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at the right season. In fish, too, it has been proved, that photoperiodism gives
the major time fixation for spawning, that is to say the start of the gonado-
tropic action of the pituitary (Hazard and Eddy 1950). But the actual spaw-
ning behaviour is more closely controlled by a mechanism, where visual
stimuli combine with temperature stimuli to release the actual pairing (Fa-
bricius 1950). It was demonstrated (Svardson 1953) that the spawning pe-
riod of whitefish was accelerated two weeks by unusually cold weather. This
means that owing to photoperiodism a sensitive period is laid down, during
which the fish has the capacity of reacting to purely environmental stimuli,
e.g. temperature.

The trigger environmental stimulus, effective during a sensitive period and
capable of releasing the start of gonadotropic action as the swelling of
gonads, seems to be the temperature, at least in the case of salmon but prob-
ably in many other species as well. The start of sexual maturity has been very
much discussed in literature (Svardson 1943, Alm 1946 for references) for
its relation to growth rate.

Before going further into this problem, one definition must be made. The
amount of developement achieved must be measured in a better way than by
size or age, the two gauges most often used. The term needed may be called
physiological age. If two specimens of fish are of the same age but not the
same size, one has grown more rapidly. This specimen is more advanced in
physiological age. If two specimens are of the same size but one is older than
the other, having grown more slowly, it has the higher physiological age of
the two.

Now, the known variability as regards the onset of sexual maturity and
the »instinct» for migration in salmon, trout and eel could be more properly
discussed with a set of hypotheses:

1. The time for the start of the transformation has an annual period of
sensitivity or readiness (fixed by photoperiodism) within which environmen-
tal stimuli, e.g. the temperature may have a releasing effect.

2. The threshold of reaction is gradually lowered by the advancing physio-
logical age of the fish. This means that for each consecutive annual period of
sensitivity the amount of environmental stimuli, needed for releasing the
hormonal drive or the actual behaviour, is lowered.

3. The environmental stimulus may be a change of temperature rather
than a certain degree of temperature. Moreover, a more pronounced change
has a stronger releasing effect than a less marked one. This means that a
variation in the strength of the stimulus is allowed.

Let us see how this set of hypotheses may explain the plasticity of salmon.
The general trend towards higher smolt age and longer periods of sea life to
the north depends on the weak annual environmental stimulus, i.e. the low
temperature or the slowly rise in temperature during the sensitive period. As
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the physiological age proceeds, however, and the level of the threshold is
lowered, even the weak environmental stimulus may be enough to induce the
onset of smolt transformation or the gonadotropic processes, which accom-
pany the return to the home river. Those fish which react latest are thus the
biggest of their kind. The longest smolts, as well as the biggest salmon return-
ing from the sea, are both found in cold northern rivers surrounded by cold
seas.

Local variations in this pattern may easily occur. If the river is warm and
the sea, in which the salmon moves, is also warm, we get the combination of
low smolt age and short period of sea life. A near-by river may discharge its
waters so that the descending salmon are driven into cold areas of the sea,
where they remain for a long period. This river will be inhabited by big sal-
mon. This simulates genetical »races» in different rivers, of which there is
really very scanty evidence, not to speak of evidence to the contrary from a
genetical and evolutionary point of view as well as experimental (cf. White
and Huntsman 1938).

The writer would like to stress the opinion of Sedgwick (1953) that the
differentiation of early and late running salmon within the same river is also
purely environmental. It was already suggested by Rosén (1918 a) that a
high smolt age could be correlated to a birthplace very far upstream. Gisler
(1751 a) stated that the later running salmon did not ascend as far upstream
as the early runners did. The new fact, added by Sedgwick, is that those
fish, which were the oldest smolts, run earliest, and thus move furthest up-
stream, their progeny thus getting the smolt character of the parents though
no hereditary trait is involved.

The onset of sexual maturity in salmon is earlier in the male than in the
female sex. This is common for many species of fish. As a first consequence
the sexual maturity of parr male salmon may be released by a temperature
stimulus, which is not at all effective in releasing smolt transformation. In
this way the male parr may spawn before the smolt transformation and
then, in the sea, soon return again as grilse, yet again in account of the low
threshold for the environmental release of gonadotropic function. The female
may stay in the river for a number of parr years if her threshold for reaction
is very high and — if the environmental stimulus is still too weak to func-
tion as a trigger, she may react like the male by the onset of sexual maturity
while she is still a parr.

Such a case has recently been described for the norwegian River Namsen
by Berg (1953). This is, of course, much more exceptional than the cases of
landlocked salmon, where they have been »trapped» by interlocking lakes.
In the Namsen, salmon are pure stream-dwellers. It is not known with any
certainty if all the specimens stay in the river or if some of them — perhaps
in a few warm years, according to the hypotheses put forward in this paper —
are transformed into smolts. They fluctuate in number, which may indicate
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YEARS

Fig. 3. Diagram to show the principal relation between the length of different stages in the

life of the salmon and the environmental modification of this relation. Hatched: parr stage,

stippled: sea life and solid black: spawning stage. The length of the postspawning period is

neglected. It is suggested that when the stimuli for departure are deficient, the parr stage is

extended, in exceptional cases so far that the sea life disappears entirely and the salmon
becomes a stream-dweller as in the upper River Namsen, Norway.

that some are transformed into smolts. They live in the upper, and colder,
parts of the River Namsen and are separated by high falls from the lower
part of the river, famous for its abundant population of big salmon. Since
this population is more dense than the spawning sites in the lower part of the
Namsen could reasonably be expected to support, it seems rather probable,
as suggested by Berg, that some of the abundant big salmon running the
lower River Namsen have lived their parr life in the upper part of the river
above the falls. If this is the case, the permanent stream-dwelling population
in the upper Namsen may be really self-perpetuating only in the uppermost,
coldest parts. The Namsen salmon are included in Figure 3 in order to show
the principle advanced here for explaining their origin. Since their future life
must be very much menaced by the present change in climate, it seems easy
to understand why no populations of this kind have been found elsewhere.
They must have had great difficulty in surviving the warm postglacial Stone
Age. The sex ratio in upper Namsen ought to show preponderance of males.

The transition to the problem sea trout versus brown trout is not a very
bold one. The parr-life period of trout in the Baltic rivers varies in quite a
parallel way to that of the salmon (Table 9), though it is generally somewhat
longer and may have a steeper geographical gradient. The difference between
trout and salmon could, just as the difference between male and female sal-
mon, be due to a different threshold of reaction as regards the onset of
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Table 9. Geographical variation of smolt age in trout in the Baltic
(data from Jarvi 1940).

Age of smolt in complete years Sample
Area Average of fish
1 2 3 4 5 6 examined
Gulf of Bothnia — — 103 139 22 5 3.74 269
Gulf of Finland — 19 19 2 — - 2.58 40
The Archipelago of Stockholm 12 529 209 19 2 T 2.31 771
South BaltiC e 1 155 33 — = = 2.11 199

sexual maturity. The trout is the more »sluggish» species, needing a stronger
environmental stimulus of temperature (and water velocity?) to make it re-
act during the sensitive period of the year. The trend towards lowering the
threshold (for smolt transformation) with advancing physiological age might
also be slower. In this way the trout is easily »trapped» physiologically by
sexual maturity like the male salmon. Dahl (1933) has described intermediate
populations, where only an occasional specimen was a »sea trout», all the
others being »brown trout». Trewavas (1953) published a new and excellent
summary of the problem Salmo trutta systematics. The sudden disappearance
of the migratory »instinct» in the third generation of sea trout bred in ponds,
as described by Skrochowska (1953), probably means that the different
migrations, performed by the tagged specimens, might be due to different
environments in the river rather than to genetical differences between the
lots of fish released.

In recent years the higher summer temperature (Liljequist 1950) might
be responsible for the deplorable fact that brown trout populations in the
small creeks of northern Sweden have generally decreased. In some cases
the timber-cutting when all the trees in an area are felled, may give rise to
a profound change in spring or summer temperatures in the creeks, where no
shade is left. Regulations may have similar effects. In this way the departure
stimulus of »non-migratory» trout populations may be affected and they
descend and disappear. The sex ratio of stream populations often is very high.

Though genetical differences might, of course, occur between salmon popu-
lations as well as trout populations, it does not seem very probable that the
sea going habit, where it differs between two populations, is really entirely
genetic. At best it may be a slight difference in the average level of threshold
reaction. Then the environmental stimuli must be reckoned with as the re-
leasing factors.

Finally, a few words might be added on eel transformation from the yel-
low to the silvery stage. As is well-known, this transformation is related to
that of the salmon and trout (Hoar 1951, 1953, Landgrere 1941 Lynn and
Wachowski 1951) and involves thyroid hormones. It was discovered by
Jacobsen and Johansen (1922) that more yellow eels transformed into



250

silvery eels in a warm August than in a cold one. In northern Sweden (Nord-
quist and Alm 1920) the emigrating eels are very much larger than the speci-
mens further south. This is most probably a parallel to the larger smolts and
salmon in the north. Hitherto, it has been interpreted as being due to a sup-
posed better growth in the north (in a more sparse eel population) but this
postulates that the transformation should occur at a more or less fixed chro-
nological age in all the different regions. A delayed effect of the trigger
mechanism due to a deficient temperature stimulus during the months of
July or August seems more adequate as an explanation.

Salmon, trout and eel move from a hypotonic medium (fresh water) to a
hypertonic medium (sea water) and this is only possible if the osmoregula-
tion is changed. It is, therefore, interesting, and in line with the hypotheses
developed in this section that the complicated physiological processes, build-
ing up the mechanism of osmoregulation in fish, are temperature-dependent,
as proved by recent experiments (Wikgren 1953).

The Great Periodic Fluctuations in Salmon Abundance

Hitherto only the modifying effect of temperature on salmon growth and
transformation has been discussed. It was found that the smaller fluctuations
in salmon yield could be paralleled to the effects of temperature. There is
another fluctuation in salmon abundance, however, which is of much greater
amplitude and this cannot be explained by an amalgamation of various birth
year classes to year classes of smolts and spawners.

The more rapid the growth the shorter the time available for predators
will be and the larger the number of surviving fish could be. The first pe-
riod of life in the sea may be especially important for survival. Foerster
(1944, 1954) demonstrated that the average size of the sockeye smolts was
larger the smaller their number and also that this slight difference in length
was followed by a significantly better rate of survival for the larger ones.
Carlin (1955) found the same rule for survival in the atlantic salmon. More-
over, the severe winter could directly influence the rate of salmon predation
by reducing the number of predators.

Predators in fresh water and in the sea. Hult (1947) and Hult and Joh-
NELS (1949) released artificially-hatched salmon fry and studied the losses
from predation. It was found that perch (Perea fluviatilis) ate large numbers
of the young fry newly released.

Steinert (1931) and Olofsson (1948) demonstrated that salmon fry
hatched in gravel cover was larger than that artificially-hatched. Vibert
(1954) confirmed this and added that naturally-hatched fry could better
resist the predation of tested predators (eels). The territory of the young sal-
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mon as well as its hidden life must play an important part in its early sur-
vival. This was proved by Me Crimmon (1954).

Therefore, it seems probable that the grayling (Thymallus thymallus) in
the Swedish salmon rivers is the most serious natural salmon fry predator.
Trybom (1908 b) found the grayling to be a predator of salmon eggs. After
six years studying the spawning places of salmon, Trybom summarized that
257 graylings investigated had eaten 3,000 eggs of salmon or sea trout. He
thought the grayling was capable of taking as many salmon eggs as were
hatched in an average hatchery at that time. As the grayling is a permanent
stream-dweller, it is still on the spawning grounds of the salmon when the
fry emerge in the spring.

Pike and eel may be predators of salmon parr but their main habitat is
different from that of the salmon.

The most serious predators of salmon parr seem to be mergansers. Two
species occur in Sweden, the Goosander (Mergus merganser) and the Red-
breasted Merganser (Mergus serrator). Lindroth (1955 a, 1955 b) found both
species preying on salmon parr. In Canada the mergansers have been found
to be the most serious predators of salmon (White 1936, 1939 a, Reed 1953,
Kask 1954). It is reported that merganser control was followed by a ninefold
increase in smolt production.

The periodic decline in salmon yield in North American atlantic salmon
has been interpreted by Huntsman (1938, 1941) as being due to the predatory
effect of king-fishers and mergansers in dry years.

The Canadian observations on mergansers were commented upon for Brit-
ish salmon habitats by Hardy (1954), who stresses that the balance between
the salmon and its fish competitors may be disturbed by the merganser
control practiced.

In the sea the salmon lead a pélagial life and as far as is known, are most
preyed on by the seals and porpoises.

There are three species of seals in the Baltic Sea. The gray seal (Halichoe-
rus grypus) is distributed over the entire sea but somewhat more sparsely in
the far north. It is whelping on the ice in February and March. The season
is at variance with that of the same species in the Atlantic. The whelping on
the ice must be an adaption to the conditions of the Baltic Sea.

The ringed seal (Phoca hispida) is a species surviving from the postglacial
arctic period of Scandinavia. It lives only in the northern Baltic, whelping
on the ice in later winter. The Baltic subspecies is named annelata.

The harbour seal (Phoca vitulina) only inhabits the Southern Baltic,
though it may live elsewhere in a very cold environment, i.e. off Greenland.
It is whelping in summer by the shore. Probably competition between the
two Phoca species accounts for their alternating distribution.

All the three species of seal are known to eat salmon, even from fisher-
men s nets, but the gray seal is the most serious predator, causing the greatest
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trouble by its habit of visiting the fishing nets. Macintyre (1934) is of the
opinion that the grey seal is more sluggish and therefore not such a serious
menace to salmon. This may correspond with the Swedish observation that
it is more a net-destroying species of seal, being in the habit of taking salmon
from nets rather than in the open sea. In Scotland the harbour seal preys on
salmon in the estuaries. Other species may also do that, as was the case in
the autumn of 1747 when a flock of seals entered the lower part of the River
Angermanélven and preyed on salmon. The seals, grey or ringed ones, are
reported to have stayed in the river at Sollefted until the spring of 1748
(Gisler 1751 b).

Finally the last predator is the common porpoise, Phocaena phocaena.
It has been argued that the porpoise probably does not catch salmon. Mac-
intyre (1934) observed porpoises chasing salmon and reports fishermen s
observations according to which porpoises may catch salmon in the open
sea. Ekman (1938) reports a flock of porpoises (at Kramfors) some way up-
stream in the River Angermanalven in the summer of 1915, most probably in
pursuit of salmon.

This whale migrate through the Danish sounds into the Kattegatt and
Skagerack in the winter and returns to the Baltic in spring. This is verified
by a traditional form of hunting in the sounds and off the southwest coast
of Sweden in older days, when train oil was of some importance.

The influence of a hard winter on the salmon predators. Fish are probably
not much influenced on the whole by a hard winter. It is recorded that eel
may die in large numbers in cold winters (Johansen 1929) but as this occurs
in the sea it may be a special case of imperfect adaption to Saline conditions.

Mergansers may suffer some extra losses during a hard winter but there
are no records of it. The official statistics concerning shot mergansers
(Table 10) are a bad gauge for trends in population. They are not exact and
may some years include large numbers of mergansers shot in Bleking, when
they are passing along the coast on their way towards Finland and Russia.
Nevertheless, it seems justifiable, to reckon with a somewhat higher mor-
tality than normal for the mergansers during a severe winter. Most of them
winter in the Danish sounds but some may fly to the British Isles as ringed
specimens have done.

The statistics concerning shot seals (Table 10) have been discussed by
Hult (1943), Eckerbom (1948), and Lindroth (1950). The trend is down-
ward, but this is due in the main to the fact that almost all seals formerly
killed were hunted by professional seal-hunters. This is no longer profitable
from an economic point of view and the number of seals killed has, there-
fore, fallen. Nevertheless, Eckerbom and Hult think the decrease in ringed
seals is genuine, as they have disappeared from their southern marginal area
of distribution. This decrease has, however, been due to the improvement in
climate, the fact that the winters have been milder. Thus there is no evidence



Table 10. Number of seals and mergansers killed in Sweden.

Year Gray seal Ringed seal
1902 — —
03 — —
04 — —
05 — —
06 — —
07 — —
08 —
09 - —
1910 — _
11 — —
12 — —
13 — —
14 — —
15 — —
16 — —
17 — —
18 — —
19 — —
1920 — —
21 — —
22 — —
23 — —
24 709 2,228
25 1,362 2,605
26 733 2,437
27 834 2,345
28 790 2,118
29 1,241 3,580
1930 1,713 5,934
31 961 2,380
32 2,275 2,189
33 1,240 2,791
34 2,368 2,050
35 748 1,541
36 766 1,617
37 384 1,139
38 766 813
39 731 1,428
1940 418 602
41 250 318
42 466 584
43 850 993
44 — —
45 — —
46 783 1,016
47 615 876
48 783 949
49 707 637
1950 480 405
51 397 221
52 —_ —
53 203 273

Harbour seal

Seals

4,087
5,823
4,681

3,796
5,033
6,141
7,347
6,476
8,935
7,505
7,191
8,619
2,967
3,271
3,889
4,475
6,071
6,596
3,365
2,399
3,774
3,671
3,053
4,098
3,307
3,317
3,079
5,007
7,396
3,519
4,828
4,246
4,592
2,503
2,588
1,675
1,721
2,288
1,130

678
1,185
1,959
2,786
1,876
1,887
1,576
1,786
1,443

971

706

533

532

Mergansers
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that severe winters may be dangerous. Both the ringed and the gray seal

whelp on the ice but the ringed seal always keeps a hole open, so it can dis-

appear into the sea if disturbed. The gray seal, however, has not the same

habit of always keeping a hole open and in a severe cold spell, it can be
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isolated on the ice and killed by hunters (Lénnberg 1898, Eckerbom 1948).
Sometimes great flocks may be killed, as in March 1896 when more than 500
mostly young gray seals were killed off the coast of Vasternorrland in the
Gulf of Bothnia (Lind 1896 a). This mortality, however, is caused by ice and
man together and not by the ice alone.

The harbour seal is not known to suffer either but it is said that it cannot
keep holes open in the ice as the ringed species does (Eckerbom 1948). Some
winter mortality may, therefore, occur.

As regards the porpoise, matters are very different. This is the only sal-
mon predator, which is really sensitive to severe winter conditions. Normally
it moves out from the Baltic to warmer waters in winter and returns in spiing
(Mohl1-Hansen 1954) but as there is more likelihood for freezing in the
sounds than in the southern part of the central Baltic (Jurva 1952) some or
more may be caught by the ice and trapped in the Baltic. It may prove very
dangerous for them.

In 1924 hundreds were drowned by the ice-sheet off Bornholm and the
carcasses were later found in spring by fishermen (Johansen 1929). Prob-
ably the very same winter a flock of roughly a hundred porpoises were dri-
ven by a large ice-belt into a bay, Kapellshamnsviken, in northern Gotland.
The ice cut off all possibility for them to return back to the open sea and
all of them were drowned (Ekman 1938, LONNBERG 1940).

A heavy porpoise mortality occurred in 1929 in the waters off Bornholm.
In the spring the fishermen saw hundreds of dead porpoises floating on the
surface of the sea and quite a number of rotting carcasses appeared in the
trawls. Some were »fished» up from depths of 90—100 metres. Not a single
dead seal was seen (Johansen 1929).

Again in 1940, when the total area of sea was frozen, a great many por-
poises must have been trapped in the Baltic. In the spring hundreds floated
inland to the east coast of Skane with easterly winds and at Faro, the north
point of Gotland, hundreds were found dead and lay rotting on the shore the
whole summer (Alander 1940, Lénnberg 1940).

These, of course, may be only small items of information as to what really
happens in the sea, when large areas of the Baltic are covered by ice. Though
it has been difficult to record exact extent, porpoise mortality in some severe
winters is definitely proved. If porpoises normally catch a significant number
of salmon in the sea, this hard winter mortality should be registered by a
rise in the salmon yield during subsequent years. There is also the further
possibility that migrating porpoises return later to the Baltic in those springs,
when the water is cold. If the porpoises catch considerable numbers of small
salmon just arriving at the southern Baltic from the north for their first
season of growth, an extra month of reduced predation may be important.
It might be remembered that Foerster (1944, 1954) found survival in the
sea positively correlated to small increments in the size of descending smolts.
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Gambo
Fjord V*.

Fig. 4. Map of Lillebaelt in Denmark and sketch to explain how the porpoises are caught
at Gamborg Fjord (after Mohl-Hansen 1954).

As the salmon yield in fact rises after severe winters and, moreover, gener-
ally is higher in a period when the Baltic is often frozen, a correlation seems
possible. As was stressed by Shapovalov and Tafe (1954), mortality due to
predation seems more probable for seagoing salmon than mortality from
disease or food shortage. But the evidence of an inverse correlation between
the populations of Baltic porpoise and Baltic salmon is still more suggestive.
When the porpoises migrate from the Baltic in the autumn, they are con-
centrated in the narrow sound between Jylland and the Isle of Fyn. Since
ancient times they have been caught in the late autumn at a place near the
town of Middelfart. The method is described by Mdhi-Hansen (1954), who
says some legislation regarding this hunting dates back to mediaeval times
(Figure 4), The name of the small isle, where the porpoises are finally hauled
ashore, is Svino, referring to the Danish name for the porpoise. The record
catch is said to have been 3,000 porpoises in a season, but the normal annual
catch was usually between one and two thousand (Ekman 1938). This ap-
pears to be a considerable rate of mortality for the Baltic stock of porpoises,
as the female only bears one young per year.
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Fig. 5. The Swedish salmon yield 1870—1950 and the occurrence of porpoise-hunting in

Denmark (the black horizontal bar). Note that the three periods of porpoise-hunting all

were accompanied by a higher salmon yield. Heavy porpoise mortality due to ice occurred
in 1929 and 1940.

If the porpoise had some influence on the Baltic salmon stock, the fluctua-
tions in the Danish porpoise-hunting at Middelfart should have an influence
on the yield of salmon. According to MOhi1-Hansen (1954) the porpoise-hunt-
ing, which had been practised for centuries, was stopped in 1892 owing to
low prices for train oil. It is very suggestive that this was immediately fol-
lowed by the catastrophic fall in salmon yield in the late 1890’s in the Baltic!
Ten years after the termination of the Danish porpoise-hunting, in 1902,
it was pointed out by one of the salmon experts in Sweden (Ling 1903) that
porpoises had become much more common on the Swedish coast in the Gulf
of Bothnia of recent years. Some porpoises were caught and more specimens
were observed. Ling believed that they did great damage to the salmon!

The Danish porpoise-hunting at Middelfart was again practised in 1916—
1919. This porpoise-hunting was followed by a great rise in the Baltic stock
of cod in 1919—1921 (Hessle 1923 b) and by a distinct peak for salmon in
1920—21.

Finally, in the years 1941—1944, porpoise-hunting was again practised at
Middelfart. Monhi-Hansen (1954) obtained about 700 animals to study but
no statistics are available regarding how many porpoises were actually Killed.
Nevertheless, it again corresponds with the steep rise in the salmon population
of the Baltic noticeable from 1941. The number of porpoises drowned in 1940
may have been really large.

The surprisingly coincident rise of porpoise mortality (whether natural or
artificial) and salmon yield is very suggestive (Figure 5). It may be a case of



257

a predator affecting a prey species to a much greater extent than is normally
the case (Errington 1946, Lack 1954). From a theoretical point of view this
prey-predator relationship may illustrate a balance occurring in a case where
there are no food or space restrictions for the prey species, since these com-
pensatory factors can mainly operate on salmon in fresh water but not in
the sea. From a practical and commercial point of view the consequences
may be far-reaching. Since it has already proved possible for a few men to
catch thousands of porpoises a year merely for selling the train oil, it must
be possible in modern times to trap at least the same number with modern
gear, especially if this practice saves hundreds of thousand kronor for the
salmon fishermen of the Baltic.

The relation between porpoise and salmon can be and ought to be tested
by an experiment. The porpoise-hunting tradition of the citizens of Middel-
fart must be revived and as many of the migrating porpoises as possible
caught for some years, so as to see what happens to the salmon in the Baltic.
If the reaction is once again positive a method has been found for conserving
in the Baltic a permanent salmon population more abundant than the present
one.

Summary

1. From data on ice conditions in the Baltic a statistically significant corre-
lation between the area of maximum ice cover of the Baltic Sea and the
salmon yield five years afterwards is proved.

2. Two or three years after a mild winter another peak in salmon yield is
achieved, which is also statistically significant.

3. It is found that the annual temperature conditions in the sea and the rivers
give a fluctuating salmon yield by means of »smolt classes» and »spawning
classes», which are not parallel to the ordinary birth year classes. This
is the biological foundation for the correlations mentioned above.

4. A set of hypotheses is given, according to which transformations in fish,
whether from nonmigratory to migratory or from unripe to ripe conditions,
can be explained. A trigger mechanism, where a temperature stimulus is
the releasing factor acting only during a certain sensitive period, is in-
volved in all cases. The threshold of reaction sinks with the advancing
physiological age of the fish. The sensitive period is fixed by photo-
periodism.

5. The variations in salmon yield caused by temperature fluctuations are
accentuated by the effect of severe winters on salmon predators. A slight
effect may be obtained in fresh water but the main effect is in the sea, due
to interference with the common porpoise, Phocaena phocaena, a species
which is very sensitive to hard winters and has repeatedly suffered great
losses in winter.

17
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6. It is pointed out that the termination of the ancient Danish porpoise-hunt-
ing at Middelfart in 1892 coincided with the catastrophic fall in salmon
yield in the Baltic in the 1890’s. The porpoise-hunting has twice been
practiced again for a short period of years. Both periods have once more
coincided with a rise in the salmon population, one of the periods giving
a peak for the cod population of the Baltic as well.

7. It is suggested that the relations between the Baltic salmon and the por-
poise should be further studied by an experiment. When the Danish por-
poise-hunting is revived, it will take only a few years to see if the salmon
stock will again react.
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