


















































































































































































































































TIl. English summary.

The several forms of trout have sometimes been regarded as different
species with fixed hereditary characteristics, but are generally considered
variations due to external circumstances and environment. This applies
especially to the two extremes, the large lake trout (= Salmo trutta lucustris
or ferox) met with in the large European lakes, and the small river trout
(= Salmo trutta fario) indigenous to small forest and mountain brooks.
The former often attains to a weight of 3—5 kg, occasionally even as much
as 10—15 kg, is silvery with black spots — except in the spawning season —,
and oft moves about from place to place. The river trout, on the other hand,
does not in many waters grow more than to 20 or 30 cm, is browny green with
black and red spots and black and white fin margins, and of very stationary
habits.

Earlier scientists have found that the growth and size of trout are affected
by many factors. Dahl, Huitfeldt-Kaas, Malloch and others, have proved
them to be connected with the size of the eggs and with the supply of food.
Southern and Frost found some connection between growth and pH-value,
and many observers (Wilier, Aim) have pointed out the influence of the water
volume (i. e. the size of the lakes or water courses). Different forms may
occasionally be found at the same time in the same waters, which indicates
at least some hereditary influence.

From the practical point of view it is important to know whether the
growth and other different characteristics of lake and river trout are heredi-
tary, or merely due to the environment. A great many experiments have
been made to that end, all at the Board of the Agriculture experimental fishery
stations at Kalarne and Kvarnbécken in Jamtland, and in neighbouring lakes.
Trout from Lake Vattern, the largest breed of trout in Sweden, and river
trout from a small brook, Norrbacken, near Kalarne, have both been used
for these experiments. The former breed in Motala Strom, leaving this for
Lake Vattern at the age of 2 or 3 years, when they are 20—30 cm long.
They return from Lake Vattern at the age of 5—7 years to spawn. Spawning
takes place only every second or third year. The Norrbacken trout live all
their lives in the same brook, and apparently spawn every year. This brook
is about 10 km long and 1—2 metres broad, with a temperature in the
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beginning of August of 10 to 12° C, and a pH-value of from 7 to 73. It is
well stocked with trout, which seldom exceed 20 cm in length. The usual
size is 14—16 cm at the age of 5 or 6 years. The growth is shown in Table 2,
p. 13, and Fig. 1, p. 8. The condition factor is high. In appearance they
are typical small river trout, with very striking black-and-white edges to
their anal and ventral fins (Pl. I, Figs. 1—2). Their food (Table 3, p. 14)
consists mainly of insect larvae and imagines, mostly of the Chironomidce
and Ephemeridee groups. Food seems to be abundant.

Experiments in transplanting river trout to other waters.

Henking's experiments in marking river trout and liberating them in the
Baltic have shown that the released trout in some cases grow very well.
In order to study more closely this power of growth, river trout were caught
in Norrbacken and subsequently liberated in varying numbers in ponds at
Kalarne. These ponds (Fig. 3, p. 18) are from 300 to 700 m2, with a water-
supply of from 100—250 litres of water a minute. The water is clear, its
pH-value about 7.0, and its summer temperature usually just over 20° C.

The results of these experiments indicate that trout transplanted to large
ponds, and well fed there with ground and chopped fish, will grow to such
an extent that after 6 years in the ponds they are up to 40 cm long, with
an average weight of 400 grammes, after having been only 13—15 cm long
and weighed 20—40 grammes when put in. Figs. 4—6, pp. 19 and 22, show
the lengths (number of fish of various lengths) every spring and autumn
(cf. also Tables 5—7). These experiments also prove that the fish grow more
if fewer trout are put in than if the pond is heavily stocked (Fig. 4, p. 19).
The growth is considerably stronger in the summer than in the winter
(Fig. 7, p. 25). In one experiment the different sizes caught were also kept
separate, and this showed that the growth of the small and young as well
as of the larger and older trout improved as said above on putting over
to ponds (Fig. 8, p. 27). Clearly, therefore, river trout have a fairly great
latent power of growth, which will be released in fresh localities and cause
growth to improve and continue for many years. In their home river this
power of growth is not manifest, and they do not grow beyond a length
of 18—20 cm. The appearance of the large river trout in the ponds (PL 1,
Figs. 3—4) is reminiscent of that of other forms of trout during the spawning
season, but they are characterized by their sparser, more rounded spots,
and by the black-and-white edging of certain fins.

1 See also table 21 p. 87.
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Experiments in rearing river and lake trout fry.

It is of great interest to observe the development and appearance of river
and lake trout fry reared under similar conditions. A number of such experi-
ments have been made with fry of these two breeds of trout in the ponds
at Kalarne, and partly also in wooden troughs at the adjacent Kvarnbécken
piscicultural station. The troughs measured 375 X 15 c¢cm, with a depth of
water of 30 cm and a water-supply of 15—25 litres a minute. Spring water
with a pH-value of 7.3 was used, the temperature of which was rarely above
16° C.

Tables 8—10, p. 29—33, give the results of these experiments. At the end
of the first summer the young river trout were slightly smaller than the
young lake trout, the former averaging from 4.8 to 7.3 cm in length, the
latter from 55 to 8.1 cm. The growth bears a distinct relation to the number
of fry, and indirectly to the volume of water per fry, as indicated by Figs.
9—11, pp. 34 and 35. As the newly hatched river trout fry is smaller
(23—24 mm) than the corresponding lake trout fry (about 27 mm), see
Table 12, p. 39, the increases in length in the first summer do not differ
as much as the absolute lengths. River trout, for instance, grew on an
average 3.8 cm when there were few of them, and 3.4 cm when there were
many, while in respect of lake trout the corresponding figures were 5.2 and
3.4 respectively, i. e. at high density the one grows approximately as much
as the other. At equal lengths, river trout young always weigh less (Figs.
12—14, p. 37, Table 11, p. 36). The condition factor (K) according to Fulton’s

formula (v= " X K) is always = 1.

In the 2nd and 3rd summers both river and lake trout increased in length
approximately as much. By the end of the second summer (Fig. 16, p. 44)
the average lengths of the river trout in the different experiments were
from 8.9 to 13.8 cm and of the lake trout from Il.i to 14.8 cm. By the end
of the third summer (Fig. 18, p. 46) the average lengths of the river trout
(many experiments) were from 122 to 20.g, and of the lake trout (only
a few experiments) from 15.3 to 16.9. Both were thus then of approximately
the same length, and the density of fish still proved of great importance to
the growth. In the 4th and 5th summers both forms continued to grow
(Figs. 20 and 21, pp. 48 and 49), though the river trout grew a little less
than the lake trout. At the end of the 5th summer, the former averaged
from 24.8 to 27.5 cm in length, and the latter from 26.8 to 28.4 c¢m, i. e. the
river trout was a little shorter. A general survey of the growth is given in
Fig. 22, p. 51, which also includes growth curves for the Norrbacken river

6
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trout and for the lake trout from Motala Strém before their migration
to Lake Vattern. The figure shows that the growth of river and lake trout
is very much the same in the ponds, considerably better than in Norr-
backen, but worse than in Motala Strom.

The appearance of the young river and lake trout can be seen in PI.
Il, Fig. 8—13. Several differences are obvious. The river trout are clumsier
and have larger spots than the lake trout, which have more numerous,
smaller, and more irregular spots, while the anal and central fins of the
former are mostly also edged in black-and-white, which is rarer in the
latter. The fins of about 97 % of the river trout, and especially of spawning
fish, are marked in this way, 58 % on several fins, while only 19.7 % of the
lake trout have such markings on several fins, and as much as 20.6 %
are quite unmarked (Table 15, p. 53). This marking is to some extent
associated with sexual maturity, but should also be considered typical for
river trout.

The two forms also differ in respect of sexual maturity. By the end of
the 4th summer 115 out of 201 river trout, or 58 % (78 males and 37 females),
were already sexually matured, and by the end of the 5th summer as many
as 74 (38 males and 36 females) out of 79 river trout, or 93.7 %. Out of 75
lake trout only 9, or 123 % (7 males and 2 females), were mature by the
end of the 4th summer, and by the end of the 5th only 41, or 51.3 % (37
males and 4 females). These figures also indicate that males mature earlier
than females.

Although their rearing conditions were the same, the two kinds of trout
were thus of quite different appearance, and the river trout matured earlier,
at least in the first generation, than lake trout.

Planting-out experiments in lakes.

In order further to study the growth of river trout, several stocking experi-
ments hava been made in various lakes, some of which contained no fish,
in the neighbourhood of Kélarne. Both fry and young pond-reared trout of
various ages were released (Table 16, p. 57). Several of the lakes (Table 17,
p. 57, Fig. 23—25, p. 59) are rather shallow, from 2 to 10 m, and generally
have marshy, partly also stony shores, and insignificant inflow and outflow.
The pH-value was 6.0—6.8, the oxygen content of the hypolimnion generally
reduced, the vegetation sparse, mostly Nymphcea, Potamogeton natans, and
Sparganium sp. The bottom was mud, occasionally sand.
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Every autumn since the stocking, fish have been caught for examination
in nets of various mesh and in traps. In some cases the experiments have
not yet yielded any results. The following exemples of good results may
be given.

In the spring of 1935, 150 1-year old river trout, 5—8 cm long, were
released in the Stockbergstjarn. The result of the test fishing was negative
in the autumn of the same year, but in the autumn of 1936 19 fishes were
taken, averaging 29.1 cm in length (20.5—36 cm). In 1937 they had obviously
migrated, however, as only 2 were caught then, 29 and 29.5 cm long respec-
tively, and none in the autumn of 1938.

In the spring of 1936 140 2-years old river trout averaging about 12 cm
(from 9—16 cm) in length were released in Gréstjarn. In the autumn of
1936 26 were caught, averaging 21.4 cm in length (from 17 to 25.5 cm); 40
were obtained in the autumn of 1937, averaging 27.8 cm (22—36 cm), and
13 in the autumn of 1938 averaging 33.7 cm in length (30.5—37.5 cm). All
the river trout caught in the autumn of 1937 (22 males and 18 females) were
sexually mature.

The Vontjarn experiment should finally also be mentioned. Eighty 3-year
old river trout and 100 lake trout of the same age were released there in the
spring of 1937, of an average length of about 155 and 16.5 cm respectively.
Broth breeds were marked by different slitting of the fins. Twentyfive river
trout averaging 24.7 cm in length (20.5—30.s) and 19 lake trout averaging
27.5 cm (24—30 cm) in length, were caught there in the autumn of 1937. The
next autumn, in 1938, the catch was 6 river trout, averaging 34.4 cm (31—43)
in length and 517 grammes in weight. Besides them 9 lake trout, averaging
728 grammes in weight and 39.7 cm in length (37—43.5), were also caught.
Most of the river trout, but only a few lake trout, were sexually mature in
the autumn of 1937, but in the autumn of 1938 all of them except one lake
trout female were mature.

The planting-out experiments show that river trout grow considerably
more in lakes than in ponds. In the 2nd year the average length increased
by 10—12 cm in the lakes as against about 5 cm in the ponds, in the 3rd
year 6—10 cm as against 5—6 cm, in the 4th year about 9 as against about
5 c¢m, and in the 5th year 6—9.6 as against 5 cm. They consequently grow
much less in the ponds. The Vontjarn experiments also confirm the results
of the pond experiments that river trout grow a little less than lake trout,
the two averaging about 9 and 11 cm respectively in the 4th year, and 9.6
and 122 cm in the 5th, and that they mature earlier.

The appearance of the fish is shown in PI. I1l, and agrees with what has
been said above. The colouring of the flesh is interesting; this is greyish-
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white both in Norrbacken and in the ponds, but more or less pink in the
lakes. The reason probably lies partly in the food, which in the lakes consists
of insect larvee besides some crustaceans and fish, and partly in the strong
growth. The nature of the food cannot alone be decisive, because in the
ponds — where the trout do not grow so well — their flesh is grey in spite
of a fish diet, while in Vontjdrn — where growth was good — their flesh
was pink, although the lake had no fish before and they fed exclusively on
small animals, mainly insect-larves.

Summary of the results of the experiments. Are the conditions
governing growth phenotypical or genotypical?

By the above experiments is has been demonstrated that the growth of
river trout, which is rather or very poor in their home brooks, can be much
improved by transplantation to new localities and by rearing fry from their
eggs. River trout are therefore excellent material for planting out, and should
be used for that purpose far more than has so far been done. They have not
quite the same latent power of growth as lake trout, however, and even that
diminishes when they reach sexual maturity. The progeny of river trout will
therefore always be slightly smaller than that of lake trout, but as the latter
breed does not seem able to utilize to the full its inherent power of growth
in smaller waters, it would seem that river trout should be selected for stocking
such waters, and the valuable lake trout material be reserved for larger lakes.
All this goes to show, however, that the growth is primarily conditioned by
the environment (of a phenotypical nature), but that genotypical factors
are also active.

In determining the factors of environment which in this case might
conceivably affect the growth, the nature and relative abundance of the
food, and the pH-value of the water, may be disregarded. In Norrb&cken,
and in the Grastjarn and Vontjarn lakes — both previously empty of fish —,
the food was largely the same. Stockbergstjarn contained minnows, and
ground fish was given in the ponds. In view of the abundant feeding in the
ponds, the food supply there must have been better than in the lakes, and
in Norrbéacken, too, the rich fauna and well-filled stomachs (see Table 3,
p. 14) indicate that there was no lack of nutriment. Yet the best growth
was obtained in the lakes.

The pH-value of the water was 7.3 in Norrb&cken, about 7 in the ponds,
and less in the lakes. The connexion of pH-value to growth demonstrated
by Southern and W. Frost has thus in these cases proved of no importance.
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As to the effect, demonstrated by Dahl, on growth of the size of the ova,
these experiments have proved that, although there is some connexion in the
first year, river trout will very soon grow to practically the same size as
lake trout of the same age.

One cause of the differences in growth and size is certainly the spawning.
The earlier sexual maturity, and the annual spawning of river trout reduce
the growth, a fact which' has also been demonstrated in respect of many
other organisms.

The further factors affecting growth seem to be the length of the growing
period and the available space. In Norrbécken, as in other trout brooks, the
temperature is generally rather low, 12 to 14 or 16° C, very occasionally
as much as 20° C (Table 18, p. 69). The above and other experiments have
shown that the temperature most favourable to growth is 16° or 17° C. That
temperature is rarely if ever reached in many trout brooks, at any rate for
any length of time. It is therefore quite natural that growth will be relatively
poor in such brooks, and that the trout in them will be of small size.

The space factor is most likely also of importance to growth. An estimate
of the trout stock in Norrbécken, based on the annual catch and ist age,
indicates that at any one time there ought to be something like 16 600 river
trout in this brook, or about Ls fish per nr of its area (Table 19, p. 71).
The ponds were deeper than Norrbdcken, and during the experiments the
number of fish per m2 varied there from 0.3 up to 3 (in the latter case only
fry), and in spite of the abundant feeding growth was invariably better there
when the ponds were lightly than when they were heavily stocked. In the
lakes, again, the area available for each fish was considerably larger. Growth
is consequently connected with the density of fish per unit area, or volume
of water. Also is well known that trout are usually bigger in large than in
small lakes.

The different size of trout in different localities may thus be considered
to be primarily due to factors of environment. As, however, is has been
demonstrated that river trout mature earlier sexually, and that they there-
fore stop growing sooner than do lake trout reared under the same condi-
tions, hereditary factors must also play a part. The number of vertebrae
has of old been considered a typical characteristic of species or races, especially
in respect of sea fishes. The vertebree have been counted in but a few fresh
water fishes by Smith, Mottley and Enger. They found that the number of
vertebra is to some extent hereditary, but nevertheless varies with the size
of the fish, the temperature, etc. In Table 20, p. 74, the results of counting
the vertebraze in my material, including also sea trout, are given. The
averages obtained indicate certain differences between the different forms
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of trout, which particularly differentiate sea trout from the others. It should
be noted that the 1938 averages are very low in respect of the river and
Bagede trout reared at Kvarnbacken, while they are normal in respect of
the lake Vattern trout reared the same year at Borenshult (Motala, near
lake Vattern). Some factor has therefore probably had a reducing effect
on the number of vertebrae of the Kvarnbéacken fish.

The varying numbers of vertebree, and the above named other differences
between river and lake trout indicate that the different breedes of trout may
to some extent be regarded as different forms, even though their growth
is mainly governed by the influence of environment. It is, however, by no
means impossible that in future generations the possibly racial characteristics
now demonstrated may be changed. The present experiments in these lines
may in due time provide better data for answering these questions.
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date
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English
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