1936 —
19, 23, 29 and 30; 1938 — 1, 2, 3 and 4). In all these experiments, the
mean length was greater and the growth better when the population was
slight. The following figures from the various experiments shows the
relationship between the mean length and the density of the population
at the drawing of the ponds.

Num. of Mean
experi-  length
ments incm

Experiments where the collected samples equalled max. 50 12 n,i
oy » » » » | » 51--100 7 9,7

» P ) » . » » 101--200 7 9,6

» » » » » » more than 200 4 8,8

The experiments in 1942 and 1943 were largely intended to disclose the
growth of a coming year among groups of selected large and small 1-
summer old perch from one and the same population. Whenever the
various size groups had ben reared in different ponds, the quantity was
equal in these experiments. When reared in one and the same pond, the
guantity has varied but the groups have been distinguished by markings.
On the whole, these experiments have proved that the difference in size
in the two groups is noticeable even at the end of the second summer,
although it is, then mostly smaller than at the start. The increase in
the mean length was, for this reason, almost invariably greater among
the, from the beginning, smaller fishes than in the corresponding larger
groups in each experiment. The earlier difference in growth, manifested
in the 1-year old perch in the spring by a variation in size, has accordingly
not been increased but rather decreased, even though it may have con-
tinued in the same direction during the second summer. The advantage
in growth during the first year in a certain experiment has therefore,
in all likelihood, been due less to hereditary factors and more to chance
factors, and has not been the sole determining factor with regard to
continued growth. However, the fact that the individuals which had, from
the start, better growth continue in this way also in later years of life,
and that accordingly also genetic factors are of significance in this respect,
are evident from these experiments and will be entered upon more in
detail below.



96

Table 20.

Size and sexual maturity of 2-year-old perch. — Storlek och kénsmognad
hos 2-arig levande abborre.

Date Pond Sex Number Mean length  Length in cm — Lé&ngd i cm
Tid Damm  Kén  Antal Mliem 7 8 9 10 11 12 13 14 15
V 1939 21 & 2 67 9,2 1 4 47 13 — 1 1
72 9,2 — 748 15 1 1
Y 1939 22 a 2 23 9,3 — 311 9
? 26 8,8 2 6 13 4 1
V 1942 21 c? 2 22 9,7 — 2 4 14 2
? 27 9,7 — 2 10 11 3
V 1943 18al cd 2 53 10,6 — — 6 2314 71 2 1
? 84 10,2 — 2 18 36 16 10 2
V 1943 18b a2 38 9,4 — — 22 15 1
? 47 9,3 — 723 12 4 1
V 1943 20 cd 2 26 10,7 — — 1 915 — — 1
? 39 10,5 — — 217 20
V 1943 23a  cd 2 16 10,3 — — 110 5
? 15 10,5 — — — 7 8
V 1943 23b cd 2 38 9,4 — 221 14 1
? 52 9.1 31222 9 5 1
V 1943 30a ¥.2 29 12,4 - — — — 6 9 11 3
? 30 12,6 —_ — — — 3 7 19 1
V 1943 30b cd 2 44 10,9 — — 211 22 9
? 52 11,3 — — — 10 26 11 2 2 1
V 1944 30 cd 2 44 8,8 1 14 23 6
? 56 8,7 3 18 27 7 1

1 a = large (stora), b = small (smd)

As regards spawning maturity at the end of the second year of life,
Table 20 gives the result of an examination of living 2-year-old perch.
No females among them were spawning. On the other hand, it may no
doubt be taken for granted that the great majority of males were mature
for spawning at this time. The table shows that 400 out of 900 perch,
or 44,4 per cent, had a running milt. The main part of the remaining
perch must then have been females. Among preserved 2-summer old perch
in the autumn (Table 21), 241 out of 484 samples, or 52 per cent, were
males which would be spawning in the next spring. In addition, there
were 27 males which had not attained this stage of development. Among
the 216 females, 11 would be spawning in the next spring in this experi-
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Table 21.

Size and sexual maturity of 2-summer old perch. — Storlek och kons-
mognad hos 2-somrig konserverad abborre.

Pond Number Me?r? éﬁ?gth Length in cm — Langd, i cm
Damm Antal Ml i em

H 1936

H 1938

H 1942

H 1942 9—10

H 1943

H 1944

ment, where the growth had been particularly good during these first two
years. In spite of a length of 13—15 cm, 9 females in this experiment were
still quite immature. In all the other experiments all the females were
immature.

Finally, as regards the growth of these perch, it will be noticed that
males and females are, on the whole, equally long. In two experiments
the size was equal, in nine the mean length of the males exceeded some-
what that of the females, while in six conditions were reversed. However,
the differences were altogether insignificant. Since the length of the
1-summer old perch was throughout greater among the males, the fairly
equal size at the end of the second year would imply that the growth
during this year had been less good among the males than among the
females. This is, no doubt, due to the fact that several 1-summer old
males and almost all the 2-summer old males had by then attained sexual
maturity which has involved a slower growth. This will be subjected to
a closer discussion later.

7 — 462271
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Table 22
The length of 3-summer old perch. — L&ngden hos 3-somrig abhorre.
Number — antal

Date Pond Mean length  Mean weight

” in cm in grammes
Tid Damm planted obtained Ml i cm Mv i gr
insatt utfiskat
1935 22 15 10 17,0 60
1936 24 13 12 17,7 80
1937 3 80 55 10,9
1937 4 50 31 12,3 20
1937 5 150 117 10,0 10
1937 11 150 122 10,6 12
1937 16 50 34 134 30
1937 18 80 64 13,3 25
1937 19 30 & 20 13,9 30
1937 19 30 b 36 13,3 28
1937 23 17 a 12 16,2 58
1937 23 60 b 53 14,3 37
1937 25 50 45 15,4 42
1937 28 150 152 12,5 19
1937 29 32 27 17,5 78
1937 30 92 a 66 12,0f 1
1937 30 9 b 55 e g i
1939 15 125 121 13,6 32
1939 23 25 a 26 16,0|>:L5 A ]> "
1939 23 25 b 21 14,s) 7 i
1942 21 49 26 14,2 30
1943 18 202 a 160 12,9 I ox
1943 18 85 b 71 12,0 1
1943 19 31 a 24 13,8 I 97
1943 19 90 b 35 13,2 |
1943 30 59 a 31 14,8 ) 31
1943 30 9 b 67 13,9 °
1944 3 22 19 13,8 32
1944 4 78 57 12,3 19
13,0

1 a = large (stora), b = small (smé&).
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8 10 12 14 16 18 cm
num. st. 10

Fig. 16. The relation between size, density of population and water volume among 3-summer-
old perch. Small number in nos. 4, 16 and 25, large number in nos. 5, 11 and 28. Nos. 4, 5
and 11 represent small ponds, nos. 16, 25 and 28 big ponds (cp. Table 22). — Sambandet
mellan storlek, besattningsstyrka och vattenvolym hos 3-somrig abborre. 1 nris i, 16 och 25
litet antal, i 5, 11 och 28 stort antal. Nris 5 och 11 &ro sma, nris
16, 25 och 28 stora dammar (jmj. tab. 22).

The third, year oj life (Group Il). Table 22 shows the growth in pond
experiments during the third year of life. As regards the relationship
between growth, on the one hand, and the density of the population and
the size of the pond, on the other, this is even more evident at this stage
than during the preceding years (1937: 4 and 5, 25 and 28, 4 and 16, 5,
11 and 28). This is more clearly illustrated in Fig. 16. All these experi-
ments were performed in 1937 with a material of the same original size,
i. e. about 9 cm. Since also the losses were very slight in this case, the
results are fully comparable. In the summer ponds with a slight water
volume, the mean length at a weak population was 12,3 (4) and at a
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dense population 10,0 (5) and 10,6 (11), being in the winter ponds, at a
weak population 134 (16) and 154 (25), and at a dense population 12,5
(28) cm. The experiments disclose the fact that a strong population in a
comparatively large winter pond will result in approximately the same
growth and length as in the case of a weak population in a small summer
pond. A still larger size is attained at a very sparse population (1935:22,
1936:24, 1937:29). A compilation of all these experiments will give the
following results:

Num. of Mean
experi-  length
ments  incm

Experiments where the collected samples equalled max. 20 5 157
» » » » » » between 2150 11 14,4
» » » » » » »  51—100 8 12,5

» » » » » » more than 100 5 118

The experiments with selected large and small samples were continued
also during the third year of life and the results obtained are reproduced
in Table 23. However, the differences in the increase in length between
the beginning of the experiments and the end, in both the larger and the
smaller groups, is now generally not so pronounced as during the second
year of life, when this increase in length was mostly much greater in the
individuals which were smaller from the start. This indicates that during
the third year of life the growth, calculated in weight, has at any rate in
certain cases been greater or equally great among the perch which were
larger at the beginning of the third year than among the smaller perch.
This applies to the selection spot at this age (1937:19 and 23; 1939:23)
as well as to the cases where the experiments have formed a continuation
of earlier ones (1943). This speaks in favour of the assumption that a
genetic difference in growth is a determining factor in this respect.

Several experiments have been carried out with a view to ascertaining
whether or not the differences in growth and size because of different
densities of the population continue. As demonstrated by Walter (1934)
with regard to the carp and the tench, perch of a small size, owing to
the density of the population, if put in good ponds grow much better
than the larger ones of the same age. Fig. 17 gives an illustration of such
a case. During the year 1936 (19 and 23), at a population of 500 and 100
1-year old perch, respectively, a mean length was obtained among 360
and 81 collected 2-summer old specimens, respectively, of 8,0 and 10,6 cm
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Table 23.

Growth of 2-year-old perch, divided into large (a) and small (b) samples.
— Tillvaxt under tredje sommaren hos utsorterad stor (a)
och liten (b) abborre.

Increase

Mean  in mean Length in cm
Date Pond Number length in  length Langd i cm
Tid Damm  Antal em in cm

Ml i cm  Okning i
mlicm 7 8 9 10 ii 12 13 14 15 16 17 18 19 20

V 1937 19 30 a 8,4 — 1911

H 1937 19 20 13,9 5 ————— 512 3

V 1937 19 30b 7,8 624

H 1937 19 36 13,3 55 12311 1

V 1937 23 17 a 12,2 15 1 1

H 1937 23 12 16,2 4,0 4 3 41
V 1937 23 60 b 10,6 —— 32037

H 1937 23 53 14,3 37 ————— 3 2 812 2

V 1937 30 92 a 9,0 — 12 67 13

H 1937 30 66 12,0 3,0 ——— 14020 4—— 1

V 1937 30 94 b 8,5 — 4845 1

H 1937 30 55 11,6 3,1 ——— 32127 31

V 1939 23 25a 10,3 ———21 2 11

H 1939 23 26 16,0 57 —— = —— 2 514 3 1 1
V 1939 23 25b 8,8 — 421

H 1939 23 21 14,8 6,0 _——— —— 1910 1

V 1943 18 202 a 10,4 — 227856517 4 2

H 1943 18 160 12,9 2,5 ——— 3 752582510 4 1

V 1943 18 85b 9,4 — 74527 5 1

H 1943 18 71 12,0 2,6 ——— 4182917 2 1

V 1943 19 3la 10,4 — — 11713

H 1943 19 24 13,8 34 — 812 4

V 1943 19 90 b 9,2 3144323 6 1

H 1943 19 35 13,2 4,0 ———— 151710 1 1

V 1943 30 59 a 12,5 —— —— 91828 4

H 1943 30 31 14,8 23 @ ——————— 1 817 5

V 1943 30 96 b 11,1 —— 2214820 2 2 1

H 1943 30 67 13,9 2,8 - - —— 32230 9 2——— 1
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num. 22 cm
—J9
8 10 12 14 16 18 20 22 cm
Fig. 17. Size distribution in different years among large (0—o0—o0) and small (-------- ) perch
(num. of samples). — Storleksfordelningen under olika &r hos stor (0—o0—o) och liten
(- ) abborre (antal ex.).

i. e. a difference of 2,6 cm. During 1937, this experiment was continued
with 60 small samples and 77 large ones in the same ponds (19 and 23),
a classification of large and small individuals being made in each group
(see Table 23). In the Autumn, the mean length equalled 13,5 and 14,6 cm.
The difference in length had accordingly decreased to only 1,1 cm. In the
following Spring, the size was approximately the same in both the now
3-year-old groups. In the Autumn of 1938, the mean length of 52 small
and 58 large 4-summer-old samples was 175 and 18,9 cm, respectively,
with a difference in length of 14 cm. However, Table 24 shows that the
number of males was considerably greater in the stunted population (19),
the number of females being, on the contrary, particularly great in the
large-sized population (23). This is, no doubt, the reason for the continued
difference in growth. This larger male and female surplus, respectively,
must however be attributable purely to chance.

The different results obtained in these experiments with selected large-
and small-sized perch and with perch of different sizes dependent on the
various populations are, apparently, due to the fact that the difference
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Table 24.

Size and sexual maturity of 3-year-old perch. — Storlek och kénsmognad
hos 3-arig levande abhorre.

Date Pond  Sex Number M€ length Lenght in cm — Langd t cm

in cm
Tid Damm Koén Antal .
ML i cm 9 1011 12 13 14 15 16 17 18 19 20 21 22

V 1938 19 & 2 30 13,4 — 1811 1
9 2 14 14,0 —— —— 338
? 8 13,9 —— — 251
VvV 1938 23 < 2 20 14,4 —— 1134731
9 2 13 152 @ ————— 36 31
? 22 15,4 —— — 1— 39531
V 1938 25 & 2 67 11,8 10 4141815— 3 1 1 1
9 2 30 14,3 —— — 510 1 6 3 3
? 43 11,4 413 410 9 2 — 1
V 1938 29 c? 2 10 162 —— = —— 2— 4 2 2
9 2 17 18,6 - — — _ 2326211
V1940 15 0* 2 65 13,6 ——— 5311610 2— 1
9 2 23 15,3 —— —— 455 4 4———— 1
? 53 140 ——— 2102811 1 1
V1944 18 of 2 101 12,6 — 214362816 4— 1
? 141 13,0 — 3 8415222 8 6 1
V1944 19 < 2 25 13,2 ——— 216 7
? 32 13,4 - — 2 31111 5
V 1944 29 < 2 38 13,6 —— 2—1714 4 1
9 2 4 155 - 3 ——— — — 1
? 58| 14,1 — 1— 4111920 3

1 11 males of these spawned in 1943.
Av dessa nu ej lekmogna ex. voro 11 ol i lek 19Jj3.

in size during the first year of life is in certain cases accidental (the last-
mentioned one) and, in other cases, dependent on genetic factors. Still,
it is evident that a difference in growth owing to the latter reasons does
not make itself as noticeable during the first year of life, nor during part
of the second year, as later on.

Tables 24 and 25 disclose the relationship between size, age and sexual
maturity. With the exception of isolated instances, all the males are by
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Table 25.

Size and sexual maturity of 3-summer old perch. — Storlek och kénsmognad
hos 3-somrig konserverad abborre.

Date Pond Sex Number Me?: Li:'gth Length incm — Langd i cm
Tid Damm Kon Antal -
MI. i cm 9 10 11 12 13 14 15 16

H 1937 3 & 1 2 13,0 —_—_ — — 2

d 2 24 10,9 — 10 9 4 — 1

9 1 28 10,6 2 1310 2 — — — 1

9 2 2 11,0 - 2
H 1937 30 d 1 3 10,7 - 1 2

d 2 56 11,5 — 23119 2 1 — 1

9 1 38 11,8 — 2 8 25

9 2 23 11,9 — — 5 16 2
H 1943 21 d 2 9 14,0 - — 1 — 2 2 31

91 16 13,2 — 1 3 2 1 4 5

9 2 2 14,5 _ Y — — 1 — — 1
H 1944 3 d 2 10 13,7 — — — 1 3 4

9 2 9 13,8 _ — — — 1 1 5 2
H 1944 4 d 2 29 12,2 — — 2 19 8

9 3 12,0 —_ — — 3

9 2 25 12,7 — — — 11 10 4

this time sexually mature, i. e. 356 or 454 per cent out of 787 specimens
examined during the Spring, and 128 or 46,1 per cent out of 279 perch
examined in the Autumn. As regards the females, all had reached spawning
maturity in experiments where the growth had been particularly good
(1938: 29), while in the majority of experiments only a lesser amount of
females and, in a few experiments, not any females at all have attained
this stage of development. Further, each experiment has clearly shown
that it is the larger females that are mature for spawning or approaching
this stage. In experiment 29:1944, 11 males were found among the not
spawning specimens, which were spawning in the Spring of 1943. Among
the perch examined in the Spring, 101 out of 787 or 12,9 per cent were
spawning females, while among the perch examined in the Autumn only
6 out of 279 or 2,1 per cent were females which would spawn in the follow-
ing Spring.

As regards growth, the tables show that at the age of 3 years, the
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Table 26

The length of 4- and 5-summer old perch. — Langden hos
Jr och 5-somrig abborre.

Date  Pond  Age IN“”;ber Zmé' L Grammes
i ante obtaine
Tid Dam