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A. Introduction.

pucruaTions in the yield of the Salmon and Trout Fisheries have for many years been observed in
various countries. Generally they have been attributed to some influence by man such as temporary
overfishing, contamination of rivers, obstacles in parts of the rivers, ete.

The relative poorness in individuals of these species and their peculiar life, confined as they are
in the youngest as well as in the mature stage to parts of the rivers far from their outlet, involves
undoubtedly that great fluctuations in the yield are due to the influence of man.

Observations are present, however, suggesting that the yield of the salmon fisheries can also be
influenced by physical factors?), but very little is known about this at present. The investigations are
usually rendered difficult by the want of reliable statistics for a long series of years. For this reason
we shall limit our investigalions here to one single river, the Gudenaa, in the eastern Jutland (Fig. 1),
for which we possess exact statistics of the yield of lhe salmon and sea trout fisheries for a series of
years. Though the Gudenaa is a small river it has undoubtedly its own stock of salmon as well as of
sea trout?).

The investigations thus concern a small entirety of the field, but the results, which we obtain,
will probably be of use for other localities also.

In the lower course of the Gudenaa by Frisenvold, near Randers, a fish wear existed till a few
years ago (Fig. 2). This wear crossed the river and in this were captured practically all the ascending
salmon and sea trout. The fish wear belonged to the State from 1898—1915, and in this period a series of
experiments were carried out concerning the stock of salmon and trout in the Gudenaa system. The
fish wear was, however, for a great part of the period mentioned not used for capture during the winter,
but in the season from May to November or June to November almost all the running salmon and sea
trout were caught in this fishing apparatus?). A record of the captures in the years 1899—1914 will be
found in the Tables 1 and 2. Also during a long period before 1898, stalistics of the catch of salmon
and sea trout at Frisenvold fish wear are available, but the distinction between the two species were
previously very imperfect. Before the year 1899 the fish recorded as salmon, were only large maturing
silvery salmon, that is, winter salmon?), together with a small number of large summer salmon
which mainly ascend the river in the months May and June. As »sea trout« was recorded the real sea
trout, as well as salmon in the spawning dress. Table 3 contains a record of the yield of the large

1y H. Henkivg: Die Lachsfrage im Ostseegebiet. Rapports et Procés-Verbaux des Reunions. Vol. XVI. Cons. perm. internat.

Copenhague 1913,

Prof. Henking calls attention to the fact that contemporaneous fluctuations in the yield of the salmon and sea
trout fisheries have heen observed in great parts of the Baltic waters,
) A. C. JonaNsEN & J. CHR. LorTiNg: Om Fiskebestanden og Fiskeriet i Gudenaaens nedre Leb og Randers Fjord. Skrifter

udg. af Kommissionen for Havundersegelser, Nr. 9. Kebenhavn 1919.

7 By »winter salmon« we understand: silvery salmon ascending the river in the time from October to the end of April

in order to spawn in the following autumn. By summer salmon we mean salmon ascending in the time after May 1st
and spawning in the spawning season of the same year.



maturing silvery salmon in the period 1853—1898, and in Table 12 (p. 34 ) the catch of sea trout together
with summer salmon is represented for the months June-August in the period 1880—1898.

When we, in the following, try to account, as far as possible, for the causes of the fluctuations in
the yield of the salmon and sea trout fisheries in Gudenaa, we shall take into consideration, firstly the
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Fig. 1. Gudenaa and its affluents.

Gudenaa has a length of 157 km from its rise in the middle of Jutland to Ugelhuse by Randers Fjord, Its head
stream rises ca. 63 metres above the sea. The lower part of the river between Silkeborg and Ugelhuse has a length of ca. 81 km
and a fall of 19 m, or !/, of the length.

The salmon and sea trout are in the main restricted to the stretch Silkeborg—Randers Fjord. At Silkeborg
there is a dam and a fish-ladder which is passed by only very few salmon and sea trout. At Glentholm there is a large
eel-trunk which makes an absolute hinderance for a further ascent of the salmon and sea trout to the upper part of the river.
In the lakes, which are drained by the Gudenaa, lake trout occur, but there are no fresh water colonies of the salmon. The
spawning places for the salmon were sitnated in the main stream between Resenbro and the outlet of Tangeaa, and probably
in the lower part of Tangeaa and Borreaa.
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natural amount of fry, secondly the liberated amount of fry and thirdly the temperature.
Other circumstances may also have some influence, for instance the amount of food, the number of

rapacious fishes, the light, the amount of oxygen in the water, and so on, but such factors can not at
present be subjected to an investigation.

Fig. 2. Frisenvold fish wear. After C. F. DRECHSEL.

ab and cd. Arms of the fish wear. k. Reservoir for mature salmon from which eggs and sperma
e. Head, where many large salmon are caught. are taken for fertilisation.
f. Entrance to head. 1. Fairway for prams.
g. Fore-court. m. Trellised Gate.
h. Entrance to Fore-court. n. Gate to the catching court.
i. Catching court, where some salmon and sea trout are caught.  p. Pales which protect the fish wear against ice drift.
A man in the wateh box takes notice when the fish moves  q. Foot-bridge.

over the threshold, and he then shuts the gate of the court.

We might, a priori, regard il as probable that the yield of the salmon and sea trout fisheries
depends on the amount of food suitable for the fry at the time when the absorption of the yolk sac takes
place. The hatching of the fry takes place normally in the month of March, and the absorption of the
yolk sac takes place mainly in April. The amount of food is undoubtedly highly dependent in spring
on the temperature and probably most abundant when the temperature is highest. It will thus be natural
to investigate if the fluctuations in the yield might possibly in some degree be explained by the influence
of temperature upon the amount of food in spring and through it on the amount of fry surviving the
critical period immediately after the absorption of the yolk sac. An investigation of this kind is possible,
as we know the time elapsing between the hatching of the salmon and its ascending from the sea as
winter salmon?). This time is normally 4/,—5 years, so that the problem is to undertake a com-
parison between the temperature in the month of April and the capture of maturing silvery salmon in

1y See Johansen and Lefting 1. ¢. 1919. Only veryb few salmon come to spawn more than once in Gudenga.
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Table 1. Number of Maturing Summer Salmon captured at the Frisenvold Fish Wear in the Various Months
of the Period 1899—1913.

Time in which the fish
May June July Aug. Septbr, Oct. Novbr. | Decbr. | Total zlvg“t" 235 i‘;etir?ecfguig
take place
18499, < 5 .0, 1| 17 46 16 2 4 — — 86
JO0D. s et 15 19 43 25 3 — — 9 114
TOOICE S e 10 32 73 30 2 — 4 - 151
1902: - - = & 20 29 31 11 5 3 i) - 100
L9030 s 11 13 9 11 1 2 — — 47
190, . . . < 9 24 39 17 4 — 1 5 95 1.—12. May
1905, o5 oy 6 11 64 11 4 9 3 — 108
1908; % . . 11 74 99 21 G b 5 — 221
1907 b —s 48 35 9 — — — — 92 May
E908. o — 19 33 12 2 — - — 66 ==
1909 .. .. wn —_ 51 60 26 b — — 146 —
LR b e 46 180 67 5 10 2 2 312 —
LTS s e — 106 94 17 1 3 — — 221 —
1812 e — 39 43 12 — 2 — — 96 —
NG, | 5as 50 56 18 7 1 - o 132 2

Table 2. Number of Maturing Sea Trout captured at the Frisenvold Fish Wear in the Various Months of the
Period 1899—1913.

April | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. || Total Time in which the fish wear has been
open, so that no capture could take place
1390 o 1 — 33 104 87 96 96 e = 417 Novbr.—Dechr.
10008 . SN — 1 23 113 106 69 67 9 6 394 until 26, Jan. 1. Febr.—12. March
1907 . S, — 1 24 64 | 126 54 93 12 1 375 9.—29. Decbr. (part of February)
1902 . R — == 13 69 85 72 61 — 307 31. Jan.—2. May
LSRR — — 24 38 49 62 35 1 = 209 1, Jan.—27, March
¢. 1.—23. January
1908 oo SR — 1 19 132 105 67 62 14 6 406 {c. 9. Febr.—19. March
c. 3. April—12. May
1908, & & i — 2 29 79 78 98 97 37 5 425 ¢. 3. March—9, May
bt e s e — 3 64 108 71 63 124 48 b} 486 Jan.— April
LONT oy o Srea g — — 11 69 100 111 130 12 3 436 —May
10085 A e — — 33 119 68 89 83 25 5 422 —
1 [N e e = — 28 93 53 54 87 3 — 318 ==
1910 o O o = — 90 284 141 86 120 22 6 749 =
il B ERMRRLC AR 0 e — 94 186 91 47 162 4 1 || 585 —
100 I el — — 64 108 210 135 154 | 7 — || 678 —
b el R s s — — 65 189 76 117 140 ! 21 2 610 —_

the months November-April 41/;—5 years later. In this connection, however, it must be understood,
that the salmon calch 4!/,—5 years after the month of April in a certain year cannot, in the material
available, be separated from the salmon catch 4—4!/, years after the same period; but the catch of salmon,
according to the old notion of this term, was in May—October so insignificant in proportion 1o the catch
in November—April, that it will not influence the calculations much, if it is included in the yield from
November—April.

The comparison is thus undertaken for the period 1849—1894 with regard to the April tempera-
ture and for the period 1/; 1853—3°/, 1899 with regard to the catch for years running from i to %00,
During this time no artificially hatched fry of any importance was liberated in the Gudenaa, so we need
not consider the effect of this. Corresponding to the values put down in column 2 Table 3 p. 8 for the yield
of the periods of capture indicated in column 1, the mean temperature has been put down in column



7 for the month of April in that year (column 6) with which the yield shall be compared. As we have
no continuous measurements of temperature in the sea or in Randers Fiord for the greater part of the
years in question, we have by this comparison, contrary to what is usually the case in this freatise, been
obliged to regard the temperature of the air instead of the temperature of the surface water. We are
indebted to the Danish Meteorological Institute for a series of values for the mean temperature in April
in Randers for the years 1864 —1894, but for the years 1849—1863 we have been obliged to take the
mean values for Copenhagen and have corrected these according to the difference between the April
temperature in Randers and Copenhagen in the years 1864—1894. The difference was, however, not great,
as the April temperature in Randers was only 0°.2 lower than in Copenhagen. )

By a direct comparison of the two numerical series in column 2 and in column 7 of Table 3 we
obtain the impression, that there is no distinct connection between them, but in order to investigate the
question more closely, we shall employ a method, which enables us, to a higher degree than the mere
subjective estimation of a direct comparison, to determine if a connection exists between the values for
the yield and for the April temperature. This method is what is called the co rrelation method in a
somewhat modified form, and for the sake of the employment of the method later on in this paper, we
shall explain here the use of it.

We start from the supposition that we are dealing with two numerical series containing the same
number of figures in each for comparison.

Let the two series be:

1st series A; Ay Az A, . . . . An
ond — B; B, By B, ....Bn

If the figures in the two series are connected in such a way that when A of a certain index is
great, B of the same index is also great, and vice versa, when A is small B is also small, we say that
a positive correlation exists between the quantities, A and B. If we on the other hand have a small
A corresponding to a great B and a great A corresponding to a small B the correlation is called
negative.

In order to find a quantitative expression for the correlation we calculate first the mean
value A, of the terms A and subtract this mean from all the terms of the series. The guantities:
A—An Ay—Am . . - and so on, which we obtain in this way, indicate the deviation of the separate
values from the normal one. For the sake of shortness we will put A, — An =255 Ay — Ayn —ay and s0
on. In a similar way we calculate the deviation from the mean for the terms in the series B,, B, etc,
and thus we obtain a series by, by, by etc. The terms in the two series a;, a3, a; etc. and by, b,, b; etc.
may now according to the circumstances be positive or negative, as the total sum of the terms in each
of the series will be 0. '

In the two numerical series for a and b, a positive correlation will as a rule be indicated when
the signs for a and b are the same, whereas the signs in a negative correlation are generally different.

If we, in this way, perceive that a correlation exists between the two series, we calculate its
quantitative value indicated by t by the formula:

= Zab
Y= a2 3b?

The numerator of the fraction is the sum of all the products, which can be formed by the
corresponding figures a and b. The denominator of the fraction is the square root of a product of
the two factors of which one is the sum of the squares of all the terms of the (a) series, the second
sum total of all the squares of the (b) series. The denominator of the fraction is always positive, the
numerator of the fraction may be positive or negative according to the nature of the correlation. Terms
of the (a) series and (b) series with the same signs tend to make it posilive, terms of the (a) series and (b)

14



Table 3. Catch of Salmon in Frisenvold Fish Wear and the Catch Anomaly per cent in the Period
1.—V.—1853 to 30.—IV.—1899, etc.

Normal Catch Catch Deviation of
Catch F Cateh N anomaly anomaly Year Mean the April
Period of catch No. of F—N per cent of temp. |temperature| temperature
specimens N(?' of No. of IDOXF — N observ. in April |from the mean
specimens | specimens N value 5.3
From 1.—V.—1853 to 30.—IV.—1854 288 387 — 99 —26 1849 4.7 —0.6

» gty 64 » » » 55 800 369 431 117 50 5.2 —0.1
¥ » » 55 » » 56 423 301 72 21 51 6.1 0.8
» » » 56 » » » 57 175 334 —159 —48 22 3.3 —2.0
b » » 57 » » W 58 135 318 183 —b8 53 2.6 —2.7
» n » 58 » » » 59 201 302 -—-101 —33 b4 6.2 0.9
o » 59 » » » 60 509 287 222 77 b5 3.7 —1.6
» » » 60 » » b 61 375 271 104 38 56 6.3 1.0
» » » 61 » » » 62 126 256 —130 =5l 57 4.1 =12
» » » 62 » » 63 74 242 — 168 —69 d 58 53 0.0
» ? » 63 » » » 64 73 228 —155 —68 59 5.1 —0.2
» » » 64 » » » 65 109 215 —106 —49 60 5.1 —0.2
Sl » 65 » =» » 66 360 205 155 76 61 4.6 —0.7
¥ » » 66 » = » G7 278 196 82 42 62 5.2 —01
» » » 67 » o » 68 71 187 —116 —62 63 6.6 13
» 9 » 68 » » 69 79 178 — 99 —56 64 5.9 0.6
¥ » » 69 » » » 70 256 170 86 51 65 6.7 14
» 2 » 70 » » ] 71 91 164 — 173 —45 G6 6.2 0.9
» » » 1 » » y " 72 293 157 136 87 67 4.9 —0.4
» » » i R T » 73 235 151 84 56 68 5.9 0.6
¥ » » T30 %0 » 74 83 145 — 62 —43 69 7.6 2.3
» » » T w2 75 74 138 — 64 —46 70 6.5 1.2
» » n 7 2 3 » 76 118 131 - 13 —10 71 3.8 --1.5
y.o% 0 w38 a3 77 126 125 1 1 D 6.9 18
» » » 9T % > » 78 127 120 it 6 73 4.8 —0.5
» » » 78 » » ) 79 8 115 —107 —93 74 6.8 1.5
» »  » 79 3 » 80 15| 110 1 1 75 5.6 0.3
» » » 80 » » » 81 10 105 — 95 —90 76 6.2 0.9
» » » 81 » » » 82 334 102 232 227 i, 35 —1.8
»  » » 82 » » » 83 73 99 — 26 —26 78 7l 1.8
» » » 83 » » » 84 109 96 13 14 79 3.9 —2.1
» » » 84 » » 85 130 94 36 38 80 6.4 b
» » » 85 » » » 86 149 92 57 62 81 3.1 —2.2
» » » 86 » » » 87 38 90 — b2 —b8 82 5.0 —0.3
» » » 87 » » » 88 129 89 40 45 83 5.4 0.1
» » » 88 » » » 89 53 87 — 34 —39 84 5.0 —0.3
» » > 89 » » » 90 140 86 b4 63 85 6.5 152
» » » 90 » o » 91 74 84 — 10 —12 86 6.3 1.0
» » 91 » » » 92 43 83 — 40 —48 87 5.2 —0.1
> » » 92 » » » 93 97 82 15 18 88 2.5 —28
» » » 93 » » » 94 154 81 73 90 89 5.5 0.2
» » » 94 » » » 95 15 80 65 —81 90 53 0.0
» » » 95 » » » 96 68 79 =51 —14 91 4.0 —1.3
» » » 96 » » » 97 33 78 — 45 —b8 92 5.0 —0.3
» » » 97 » » ) 98 57 77 20 —26 93 6.7 14
» » » 98 » » » 99 138 77 61 79 94 o 2.4

mean . . . 5.33 J 0.03

series with different signs tend to make it negative. If the signs for connected (a) and (b) values are alter-
nately alike and different, the numerator of the fraction will have a small casually positive or negative
value to mark that no correlation exists between the two series. Should the signs for connected values
of a and b on the other hand be the same, and the values proportional (a=+ kb or a= — kb) the corre-
lation between the series has the greatest possible numerical value, namely 1.
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By the calculation of the correlation between two series we thus obtain a figure belween 41
and — 1. In order to determinate, whether we ought to attribute any importance to the obtained value
r for the correlations we compare it with its standard deviation ¢, which is calculated by the formula:

il
=
where N means the number of all the terms in the (a) series or (b) series. The standard deviation ¢; is an
expression for the uncertainty in the calculated value of r, and the formula shows that the standard
deviation ¢, becomes the lesser the greater the correlation is and the lesser the greater the number of
terms on which its calculation is based.

If any importance is to be ailached to the calculated correlation we must demand, that it should

be considerably greater than the corresponding standard devialion. Generally we require the correlation
r to be 2 4 3 times greater than the standard deviation ¢, thus:

Or

r
O’T->2'

If the fraction OL is less than 2 we shall generally not attach any importance to the correlation

found. We shall howew:er do so, if an examination of the same phenomenon during analogous conditi-
ons in a series of cases gives us a correlation of the same kind, positive or negative, be it even in some
cases only of the size of the standard deviation.

The method of treatment stated here can, however, not be used directly for the yearly values of
the yield of the salmon capture in Gudenaa. The difference between the catch in a certain year and
the mean catch for a series of years cannot be regarded as the deviation from the normal yield for the
year in question. On account of the systematic decrease in the yield of the fishery, we would obtain
essentially positive deviations from the mean figures in the first half of the series 1853—1898, and essen-
tially negative deviations in the last half of the series. Instead of the deviations from the mean caich
we will therefore reckon with deviations from a »normal« yield of the fishery, which is different for the
different periods, and which is obtained by a graphical smoothing for equalization of the values of the
yield for the different years, which are marked on Fig.3 p.13. This smoothed curve is represented on Fig. 3, and
the values obtained in this way for the yearly normal yield N are put down in the 3rd column of Table 3. In
column 2 Table 3 are stated the directly observed values for the capture F, and in the 4th column the difference
F—N between the yearly yield and the normal yield. The smoothed curve is drawn in such a way that
the tolal of the differences is about 0, and we might now consider using these differences for the cal-
culation of the correlation between the yield in one year and the temperature of April in question.
Owing to the syslematical variation in the yield in the course of the years, which is expressed by the
smoothed curve on Fig. 3, it must however be considered more rational not to use these differences but
the fractions which they form of the corresponding normal captures, as we obtain in this way a series
of figures whose deviation values from the zero can only be due to the causes, which we want to trace
or to »casunal causes¢ which we cannol account for, and as we have reason to expect a systematical
variation in these deviations they have thus the same properties as observations whose deviations from
the mean values may be regarded as casual. For use in the calculation we have accordingly in Table
3, column 5, put down the per cent which the difference between the real yield and the normal catch
forms of the normal catch. We shall here and in the following call this fraction the catch anomaly
per cent.

In the drawing of the curve representing the normal yield, we have taken care that the total of
the values put down in Table 3 for the catch anomaly per cent should be 0. By the calculation of
the mean of the values put down in column 7 for the April temperature it appears that this, given to

!



10

two decimals, becomes 5.33. If we approximate it to 5.3, and if we give the difference between the
separate April temperatures and this mean value, as it is done in column 8, the total of these differences
will not be 0 but 1.5. Nevertheless we can use the figures put down in column 8 for the calculation
of the correlalion factor when we transform the formula for r, and as we in this way avoid the cal-
culation of the deviations from the means with such great exaclness as we might, otherwise, be frequently
obliged to do, the method will here be explained.

We suppose the means of the two numerical series for a and b not to be 0, but respectively
am and bn. The expression for r will thus be:

Z(a— am) - (b—bm)
T = —|— z
12 (@ —aw)?- 2(b— bu)?

which by simple transformation may be put down as:

Za-3b
Eab—T

ffos =%

where =a and = b signify the sums respeclively of the (a) series and of the (b) series, and N the number
of the pair of values.

[t will be seen that we can calculate r by means of the last formula, when we know 2 a% Zb?
>.a, =b and N independent of the value we have chosen as slarting point, by calculating the difference
between the original values for A or B and the approximate values for their mean values ay and bm.
Generally we shall however chose the approximate values for the mean figures of the original series as
close as possible to the actual mean figures as this affords the easiest calculations.

It will be seen that the value for r remains the same, whatever unity we chose for a and b.
We can e. g in the case mentioned for the catch anomaly per cent conveniently use 10 %, as a unity
and round the figures accordingly. For the April temperature we may take /,,° as a unit and we shall
thus obtain for comparison the numerical values put down in the first two columns in the survey below
(Table 4). In the columns 3, 4 and 5 of the survey will be found the figures necessary for the calcula-
tion of the expressions Zaf Z b* and X ab; and below in the survey will be found the calculated
numerical values for the sums which are to be used for direct insertion in the formula. In the present
case N is equal to 46.

o — b78
V1950 * (7593 S . 21‘%5‘)
which gives r= — 0.150.
— 2
By means of the formula o = ] Vﬁl for the standard deviation of the correlation coefficient we get
o= "9T18 _ .144,

Y46

For the ratio 31.'_ we thus find

— = — 104,
Oy
That the correlation coefficient is negative would thus suggest the yield of the catch to be
relatively great when the April temperature considered was relatively low and vice versa, but as the
correlation coefficient is of the same magnitude numerically as its standard deviation we cannot attribute

any importance to it, and the result of the investigation carried out will thus be, that no connection
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Table 4. Calculation of the Correlation between the Catch Anomalies for Salmon and the Temperature
Anomalies of the Month of April 4!/,—5 Years before the Catch.

Catch anomaly ﬁﬂb}'ln?l?n for
per cent P‘:at‘:re]’e 3 & s
a b
Unity 1079/, Unity 1/,,°

rs = o 36 18
12 —1 144 1 19

2 8 4 64 16

= —20 25 400 100
—= —27 36 729 162
=% 2 9 81 — 27

8 —16 64 256 —128

4 10 16 100 40

=9 —12 25 144 60
—1 0 49 0 0
—t — 2 25 1 10

8 — 7 64 49 — 56

=4 13 36 169 — 78
—6 6 36 36 _ 38

5 14 25 196 70

et 9 16 81 _ 4

9 — 4 81 16 _ 36

4 a 26 36 36

—d 23 16 529 — 92
=4 12 25 144 — 80

~ 1 —15 1 225 15

0 16 0 256 | 0

1 =8 1 25 — 5

e 15 81 225 —135
o 9 81 81 _ 81

23 —18 529 324 414

e 18 9 324 2

1 —21 1 441 _ 9

4 1 16 121 m

6 —22 36 484 —139

i e 36 9 18
b 1 16 1 4

i T 16 9 12

6 12 36 144 7

=1 10 1 100 10
=4 — 25 1 B

2 —28 4 . 784 _ 56

9 2 7 ‘81 4 18

—8 0 64 0 0
i —13 1 169 13
i i 36 9 18
—3 14 9 196 49

8 24 64 576 192

Sum Za =0 Zb=-+15 [ Za? — 1950 ‘ Zb? = 7593 Zab = — 578

- Za-2Zh
S - = — D150,

I/(Z.—.s i {—Zl;a)‘) (zbz _(¥ ) ,/1950 : (7593 L %)
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exists between the April temperature in the year of hatching and the catch of winter
salmon 41/,—5 years later.

We shall now restrict our investigation about the causes of the fluctuations in the catch to the
varying amount of fry, and the influence of the temperature upon the time when the sal-
mon are ascending the river.

B. Fluctuations in the Catch of Salmon in the Gudenaa caused by Variations
in the Natural Amount of Fry.

If we consider Fig. 3 showing the catch of large silvery salmon (thus mainly winter salmon) at
Frisenvold fish wear in the years 1853 to 1898, it will be seen that the curve shows certain maxima
and minima, occurring with regular intervals. This phenomenon is specially conspicuous in the period
1853—1868. Between the culminating points there is an interval of 5—6 years. These maxima and
minima find their natural explanation in the following way: The life cyclus of the winter salmon is
as a rule 6 years, more rarely 5 years!). It is supposed that in the years when the yield is large a
more abundant amount of fry is hatched than normally, as probably more salmon, on an average, escape
the fish wear (in the case of floods etc.) in the years when the run is great than in the years where the
run is less, and when proportionately many salmon come o spawn, more fry are developed on an
average than usually. The maximum of the curve will in this'way repeat itself with an interval of 5—6
years for the winter salmon.

Although it appears rather plainly by a mere consideration of the curve Fig. 3 that there really
is a connection between the catch in one year and the catch 5—6 years later, it may be of interest to
investigate this connection more closely, and we will, for this purpose, use the method of correlation
mentioned before. '

As a basis for the calculations we use the values put down in Table 3 (p. 8) for the catch ano-
maly per cent.

For the sake of brevity we shall indicate these yearly periods by the calendar years, the period
will thus be indicated by the calendar year in which for the greater part it is contained.

We will thus compare the anomalies per cent for 1853, 1854 .... 1897 with the anomalies per
cent for 1854, 1855 .... 1898. In this way we get an investigation of the connection existing between one year
and lhe following year. In a similar way we shall investigate the connection between the yield in one
year and that in the second, third, fourth, fifth, sixth and seventh following year. We shall then at any rate
expect that a connection will appear between the yield in one year and the yield 5 and 6 years later.

The calculations for the different displacements give the following result:

Displacement: Number of years

1 2 3 4 5 6 7l
r =017 =—0.11 ~+ 0.25 0.05 0.06 0.32 — .31
Ox 0.14 0.15 0.14 0.15 0.16 0.14 0.14
r
= — 1.2 — (.76 —18 0.36 0.37 2.24 +—2.15

Or
From this will be seen that a distinct positive correlation seems to exist between the yield in
one year and the yield 6 years later. Thus, had the yield in a certain year been proportionately rich,

1) The life_time of the young salmon in the fresh water lasts as a rule in Gudenaa 2 years (ca. 80 %) more rarely 1 year.
The winter salmon spawns almost always 3!/,—4 years after its migration to the sea. (2!/,—3 years in the sea, 1 year
in the river) comp, A. C. Johansen and J. Chr. Lefting 1. c. 1919,



normal or low, we must expect a similar yield
6 years later, in the event of the conditions for
the spawning and the development of the fry
remaining the same.

By a displacement of 7 years, we have
on the contrary found a negative correlation,
the meaning of which would be accordingly
that 7 years after a rich fishing year we should
have a year with a lesser yield and vice versa.
The rest of the correlation coefficients are rather
inconsiderable in proportion to their standard
deviation, but as they, when arranged according
to the degree of displacement shew a systema-
tic sequence, in their signs, we dare not a priori
say that they are of no importance. If we mark

: E :
out the fraction 5 na co-ordinate system as

ordinates and the displacements as abscissae,
as shown in Fig. 4, it will be seen that the
correlation coefficients seem to vary systema-
tically with the value of the displacement
as indicated by the dotted curve. The correla-
tion coefficient is negative for displacement of
1, 2 and 3 years, positive for displacements ot
4, 5 and 6 years, and again negative for dis-
placements of 7 years.

If we ask for the cause of this varia-
tion of the correlation coefficient, it will thus
be seen, that the proportionately high positive
value for a displacement of 6 years can hardly
be explained in any other way than by sup-
posing that in the rich catch year proportion-
ately many salmon are also spawning, and
that the prolific number of eggs will normally
produce an abundant quantity of fry, and this
again will cause a great stock of fish
and a richer catch 6 years later, the case
being, as shewn before, that the life cyclus of
the winter salmon from the run into fresh
water till the run of the offspring into fresh
water is, as a rule, 6 years.

It is also to be expected that some
connection exists between the catch in a cer-
tain year and the catch 5 years later for the
following reasons:

Firstly, some of the winter salmon,
perhaps ca. 20 9/,, have only a life cyclus of
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Fig. 3. Catch of winter salmon and large summer salmon at F



14

r

o 5 years as the specimens in question only spend
3+ 1 year in fresh water before the migration to the

sea takes place. :
2 : Secondly, a lesser number of the »sal-
P monc« are large summer salmon which are spawn-
1+ ,/ & ing a few months after the running. The offspring
o,’/ o \\ of these specimens will mainly go into the Gudenaa
0 i 5 3 /‘f‘i € g V9 Years O years after the period in question, and speci-
o i mens which only spend 1 year in fresh water will
=Li=a s ’/" \\\ as a rule ascend the river 4 years after the period con-
Ee e 5 * cerned. There will thus be a certain — though very
VA= o) slight — connection between the catch in a certain
year and in the catch 4 years later. This will also

Fig. 4. Graph showing the o for the connection between the reveal itself in the calculations by the fact that

catches of the different years. The value of air for »1 yeara re- the correlation coefficient is pOSitiVB for 4 and
presents the connection between the catch of one year and the 0 Yyears displacement. A quite insignificant connec-
following year, the value for »2 yearse the connection between tion must also be supposed to exist between the
the catch of one year and the catch two years later and so on. catch in one certain year and that 7 years later, as
quite a few winler salmon have a lile cyclus of 7 years, the specimens in queslion spending 3'/,—4 years
in the sea before the running (Johansen & Lefling 1919).

In addition a very slight connection must be supposed to exist between the catch in a certain
year and the catch in the following year, as some salmon will escape capture during their first spawn-
ing visit into the Gudenaa and thus obtain a chance of a new spawning visit to the Gudenaa in the
following year. This fact will also cause a slight connection between the catch in one certain year and
that 7 years later.

When the calculations for displacements of 1 and 7 years have given negafive correlation coeffi-
cienls in spite of an expected positive connection, this may be explained by the fact that a rich catch
year through ils abundant fry does influence not only the following 6th, but also the following 5th and
possibly 4th year. In the course of 2—3 periods of 6 years the effects of the abundant fry connected
with a rich catch year may be expected to be 3 successive years with rich catch. If we, moreover, do
not take casual favourable or unfavourable circumstances into consideration, we might expect that a 6
years period would gradually in the main be divided into a rich and a poor part, to reach at last a
certain stability for all 6 years. Thus we shall naturally expect that a considerable negative correlation
exisls belween the caplure in one year and in the following third year, as the figures p.12 shew. When
we rtemember also that the levelling of the catch previously explained takes place in such a way that
the catch which for the greater part should come in a certain year, may partly come earlier, but only
to a very slight degree later, it will also be understood, that a negative correlation, as shown by the fi-
gures may exist between the catch in one year and the catch 7 years laler.

For the period 1899—1914 the statistical material available concerning the salmon catch at Fri-
senvold fish wear allows of a much finer analysis than for the period 1853—1898. In the first instance a
true distinction between salmon and irout is maintained after 1898, and secondly, the totallength of each
of the fish captured was measured. On the other hand the fish wear was not kept closed for catch in
certain of the winter months. While we possessed statistics comprising essentially the winter salmon for
the earlier period, we have for the period 1899—1914 complete statistics concerning the calch of sum-
mer salmon.

The summer salmon consists mainly of two groups: Group A, which spawn ca. 18 months
after the migration to the sea and which mainly runs in the months July and August, and Group B,

the spawning time of which occurs ca. 2!/, years after the migration to the sea, and whose main run —
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takes place in June and July. To this must be added a few summer salmon of Group C, which have
passed 3 years in the sea and which spawn ca. 3!/, years after the emigration.

The majority of the salmon of all these three groups spend two years in fresh water as
young salmon.

We have now as shewn on Table 6 page28 been able to distinguish between salmon of Group A
and salmon of Group B. It has been possible to carry out this distinction approximately by means of a
consideration of the size of the specimens and by an invesligation of the scales of a smaller number of
specimens!). The few specimens of Group C could, on the contrary, not be separated from Group B
in the material at our disposal.

It will be seen from what has been set forth here, that from the fry in a certain year will partly
originate A-salmon three years later, partly B-salmon four years later, and now it just appears that an
obvious connection exists between the number of A-salmon in a certain year and the
number of B-salmon in the following year.

If we investigate for the months June, July and August the correlation between the catch anoma-
lies for A-salmon in one year and the caich anomalies of B-salmon in the following year in the period
1899—1913 we obtain the following values:

r = 0.783; o, = 0.103; ;;— — 7.0

r

This result points plainly in the direction that the fluctuations in the yield depend
essentially upon the amount of fry. It does not shew, however, how far it is the fry naturally
developed or the fry artificially hatched which has been more fruitful in the period 1899—1914. As
will be seen from the following chapter, it is to be supposed that the majority of the captured summer
salmon in this period originate from the artificially hatched fry.

The calculation stated above shews that we, with a considerable certainty, can predict that if
relatively many A-salmon are caught in a cerlain year, relatively many B-salmon will be caught in the
following year, and that a small catch of A-salmon will be followed by a small catch of B-salmon in
the following year.

C. Fluctuations in the Catch of the Salmon and Sea Trout influenced
by Variations in the Output of Fry.

With regard to the summer salmon it will be seen from Fig. 5 which represents the number of
the salmon caught in June, July and August in the period 1899—1913, that a few distinct maxima occur,
separated by a period of 4 to 5 years. These maxima can hardly be explained as being quite analo-
gous with the maxima before mentioned for the winter salmon, though the normal life cyclus of the
summer salmon is for the males as a rule 4 or 5 years and for the females as a rule 5 years. Almost
all summer salmon ascending the Gudenaa to spawn, which are not caught already in Randers
Fiord, will be captured in the fish wear at Frisenvold. There is no reason to suppose, that many more
summer salmon escape the fish wear in the years where the running is greatest than in the other
years. Frisenvold fish wear has been used for capture all through summer in all the years from 1899—
1913, and large floods are rare in summer. There will thus be reason to investigate if the two distinct
maxima in the catch in 1906 and in 1910 may not be due to other causes than variations in the amount
of the salmon fry developed in Gudenaa (Fig. 5).

") A. C. Jouansen & J. Cur. Lorting: »Uber den Gudenaa-Laks« in H. Henking: Die Lachsfrage im Ostseegebiet II. Rap-
ports et Procés-Verbaux Cons. perm. Internat. Vol. XXIII 1916.

1.4
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Table 5. The Output of Fry of Salmon in the Gudenaa and its Affluents
and the Catech of A-Salmon and B-Salmon 3 and 4 Years later.

Amount of output Catch of Catch of S;:; n‘;fn::;
Year Tiny fry Half.year fish salmon of A- salmon of B- M oE
for output Group 3 years || Group 4 years | 4 o300 and
s Chousands after output after output sl
‘T I i S v v =
1900 0 0 17 49 66
1901 40 3.8 46 21 67
1902 32 4.5 87 86 173
1903 130 5.0 135 80 215
1904 40 22.0 12 34 46
1905 0 4.2 32 76 108
1906 40 14.0 70 114 184
1907 152 41.0 198 191 389
1908 20 14.0 30 58 88
1909 30 15.0 38 104 142
1910 20 21.0 28 4%) 3%
1911 48 19.2 %)
1912 0 49.4
1913 0 28.0
1914 0 40.0

# On account of the high summer temperature in 1914 the fish wear was not used for catch
during the whole summer.

We shall now investigate if the maxima in queslion in 1906 and in 1910—11 can be explained
by the fact that proportionately much artificially hatched fry was liberated in Gudenaa or in its affluents
in cerlain years before 1906 and 1910—11.

As will be seen from Table 5 the output comprises especially large amounts of young fry in 1903
and in 1907, and especially large amounts of 6 months fry in 1907 and in the years 1912—14. Should
the output of artificially hatched fry shew any effect at all, it would, in the main, be traced 3 years
later for Group A and 4 years later for Group B. In order to obtain a total expression for the effect
of an output of fry it will thus be natural to regard the two effects upon A-salmon 3 years after and
upon B-salmon 4 years after the output. _

By means of this proceeding we avoid in the main the disturbing influence of the phenomenon
(which will be mentioned in a later chapter) that a high summer temperature will further the maturity
of the salmon and will thus produce a relatively great running of A-salmon, while a low summer tem-
perature will have the opposile effect.

It will be seen from Fig. 6 p. 18 that there is a distinct agreement between the curves showing
the number of liberated young fry and the curve representing the catch of A-salmon 3 years later plus the
catch of B-salmon 4 years later. It is worthy of especial nole that the great output of young fry in
1903 was followed by a maximum in the catch of A-salmon in 1906 and B-salmon in 1907. In the
year 1902 the salmon catch was less than normal, and there is thus nothing to suggest that specially
large amounts of naturally hatched fry should have occurred in the spring of 1903. The liberation of
6 months fry was also inconsiderable in 1903. The great output of tiny fry in 1907 was also followed
by a maximum in the catch of A-salmon three years later and B-salmon four years later. The two
distinet maxima in the catch of A-salmon in 1906 + B-salmon in 1907 and of A-salmon
1910 4+ B-salmon in 1911 can thus naturally be explained by the fact that proportiona-
tely large amounts of young salmon fry were liberated in 1903 and in 1907. Less con-
spicuous on the other hand is the accordance between the number of liberated 6 months’ fry
and the catech of A-salmon 3 years later + the catch of B-salmon 4 years later. It is true that the great

v
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6 months fry correlated with catch of A-salmon -+ B-salmon.
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As we have liberated, on an average, about 4 times as many specimens of tiny fry as

of 6 months old fry in the period 1901—09 (see Table 5), and as 1000 specimens of 6
months’ frywould cost ca. 15 times as much as 1000 specimens of tiny fry, it appears that
the liberation of tiny fry is more advantageous than that of 6 months old fry.

For the sake of making clear to what degree the liberation of tiny fry and of 6 month’s old fry
does influence the catch we have submitted the present material (Tables 5 and 6) to a closer investigation.

If we assume, that from a certain amount of fry Q, a fraction p will be caught 3 years later
as A-salmon and another fraction q 4 years later as B-salmon, the total number of specimens captured,
F, originating from the amount of fry considered, will be F=(p + q) Q. If we take for granted that
the fractions p and q will practically be the same for the whole series of years, we will thus obtain the
result that the considered total catch F of the specimens of the A and B groups on the whole must be
proportional to the amount of fry Q. Casual factors may naturally cause that p and q can only with
approximation be considered to be the same for different years, and this will be shewn in the fact that
a calculation worked out on this basis will show a considerable standard deviation for the coefficient
p -+ q. One of the circumstances which has the effect of causing p and q to differ from one year to
another, is that a high temperature in the spring months produces a displacement of specimens from the
B-group to the A-group (which will be mentioned later on) as some of the specimens which should run
normally as salmon belonging to the B-group, by reason of a high temperature, shorten their stay in the
sea and run as salmon of the A-group, and vice versa, a low temperature, has the effect that some of
the salmon which should run normally as specimens of the A-group, remain a year longer in the sea
and run as specimens of the B-group. In this case we have thus a displacement of a certain number
of specimens from the amount g Q of B-salmon captured in one year to the amount p Q of A-salmon
captured in the preceding year, or vice versa, but this will not influence the considered total pQ + qQ,
if we may take it for granted, that the number of the specimens, passing over from one group to another,
will not be changed essentially in such a way that a greater part of the B-salmon is destroyed in the
course of a year’s stay in the sea. It is at any rate to be presumed that we possess the best expression
that can be obtained in the total of the captured A-salmon in a certain year plus B-salmon in the following
year for the number of the specimens which originate from the fry which has been present three years
before the catch of the A-salmon and 4 years before the catch of B-salmon.

In order to obtain the best possible expression of the way in which the total catch depends upon
the output partly of the tiny fry, and partly of 6 months’ old fish, we have put down the catch total F
as a function of the output of tiny fry (m) and 6 months old fish (M) and a constant C, indicating the
catch which would have occurred, if no artificially hatched fry had been liberated. Thus we have:

F=xm+yM+C

F and C express the number of specimens, m and M are given in thousands.
If the calculation is carried out according to the method of the least squares we find from the
figures stated in Table 5:

1y The material for calculating the correlation is, however, not quite satisfactory, a. o. because of the fact that there is a
certain correlation between the amount of the tiny fry liberated and the amount of the 6 months old fry (r = 0.60;

r
o = 0.20 = i 3.0) and because the period in which the conmection between output and catch has been investigated
r

is rather short.
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x = 1.4; standard deviation of x equal to 0.5
g =18; = i g = B0
C=568; — e v gt =80

This means that 10000 specimens of tiny fry have the effect of adding 14 specimens of run-
ning summer salmon to the catch in Frisenvold fish wear, while 10000 specimens of 6 months fish
are adding 19 specimens to the catch. Independent of the fry liberated we should on an average have
caught 58 specimens yearly. The standard deviation for X,y and C shew that these values certainly
suffer from a considerable uncertainty, but that they nevertheless, especially for the tiny fry, give a
good expression for the dependance of the catch on the amount of fry liberated. The constant number,
58, for the catch appears also to be a probable value, being not very different from the number, which
is calculated as a mean value for the catch total in the 5 years before the liberation of fry began, and
it does not differ so much from this as the standard deviation of C, namely 30.

If we subtract from the catch total observed, the number of specimens which, according to the
calculation, are due to the fry liberated, we obtain the following figures:

Year for liberation The cateh total minus what is
of fry Year for catch due to liberation of fry
1900 1903 A-Salmon + 1904 B-Salmon 66
1901 1904 — 4 1905 — 5
1902 1905 — -+ 1906 — 121
1903 1906 — 4+ 1907 = 28
1904 1907 — + 1908 — -— b1
19056 1908 — -+ 1909 — 100
1906 1909 — -+ 1910 = 103
1907 1910 — + 1911 = 102
1908 1911 = + 1912 = 34
1909 1912 = + 1913 = 72

These figures deviate considerably from the calculated mean value, 58, but hardly more than it
was to be expected from the magnitude of the obtained standard deviation: 30.

The calculation, which we have here underlaken, thus affirms the result we arrived at by a com-
parison between the curves indicating the number of fry liberated and the curve indicating the sum of
the catch of A-salmon and of B-salmon 3 and 4 years respectively after liberation.

We have seen now, that 1000 specimens of 6 months’ fish will probably not be of a much
higher value for liberation than 1000 specimens of tiny fry. There will at any rate be only a very
slight probability that 1000 specimens of 6 months’ fish, would be worth as much for liberation as 4000
specimens of tiny fry. As the artificially bred 6 montihs salmon have cost on an average
15 times as much per 1000 of specimens as the tiny fry this result is of great economical
importance.

We have hitherto not possessed any real evidence to shew whether the output of 6 months fry or
the output of tiny fry was the more profitable. In Denmark there has been a tendency in the course
of time to attribute more imporiance to the output of 6 months fish than to the output of tiny fry. Now
we ought to change this proceeding. The investigation which has been undertaken demon-
strates clearly that output of artificially bred young salmon ought to give place to out-
put of tiny fry.

It might seem a modest result that the liberation of 10000 specimens of tiny fry will produce
an increase in the catch at Frisenvold of 14 summer salmon, but it is in reality a most fayourable result.
The value of 10000 specimens of tiny fry may be estimated at 60 Kr. (30 Kr. before the war). The



21

weight of 14 summer salmon is ca. 56 kg, and the value is ca. 4 Kr. pr. kg, thus a tolal of 224 Kr.
(before the war 1 to 2 Kr. pr. kg.) To this may be added that many of the running summer salmon
were captured in Randers Fiord or in the lower part of Gudenaa, before they reached Frisenvold fish
wear, and moreover several salmon probably belonging to the Gudenaa stock were caught at the eastern
coasts of Jutland before entering the river Gudenaa.

Finally there is a possibility that winter salmon may be developed partly from the liberated fry
which originate from summer salmon, but with regard to this we know nothing at present.

It has certainly been a most profitable undertaking to liberate tiny salmon fry in Gudenaa and
the tributaries of the same.

The 6 months’ salmon, which were used for liberation in Gudenaa and its affluents, originate
mainly from ponds, where they were fed and in this way probably spoiled. Young fish originating
from ponds, where they have to provide for their food themselves, are probably more valuable
for output in open waters. By the experiments in Gudenaa the tiny salmon fry has proved itself to be
valuable fish fry, but still we have no experimental series, scientifically carried out to illustrate the value
for liberation of the young fish of salmon or sea trout from s»natural pondse¢ in comparison to the tiny fry.

In the years 1912—1914 no tiny salmon fry was liberated, but on the contrary 6 months fish in
a rather considerable number, on an average ca. 39.000 specimens per year. (Table 5 p. 17). As Frisenvold
fish wear was laid down in 1915, we cannot from this place provide information concerning the effect
of this liberation, but from other sources we can, however, judge that the effect has not been considerable
and cerlainly not greater than the calculated value. When Frisenvold fish wear was laid down it was
passed by the running summer salmon, but most specimens were now captured higher up in the river
on the stretch between Langaa and Silkeborg (Fig. 1). After the laying down of Frisenvold fish wear
the catch of summer salmon increased on this stretch, but not more so than that the total catch of salmon
on the stretch in question in the years 1915—1918 came to ca. 160 specimens yearly, according to infor-
mation from the local fishery, official. About half of these fish were summer salmon. As almost all mature
salmon are captured in Gudenaa hefore, during, or after the spawning, we dare conclude that not more
than 80 summer salmon annually originating from the 39000 6-months fish have passed by Frisenvold fish
wear. The 39000 specimens of 6 months fish should according to the calculations mentioned above
have added 74 specimens to the catch annually. It is on the other hand quite possible, that the effect

has been considerably less, as several summer salmon do undoubtedly originate from the natural stock

of spawning salmon.

With regard to the sea trout the material at hand does not enable us to undertake a similar
distinction between the A-group and the B-group as in the case of the salmon. To this comes that the C-group
together with specimens that have spawned previously play a far greater réle with regard to the sea trout
than for the summer salmon. These circumstances cause that we cannot carry through an investigation
of this kind concerning the effect of the output of tiny fry and of the 6 months fry for the sea trout as
for the salmon. But when we consider the great similarity in the biology of the salmon and the sea trout,
we shall not hesitate to use the result gained concerning the output of salmon fry for the output of
sea trout fry.— Many circumstances do plainly suggest, that the liberation of the artificially hatched sea
trout fry in the different stages has strongly influenced the amount of the catch. An exceplionally
large output of fry in 1906 was thus followed by an exceptionally large catch in 1910, and after a
similar considerable liberation in 1909 followed a catch in 1912 and 1913 which was larger than nor-
mal (Fig.5 p.16).
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D. Fluctuations in the Catch of Salmon and Sea Trout caused by
; Temperature.

1. Influence of Summer Temperature upon the Running.

We shall now proceed lo investigale, if the summer temperature has any influence with regard
to the observed fluctuations in the catch of the salmon and the sea trout at Frisenvold fish wear. We
begin by considering the catch in the period 1899—1913 for which perfectly reliable stalistics are at hand

Temp anomaly o, Catch auomaly % for the summer salmon and for the
20 sea trout, offering a true distinction

18 l : \ l ..- - 99 between the two species (See Tables 1
16 l ~ .--= k“- = 50 and 2 p.6). What we want to compare are

the deviations from the normal sum-

mer temperature and the catch anomaly
per cent per salmon and sea trout

e —
™~ W=
i
!
~
(e ]

(see p. 9).

To express the summer tempera-
ture in the living places of the running
summer salmon and sea trout we shall
take the mean temperature of the sur-
face water by the light vessels »Laeeso
Rende« and »Schultz’ Grund«. On Table
7 p. 32 the temperature and tempera-

ture anomalies are put down for the

months May—September of the period
18991913, Table 8 p. 32 shews the
catch and the catch anomalies for sal-
mon in the months June, July, August
of the period in question, and Table 9

p. 33 contains a similar survey with
regard to the sea trout. The tables are
‘represented ‘graphically in the Fig. 5
1899 1901 1903 1905 1907 1909 191 1913 where the curve representing the

Fig. 7. Temperature anomalies for May to July (broken line) compared with the normal  catch will also be found
catch anomaly per cent for salmon in June to August. (See Table 7 and 8). inserted.

Finally Table 10 p. 33 contains the calculated correlation between the temperature anomalies and
the catch anomalies. The temperature in a certain period is here compared with the catch in a certain
period. If we consider at first the correlation coefficients obtained for the salmon, it will be seen that
they are all positive and especially great when the temperature in May is compared with the catch in
June and in July, and when the temperature in June is compared with the calch in July.
In a few of these cases the correlation coefficient is more than three times as great as the stan-
dard deviation. If we finally compare the temperature for May-July with the catch for June-August we
obtain the correlation coefficient r = 0.509 with the standard deviation o = 0.191. The correlation
coefficient is thus here 2.7 times as great as the st. dev. This connection between the temperature
anomaly and the catch anomaly is illustrated on Fig. 7. With regard to the sea trout Table 10 p. 33 shews
a similar correlation between the temperature anomalies and the catch anomalies as we find for the
salmon. The correlation coefficient attains specially great values when we compare the May tempera-
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ture with the June catch and the June temperature with the June catch. We find here that r in the
first mentioned case is 5.8 times as great as its standard deviation, and in the last mentioned case 9.3
times as great as its standard deviation.

Examples illustrating the connections between the temperature anomalies and the catch anomalies
are represented on Fig. 7—10 p. 22—25.

The temperature influences in May and June thus plainly the catch in June and July, but we
cannot point out with certainty that it has any effect upon the catch in the later months of the year.
The temperature in July might appear to have a slight effect on the catch in July and August but this
apparent connection is possibly due to the fact that a certain correlation exists between the temperatures
in the various summer months. The temperature in August and September does not appear to influence
the catch in the later months of the year.

As a connection between the temperature and the catch in summer does evidently exist for the
salmon as well as for the sea trout we must also expect to find a connection of this kind, when we
regard the catch of the two species together in proportion to the temperature. As it will be seen from
Table 11 p. 34 this connection is also very distinct tor the period 1899—1913. A calculation of the cor-
relation between the temperature anomalies for May, June and July and the catch anomalies for June,

July and August gives the value r = 0.592, or= 0.168, and 5‘— — 35. For the earlier period from 1880

—1898, where the catch of the two species in our statistics are taken together and cannot be kept apart,
a positive correlation does also occur, but this is certainly quite small. Se Table 12 p. 34.

It becomes somewhat greater Temp. anomaly oC. Catch anomaiy %
when we leave the year 1889 out of 16 80
consideration. The temperature was 14 70
abnormally high in this year and caused 1, 60
that many of the fish captured died in i l\ 50
the reservoirs. As this may possibly ' r \\
have influenced the statistics concerning i ) BT Il, \\ B
the caich it will presumably be right 0s ,’, |\ i \ ; \ 30
to leave this year out of consideration. 0% cl/ N ]'. ; \1 ’;' \ ) 20
When the connection between the tem- (3 : . ‘1 \ff ! I" \\\ 10
perature anomalies and the catch ano- 0 \‘, | b l X /\1‘ " \\'\_ 0

i v Yl \ ! | H |

malies appear to be far less certain b \ \ ,’ ‘\l ;\ / \ ,'f\ ! \ 10
and distinet for the period 1880—1898 N TN F T\ k! \
than for the period 1899—1913 we - ll \f’ l I\ V' \ : B
shall probably have to refer this to the -0s T \ : N1, =30
fact that the statistics concerning the -08} |’l\/ ! Ll ’I l -40
catch were hardly as reliable in the _qj 1 ; \\\ l, 4\_50
first mentioned period, when the fish b ‘\jI 60
wear was private property, as in the J ‘”‘ _
last mentioned period, when it be- 1'4.7 ¥ JTO
longed to the State and had become -16 =

1899 1901 1903 1905 1907 1909 DU 1913
the property of the State in order 1

Fig. 8. Temperature anomalies for May to July (broken line) compared with
that it should serve as an experi- catch anomaly per cent for sea trout for June to August. (See Table 7 and 9).

mental field. We shall moreover lay slress upon the fact that even if a correlation does really
exist between the summer temperature and the amount of running salmon, this connection may
be veiled by several different circumstances. An essential part of the running salmon and sea
trout are for example captured in Randers Fiord or in the lower part of Gudenaa, before
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they get up to Frisenvold fish wear, and the percentage of the running fish which is captured
there, may probably vary highly from one year to another. We must on the other hand admit that the
correlation between the temperature anomalies and the catch anomalies in the period 1899—1913 may to
some degree be casual; it may e. g. be influenced by anomalies produced by output of the artificially
hatched fry. Thus we see thal a warm summer casually occurred 3 years after the great liberation of
fry in 1903 and again 3 and 4 years after the great liberation of fry in 1907. Casualities of this kind
cause the correlation coefficient to become greater than it would be otherwise.

In order to avoid the disturbing

o] T
T%IEP' anomaly °C Catch anomaly 10/3 influence of the artificially hatched fry
; 3 in the investigation of the connection
8 I 4 between the summer temperature and
16 I \ 80 the catch, we shall consider the matter
14 > 70 from another point of view. If the high
il
12 ! \ \ o], g0 summer temperature has the effect that
10 ’ \ Al g the number of running salmon increa-
] T 1 T
08 / i I:-‘\ I [y 40 ses, this can only be explained by the
il ’ il I, \t fact that the temperature promotes
06 L Ly i ‘ 30 ! Ty
\ A ’1 | I; \\ maturity, as all the salmon running in
04 I I \ | \ 20 ‘ " f he fir 4
\ ! -.\ 7 ‘l II' \\| ’[ summer will spawn in the first coming
02 = . } Iz 10 spawning period. Thus we must sup-
0 ___(h\ ; ‘! B \ l ! \! o0 Dbose that several of the salmon which
& \“ N \‘ II' \ 10 would become B-salmon by a low or
= ‘\‘ ; \', f \ ! / \“ I,’ N |- 1 normal summer temperature, will shor-
' '\\: \. / \'. ’,' \ ten their stay in the sea by a high
- " | L =
Os ! \ ; \ . | ' 30 symmer temperature and become A-sal-
08 .v,' 3 : -40 mon. We shall now undertake an in-
] g1
-10 Lt \ / - ; _5y vestigation in order to shew if a rela-
12 i / oy _go tively high number of A-salmon are
e 70 caught in hot summers; we shall con-
1€ » sider the ratio P_ petween the catch
16 80 p+q
-18 -90 of A-salmon in a certain year (p)

1899 1901 1903 1905 1907 1909 191 19
I3 and the catch of A-salmon in the same

Fig. 9. Comparison between temperature anomalies for May (broken line) year (P) plllS B-salmon (CI) in the

and ecatch anomaly per cent for sea trout for June. (See Table 7 and 9). il s We take h f
ollowing Yyear. e aKe ere or

granted that the proportion between A-salmon and B-salmon will be the same for the liberated fry as
for the fry developed in nature. We find then the correlation represented on Table 13 p. 35, which con-
firms that the high temperature has really the effect that the number of running salmon increases. In
the consideration of the obtained values for the correlation we should attach importance to the fact
that these are positive in all cases.

When we have seen in the preceding, that more salmon and sea trout ascend the river Gudenaa
in warm summers than normally, this must signify, as staled before, that the maturity is furthered in
some of the specimens and their stay in the sea shortened. It will consequently be of importance to
investigate if a displacement takes place from the B-group to the A-group and from the C-group (mainly
winter salmon) to the B-group. An investigation of this kind is possible for the salmon, as we are able
with great approximation to keep the three groups apart. If we examine the correlation between the
temperature anomalies for May, June and July and the deviations from the mean catch during summer
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for the period 1899—1913 for salmon of A-group and for salmon of B-group respectively, we obtain the
following result (see Table 14 p. 35).
Salmon of group A.
r=0.642; o = 0.152; (‘r =42

Salmon of group B:

r

r=—20.075; o =0.257; T 0.3.

A distinct displacement from n 7 2
group B to group A appears thus lezxip- anomaly °C. . Catch anomaly 7%
plainly, whilst a displacement from
group C to group B cannot be poin- 22
ted out. This fact might suggest that 20 ———|—— —————— {10
group C, which mainly runs in 18 90
winter, belongs to another race than 18 I 80
the groups A and B, which run in i I\ ] 7
summer and auntumn. We remark, 5 !; u\ '\ &
however, that the size of the corre- < ,” l\ N
lation coefficients mentioned depends 10 T ;1 l ‘\\ 50
undoubtedly to an essential degreeon 08 |— A - 40
the amounts of the fry liberated. 06 S : I I.\ ] i 70

Ourinvestigations concerning \ ! ‘\‘ ’ul ! 1\ l,: l‘m\ 20
the influence of temperature upon 0z \ ‘,' i l ]l\ !I’ '.‘\ 10
the salmon catch have raised the ' ’,\* \ o rf E_‘ I,’ '\|\
question whether the salmon in 0 f % 2 A ‘}ﬁ 1\ ’; li\ 0
warm summers runs in the same 02 ~\\ ' /\ / Il\ I ,,' | -10
season as in cold summers. For -0 ‘ I ; “ ] LN -20
the sake of investigating this question  _p, \ / 1'1\ ,' \ I;' ll\ }ﬁ 10
more closely we examine separately 08 \ / 'I\ / ‘\ I ¥ "
the group of A-salmon running in v t\ ﬁ “ ,I :
the time from May to the end of 19 |l /l, i —50
July, and now we want to know, -12 ! [: "]' 60
if the percentage which this group -14 '| ; -70
makes of the total catch of A-salmon 14 1| 4 80
is equally large in warm and in cold 18 i.'l ~90
summers. We calculate thus the cor- Ty l,' 100
relation between the temperature ano- ' )
malies and the deviations from the 22
mean value of the catch per cent of —2%

1899 1501 1903 1505 1907 1909 11 1913

Fig. 10. Temperature anomalies for June (broken line) compared with
catch anomaly per cent for sea trout for June. (See Table 7 and 9).

the A-salmon from the months May
—July, and in this way we oblain
the following result:

r = 0.363; o, = 0.224; % = 1.6.
The reality of the correlation obtained can hardly be doubtful as the deviations for the tempera-
ture and the deviations for the catch per cent point in the same direction in all cases. (Table 15 p. 36
and Fig. 11 p. 26). :
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f 2. Influence of Temperature upon the
Temp. anomaly °C. T
P ¢ fmpmaly o 00 Weight of the Running Specimens.
12 30
1o X 25 We have seen in the preceding
08 ? If"\ 20 that a high summer temperature has
06 / H B |\ 5 the effect that it produces a displacement
' il f , ; from B-salmon to A-salmon and besides
Oy . L ! ! . S 10 >
4 J ! ' f'/‘ ! / \ ,' //f;’ ~ causes an earlier run of the A-salmon
\
" Wi I \ T3 I|\ / \ ¥4 ‘\\ 5 than normally occurs. According to
0 e ! : I/ _4 10 this it must be supposed, that the a-
-02 \ 3 ’ . \ . \\ f \ / i \’ ! _c  verage weight of the running salmon
04 \ l ‘, \,r M I\ H ll ,' 10 would be less than normal in warm
\ I : \ / \1 il [ summers, and our calculations also
-0s : ’ AR -5 ;
\ I i \ / AITEREE prove that this is the case.
— | | \ 0 3
. \ ’ ¢ \ / | i | 20 If we correlate the temperature
\
-lo \ l e i -25 anomalies for May, June and July and
A -
=12 11 " ol 3y the deviations from the average weight
-14 H 'nf g _z;,  of salmons of all groups caught in
-16 § 19 June, July and Aungust for the period
1' 18991913 we obtain the following re-
-18 -
B sun (see Table 16 p. 36):
~20 =50
1899 1901 1903 1505 1907 1905 191 1913 r = — 0.568,
Fig. 11. Correlation between temperature anomalies for May—July (broken line) o, = 0.175 of which < e S
and the anomalies for the ratio between catch of A-Salmon in May—July (f) ’ Or .

and the total catch of A-Salmon (F.). (See Table 15).

The corresponding figures are for the sea trout (see Table 17 p. 37):

r— — 0403; o = 0216 and~ = —1.9.

r

If we examine the connection for each of the months between the temperature anomalies and
the deviations from the average weight, it will be found, that the correlation coefficient is negative in
all cases, and that it in several cases has very considerable values when compared with the size of its
standard deviation. (See Tables 16 and 17).

During the years 1899—1913 the temperature was in May and June very nearly normal in 1903,
1912 and 1913; higher than normal in 1899, 1901, 1905, 1906, 1908, 1910, 1911, and lower than normal
in 1900, 1902, 1904, 1907 and 1909. If we examine the average weight for salmon and sea trout caught
in the months: June, July and August in the named period we obtain the following result?):

Temperature May—July Salmon Sea trout
over normal 3.56 kg 2.69 kg
normal 427 — 3.00 —
less than normal 4.26 — 292 —

We have now seen in the preceding that the number of salmon and sea irout caught is higher
in warm than in cold summers. From this fact we dare not conclude, however, that a high tempera-
ture should be profitable for the salmon and sea trout fisheries more than quite momentary.

We know from our salmon investigations that the increase in the catch caused by high tempe-
rature is due only to an increase in the number of A-salmon whilst the number of B-salmon is not

higher than normal. The high temperature thus promotes the maturity and causes that many specimens
1y The figures indicate the average of the annual values.
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which in a lower temperature would have remained in the sea for another year and not have immi-
grated till they became B-salmon do now shorten their stay in the sea and immigrate as A-salmon. But
this can hardly be regarded as an advantage when looked upon from a fishery economical point of
view. The average weight of the specimens of group B is about 2.5 times as high as the average weight
of specimens of group A, and it is not probable that the stock of the grown up salmon during its

stay in the sea, becomes reduced to /5 of its original size in the course of one year through attacks
from natural ennemies (irrespective of man).

E. On the Causes of the Oscillations of many Years from the Normal Catch.

In the preceding chapters we have seen that flucluations of short duration in the yield of the
salmon- and trout-fisheries may be due to the influence of temperature upon the running time, and that
fluctuations of a somewhat longer — but not of many years — duration is caused by the varying amounts
of fry. We shall now proceed to consider the fluctuations which extend over a longer series of years.
Thus we see, that the yield from 1853—1886 has in the main been decreasing and that the yield from
1903 —1913 has on the whole been increasing (Fig. 3 and Fig. 5). We explain the decreasing yield in 1853—1886
in the following way: In this period Frisenvold fish wear was in full activity summer and winter and only
a few specimens escaped to be caught here under normal conditions. The stock of spawning salmon
was thus conlinually diminished and too little fry was consequently produced to keep up the stock. The
decrease in the yield must thus presumably be referred to a too intensive fishery.

The increase in the yield of the summer salmon from 1903—1913 we explain in the following
way: It is an effect of the output of fry artificially hatched, and possibly also a consequence of the fact
that in the years 1901—1905 it was only a smaller part of the running winter salmon which were caught
in Frisenvold fish wear and after 1905 hardly any of these. The natural stock of the spawning winter
salmon has probably increased in the period in question. But now we do not certainly know whether
the winter salmon does belong to another race than the summer salmon. If this be the case, it must
be presumed that winter salmon only originate from eggs of the winter salmon. In this case the increase
in the yield may be explained solely by the output of fry artificially hatched. This output comprised
in the 5 years 1906—10 many more specimens (of tiny fry as well as of 6 months’ fry) than in the
5 years 1901—05 (see Table 5 p. 17).

We explain the increase in the catch of the running sea trout in the period 1903—1913 in the
same way as for thesalmon: It is in all probability an effect of the output of the fry artificially hatched.
The first output took place in August 1902 with 100,000 specimens of tiny fry. In the years 1905—1915
from 100,000 to 280,000 specimens of tiny fry were put out annually, and in the years 1908—1915 the
output comprised from 8,600 to 99,000 specimens of 6 months fish.

1 L. c. A. C. Jouansen and J. CHr. LerFtiNg 1919,

1
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Table 6. Showing the Length and Number of A-Salmon and B-Salmon captured in the Frisenvold Fish Wear
in the Various Months in 1899—1913.
The measures are given in Danish Tommer (inches) with Lheir eqvivalents in cm.
The number of specimens of the A-Gr. are given in italics, the number of specimens of the B-Gr. in usual types.

Year 1899 1900%)
Month May ‘Junct July | Aug. ‘ Sept.| Oct. ‘ Nov. | Dec. ||Total | May | June | July | Aug. Sept.\ Oct. \ Nov. Dec.‘ Total
1 |
Length Length

Tm. cm Tm.
i 44.45 — | = =1 = — — = RN U i — - — . — 17
18 47.1 — — e = = = _— = == |h= — Ilie= 18
19 49.7 — — 2 | — — 2 — = — — = 19
20 52.3 — | = 7 2| — 1 10 e — — || = 20
21 54.9 — 1 5 & = 2 12 — | = 1 1 — 2 21
22 5756 — it 7 4 - — 12 — — - - — — 22
23 60.2 — - 5 2| — — 7 — — - 2 2 23
24 62.8 — 1 3 | — 1 5 — e = i 1 24
25 65.4 — 2 2 1 — | = bl — | =] = — = o 25
26 68.0 — — 3 =i = 3 — — — — || = 26
27 70.6 — — — = — = — 1 B = — 2 6 27
28 73.3 = |2 2 1 — 1 6 1 - 1 = 2 28
29 75.9 — 3 1 —— o 4 — = — | = 1 1 29
30 78.45 e 4 2 | — 1 — 7 1 3 2 | — — 6 30
31 81.1 — 1 5 1 — = 7 — 2 2 — — 4 31
32 83.17 — 2 2, — | — == 4 2 6 j — 2 11 32
33 86.3 — — — — - — — 2 il 2 — — b 33
34 89.0 e e — — 3 1 — — 1 B 34
35 91.6 == — — — L — == 9 ey = ! oo 9 35
36 94.2 — | = = | = — | = — 1 1 1 — == 3 36
- 37 96.8 1 — — | — — — 1 1 1 — — — 2 37
38 99.4 - | = | - — — = — — 1 — = — 1 38
39 102.0 e — =t el = == =t s = = =K o) 39
40 104.6 — — — — — 1 — — - 1 40
41 107.2 — — — — = — — — = — — — =3 41
42 109.8 — — — = - — — = — — = — 42
43 1125 — | = = il — — 1 = = =Ll — = 43

Total number | 1 17 | 46 16 2 4 86 16 | 19 | 10 1 9 || 54

Specim. of A-Gr. 5 | 84 | 13 1 3 56 — - 1 i 3 5

Specim. of B-Gr. || 1 12 12 3 1 1 30 15 | 19 9 | — 6 | 49

1y 60 specimens not measured,

Year 1901 1) g 1902 \
Month May | June| July | Aug. \ Sept.‘ Oct. | Nov. | Dec. || Total|| May lJune July \ Aug. | Sept.| Oct. | Nov., Dec.\Total |
Length Length

Tm. cm Tm.
17 4445 A — — = APy = = AR Ly ol | — £ — LN Sl 17
18 471 —— e — = — = = ! = - = o = . = (r 18
19 49.7 — 1 — | = | = — 1 — - - - — | — | = — 19
20 52.3 — = 1 = — — i — < — — | - — 20
21 54.9 — 1 17 1 — — 19 | — - I — — - — 3 21
22 57.5 e 3 | 16 ) (e LE Sl = 1 Fob{ e e RS 2 22
23 60.2 — | — 6 3 | — - 9 — 4 3| — 1 — 8 23
24 62.8 = e 11 3| = — 14 - — 2 3 — — — 5 24
25 65.4 —_ 0 — 5 | 1d — — 15 1| — — | - | = 1| — 2 25
26 68.0 — — 7 5 | — — 12 - — 2 | — 1 — — 3 26
27 70.6 — 1 1 4| — - 6 2 1 — - — — — 3 27
28 73.3 1 2 i 1 — — 5 || — 2 1 — | — — | - 3 28
29 75.9 1 4 1 — | = — 6 1 3 2| — | = | = - 6 29
30 78.45 1 — 1 — | - = 2 3 b 2 1 2 1 1 15 30
31 81.1 — 3 1 —_ 1 1 6 2 5 4 1 — — 12 31
32 83.7 == 6 1 — — — 7 4 2 b 2 1 — — 14 32
o 33 863 R BT . = Al — Al = = — 5 33
34 89.0 1 4 1 1 — — 7 1 4 1| — | = =1 = 6 34
35 91.6 3 2 1 — | = - 6 3 1 i A 1 — 7 35
36 94.2 1 3 - — — — 4 1 — i — — — — 2 36
37 96.8 1 — — — — -- 1 — 1 — — — — 1 37
38 99.4 = 1 - — — — 1 2 — — | = = | = | = 2 38
39  102.0 — 1 — — | = 1 2 — 1 - - — =] = 1 39
40  104.6 = e sl o — || — — — — — ) — - 40
41 107.2 R = — — = = — |l e = i e = 41
42 109.3 — = = = — = — || = == — — | = = — — 42
43 1125 — L o Ve = o . = A RS S [ B W BRI ol - 43
Total number 9 [ 33 | 73 | 30 1 2 148 || 20 | 29 | 31 11 5 l 3 1 100
Specim. of A-Gr. | — 5| 65 | 28 | — = 98 1 1| 12 6 1 2| = 23
Specim. of B-Gr. 9 | 28 8 2 1 2 50 || 19 | 28 19 5 } 4 1 1 73

1) 3 specimens not measured.
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Table 6 (continued).

Year 1903 1904
Month May‘Juue July Aug_‘Sept. Oct. | Nov. | Dec. ||Total || May | June | July | Aug. | Sept. Oct..Nov. Dec. ~T0tal
Length Length
Tm. cm Tm.
17 44.45 = — — = — = = — — 2 — —_ = — 17
18 471 — — — — —_ 1 —_ — —_ — — —_ 18
19 49.7 = 1 — - — 1 — 1 = — — = 1 19
20 52.3 = = = = — — — — 3 — i — 3 20
21 54.9 — — 1 = — — 1 — & 1 = — b 21
22 57.5 — - — 2 — = 2 — = 3 5 — — 8 22
23 60.2 — — 2 = — — 2 — — 9 1 2 — 12 23
24 62.8 — = 3 — — 3 — — 5 2 2 1 10 24
25 65.4 — = 1 3 — 1 5 — — 1 2 = — 5 25
26 68.0 =+ = = = 1 if 2 — — —_ 2 — — 2 26
27 70.6 — 1 — 1 — — 2 — 1 = — = == 1 27
28 73.3 1 1 2 1 — — 5 — — — — — - — 28
29 75.9 2 —_ — = — — 2 2 1 3 — — - 6 29
30 78.45 2 3 = — — = 5 1 8 4 1 e — 14 30
31 81.1 — 2 = 1 — — 3 1 2 3 1 — — 7 31
32 83.7 1 2 1 = — — 4 - 3 2 — — — 5 32
33 86.3 1 1 i = - - 3 — — = — = — — 33
34 89.0 1 1 — —_ - — 2 — 3 e = — = 3 34
35 91.6 —_ — == — — — — —_— 1l — — — i 3b
36 94.2 2 — — — — 2 — —_ 1 — —_ 1 36
37 96.8 —_ 1 — —_ — — 1 — — — —_ — — — 37
38 99.4 1 = —_ _ — = 1 4 1 1 — — = 6 38
39 102.0 —_ — — — — — —_ 1 1 — 1 —_ —_ 3 39
40 104.6 — = = = — — == — = — — — — 40
41 107.2 — — — —= — — — — 1 = = — — b 41
42 109.8 — — — — — — — 1 = — — — 1 42
43 1125 == s — — = = — — —= == — -, — 43
Total Number 11 13 9 11 1 2 47 9 24 39 17 4 1 95
Specim. of A-Gr.| — 1 5 8 1 2 17 = 1 25 14 3 1 46
Specim. of B-Gr. || 11 12 4 3 — — 30 9 23 14 3 — —_ 49
Year 1905 1906
Month May~Jnne July'Aug. Sept.| Oct. iNov.‘ Dec. | Total | May | June| July | Aug. | Sept.| Oct. ~Nov.\ Dec, ||Total
Length Length
Tm. cm Tm.
17 44 .45 — == = = =L — = o — — = = — — = 2= 17
18 471 — — — o = —= - = = — — = s — — 18
19 49.7 —_ — — — . = — =, == — === — = - — —_ 19
20 52.3 — = — — — = — = — — 1 — e — = 1 20
21 54 9 —_ — — — — — — — 7 8 2 1 —_ —_ 18 21
22 57,5 — — — — — = = == — 2 b 2 = — — 9 22
23 60.2 1 ¥ = = S = 8 5 14 — if — — 20 23
24 62.8 = 1 14 3 1 — — 19 6 18 2 — — — 26 24
25 65.4 —_ — 1% 2 — % 21 — 2 18 5 2 1 2 30 25
26 68.0 2 — 11 3 2 1 — 19 — 2 7 4 1 2 — 16 26
27 70.6 i — 9 1 1 4 = 15 — — 8 2 1 1 1 13 27
28 733 = 1 2 = = — 1 4 — 1 i — — 1 - 3 28
29 75.9 1 = — 1 — — = 2 — 1 — — e — — 1 29
30 78.45 — = 1 — — | — — 1 2 6 | — — — = — 8 30
31 81.1 = 1 3 - = — — 4 = 4 4 = — = 2 10 31
32 83.7 = 3 2 — — — 1 6 b 19 8 — = = = 32 32
33 86.3 1 1 — — — — — 2 3 8 4 2 — — — 17 33
34 89.0 i — 1 1 a= — — 3 1 3 — i - — — 5 34
35 91.6 1 1 — — = — — 2 = 4 2 1 — — = 7 35
36 94.2 — — —_ — = = = =L — = 1 L L -, oy 1 36
37 96.8 — 1 — = = e = 1 2 — o 3 s o i S 37
38 99.4 = = o — . e . {1 — 1 — = = = = il 38
39 102.0 —_ 1 — . = s = 1 p—— — — — = — = = 39
40 104.6 = — - — _— — — — il e = = ol o 1 40
41 107.2 — — — — -, = - = = 1 = — o= = n 7 41
42 109.8 = — = == = — = — = 1 — — — — = 1 42
43 1125 =S = = — i L = = — == =5 o . i £ - 43
Total Number 6 11 64 11 4 9 3 108 11 74 99 21 6 5 5 221
Specim. of A-Gr. 2 3 | 57 10 4 9 2 87 — 24 80 17 6 5 ) 135
Specim. of B-Gr. 4 8 ) 1 —_ — 1 21 11 50 19 4 - == 2 86
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Table 6 (continued).

Year 1907 1908
Month May | June | July ‘ Aug. Sept.\ Oct. ‘ Nov. | Dec. lTotal May | June | July | Aug. | Sept.| Oct. | Nov. | Dec. | Total
Length . | Length
Tm. cm Tm.
17 44.45 — | =1 —= = — Titlr= = 1 17
18 47.1 = — 1 1 — 2 — —_ 2 18
19 49.7 = 2 — 2 — o —= 1 1 19
20 52.3 = 1 — 1 — 3 1 — 4 20
21 54.9 = — — — — 2 —_ — 2 21
22 57.5 o= 1 1 2 = 3 1 — 4 22
23 60.2 o 2 1 3 — 2 1 = 3 23
24 62.8 — 1 2 3 = 4 b | — 8 24
25 65.4 — — — - 7 5 — — 6 25
26 68.0 — —_ — — — 1 — — 1 26
27 70.6 1 1 — 2 2 1 — — 3 27
28 73.3 2 it - 2 2 | — — 1 3 28
29 5.9 4 1 — 5 2 2 = - 4 29
30 78.45 1 —_ 4 3 4 2 1 = 7 30
31 81.1 13 5 — 18 4 3 i — 7 31
32 83.7 7 4 — 11 1 1 1 —_ 3 32
33 86.3 9 4 — 13 2 — 1 — 3 33
34 89.0 7 9 — 16 — — 2 o 2 34
35 91.6 2 2 — 4 — — —_ — i 35
36 94.2 1 1 — 2 = g = — 1 36
37 96.8 1 — 2 3 == —_ - —= — 37
38 99.4 — 1 — 1 == == = S = 38
39 102.0 — — — — = — — — — 39
40 104.6 — — — — — — —r - = 40
41 107.2 — — — — 1 — — — 1 41
42 109.8 = — — - — == — — = 42
43 " 1125 —_ — —_ — — —_ = — == 43
Total Number 48 35 9 92 19 33 12 2 J‘ 66
| =
Specim. of A-Gr. == 7 5 12 1 23 7 1 32
Specim. ot B-Gr. 48 28 4 80 18 10 5 1 34
Year \ 1909 1910
Month \May June Jul_v\Aug, Sept.| Oct. | Nov. | Dec. | Total | May | June | July | Aug. Sept.\ QOct. | Nov. Dec.\Total
Length \ Length
Tm. cm Tm.
17 44.45 el LA A S | e zm B S [ | SRR T e B e 17
18 47.1 = 1 = Lo —. 1 — 2 == = — = = 2 18
19 49.7 = 2 — — 2 1 3 == = = = == 4 19
20 52.3 — R — — 4 — 16 2 = — — — 18 20
21 54.9 = 5 3 = 2 10 1 30 12 — . — — || 43 21
22 57.5 — 4 3 3 1 10 = 34 6 — i = — 43 22
23 60.2 1 5 & — o 10 1 28 11 — — — 1 36 23
24 62.8 = 9 G 1 = 16 2 6 14 = 2 1 = 25 24
25 65.4 1 5 4 i — 11 2 5 7 =2 == == — 14 25
26 68.0 1 2 & = —_ 7 3 5 4 = 2 s — 14 26
27 70.6 2 — — — — 2 3 3 2 == — = — 8 a7
28 733 3 — = — - 3 5 5 2 1 2 — — 16 28
29 75.9 5 5 — == — 10 6 4 — — — — 1 11 29
30 78.45 4 2 = < 1 i 8 7 1 — 1 1 — 18 30
31 81.1 8 8 i 1 — 18 9 13 3 1 — — — 26 31
32 83.7 11 b — — — 16 4 12 — = = — — 16 32
33 86.3 6 3 — = —_ 7 1 9 1 1 = — = 12 33
34 89.0 2 1 — = — 3 — — 2 — = — — 2 34
35 91.6 4 — 1 — — 5 = 2 = —. — — = 2 35
36 94.2 2 1 — — — 3 — — — 1 — — — 1 36
37 96.8 B [ =) = S ot | | e 8 (P S e [ 37
38 99.4 i i I 1 ik 1| — 40 SRS N 2 38
39 102.0 e e S I — (S |5 S e ] e e e 39
40 104.6 — — — — — — — = s = — = = — 40
41 107.2 - — — — — — == - — | = == — — — 41
42 109.8 —_ — — — — - — — = == = = — = 42
43 1125 = e I e i 2 2o | BN e SO[ Rl B e | 43
Total Number 51 60 26 b 4 146 46 | 180 67 b 10 2 2 || 312
Specim. of A-Gr. 2 37 24 % 3 70 7 |124 58 — 7 1 1 (|198
Specim. of B-Gr. 49 23 2 1 1 76 39 56 9 b 3 1 1 ||114




31

Table 6 (continued).

Year 1911 1912 \
Month May |June | July | Aug. ‘Sept. Oct. ‘ Nov. ‘ Dec. ‘ Total| May | June | July a Aug. ‘\Scpt. Oct. ‘Nov.‘ Dec. Totnl‘
Length ; | Length

Tm. cm Tm.
17 44 45 — — — — — — = [T — = 17
18 471 — — — —_ — —_ 1 — — — — 18
19 49.7 —_ 2 — — | = 2 = — — — 19
20 52.3 — 3 — — — 3 — d - 1 4 20
21 54.9 — 2 i — — 3 1 8 — — 9 21
22 57.5 — 7 — — — 7 1 4 3 8 22
23 60.2 — 2 2| — — 7 — 1 2 | — 3 23
24 62.8 1 1 3 s — 5 2 4 : = 7 24
25 65.4 2 2 1 — 1 6 —_ 1 3 4 25
26 68.0 1 3 — — 1 b — | — - 3 26
27 70.6 4 5 — — — 9 3 2| = = 5 27
28 73.3 16 4 1 — — 21 2 1 = 1 4 28
29 75.9 6 3 — — — 9 1 3 1 — b 29
30 78.45 19 18 3 = 1 41 6 6 — — ([ 12 30
31 81.1 9 10 3 1 —_ 23 13 3 — - | 16 31
32 83.7 21 | 16 1 [ — | = 38 — 2 2 — |4 32
33 86.3 14 8 1 — — 23 2 1 = 3 31
34 89.0 4 2 — - — 6 6 = — —_ f=xia 34
35 91.6 4 1 1 — — 6 — — — — — 35
36 942 2 1 — — — 3 = 1 e — 1 36
317 96.8 1 1 — — — 2 — — — — 37
38 99.4 2 - - — — 2 = — L = — 38
39 102.0 — — — — — — — — — — 39
40 104.6 — — — == — — 1 — — — 1 40
41 107.2 — — - — - — —_ == = — == 41
42 109.8 — — — — — — — = — —_ — 42
43 1125 — — — — — — il — . — 1 43
Total Number 106 94 iy 1 3 221 39 43 12 2 96
Specim. of A-Gr. 1 20 i — 2 30 4 24 9 1 38
Specim, of B-Gr. 105 74 10 1 1 19 36 19 3 1 58

Year 1913 19144
Month May | June| July | Aug. | Sept.| Oct. ‘ Nov.‘ Dec. | Total || May June\ July IAug. Sept.t Oct. | Nov. \ Dec. ‘ Total
Length | Length

Tm. cm Tm.
17 4445 — — — — = == Sl T = =L ‘ 17
18 47.1 — = | = [ = — = = gl R ‘ = 18
19 49.7 — I e R . _ IO e (0 i AL _ | 19
20 52.3 — 1 — — = [ 1 - —_ | — i 1 ‘ 20
21 54,9 1 8 — = — 4 — i || = == - 21
22 57.b 1 6 — —_ - 7 —= — — = - 22
23 60.2 — 1 —_ — y 1 == s == 2o 23
24 62.8 1 3 2 — — 6 = 1 = . 1 24
25 65.4 1 1 1= s 3 | RS 1 25
26 680 S N A A 5 0 | = T | — ‘ 2 ‘ 2
27 70.6 — — — — — — i — — 1 2 27
28 73.3 7 b 1 — 1 14 = 1 = = 1 28
29 75.9 2 2 — — — 4 — 1 — — 1 29
30 78.45 4 2 3 2 = 11 — — ==L = = 30
31 81.1 5 10| 8| — | — 18 e = | ‘ 31
32 83.7 16 11 = 1 = 28 1 == = = 1 s8R
33 86.3 3 4 2 7| = 10 = e | = = 33
3 89.0 2 3 3 i == 9 T — — - 1 34
35 91.6 3 4 — 1 = 8 — — — == — 35
36 94,2 1 — — —, S 1 - b = . 2 e 6
37 96.8 - — — — — = — = = =2 37
38 99.4 gl = =] =t = 2 | 2 38
39 102.0 — — = = - e — e — e = 39
40 104.6 - — — — — — = = — = 40
41 107.2 — = — = = - — S S . = 41
42 109.8 — — = — = e — (L — — = 42
43 1125 — = = = = = Sl R = 43
Total Number 50 56 18 i 1 ! 132 b 3 1 2 11
Specim. of A-Gr. 5|45 | ‘ 1] 1 | 28 3| 1] 1| 2 7
Specim. of B-Gr. 45 | 41 12 . 6 — 104 2 2 — | — 4

') On account of an unusually high summer temperature, which caused a great mortality of the specimens captured, the
fish wear was only used for catch in part of the summer.
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Table 7. Monthly Mean Temperatures and Temperature Anomalies of the Surface Waters at the Light-Vessels
Lxss Rende (L.R.) and Schultz’ Grund (S. G.) in the Period 1899—1913.

Monthly mean Temperatures Temperatzll-;ad asnc(Lmuiitl;sGi;]himm Rende

Year May June July August | Septbr. Ma
May June July ||August| Septbr, Jlﬁr;

L. R. | s.6 |LR|se|LR]|s6 | LR ‘ 8.6 | LR ‘ 5. 6.
1899 8.8 | 9.2 14.0 13.8 17.9 18.0 16.9 17.3 13.9 14.7 0.0 0.0 1.6 0.8 0.3 0.5
1900 8.2 8.3 14,2 14.0 15.7 16.9 16.6 17.2 14.3 15.1 —0.7 02 || —01 0.6 0.6 —0.2
1 104 9.7 13.5 13.9 18.2 18.2 17.4 18.6 14.5 14.6 1.1 —0.2 1.8 ) [y 0.5 0.9
2 7.6 8.0 13.5 13.6 14.9 15.4 13.8 144 12.7 13.2 —1.2 —03 || —1.3 || —2.2 || —11 —0.9.
3 9.1 9.1 14.6 14.3 154 16.1 14.8 153 13.5 13.6 0.1 0.6 || —0.7 —1.2 || —05 0.0
4 8.5 8.8 13.4 14.1 15.5 15.7 16.1 16.4 14.2 144 —0.3 —0.1 —0.8 0.0 0.2 | —0.4
o] 9.2 8.9 14.8 14.9 17.2 17T 16.0 16.9 13.6 14.2 0.0 1.0 1,0 0.2 | —0.2 0.7
6 9.9 10.0 15.3 15.3 154 16.8 16.0 17.1 142 14.9 1.0 1.4 —04 0.2 0.6 n.7
7 8.3 8.5 11.3 12.3 14.4 14.6 13.8 14.7 12.6 13.4 —0.6 —2.1 —1.9 || —2.0 || —1.0 || —1.5
8 8.0 8.2 13.8 13.9 171 17.9 16.4 171 13.5 13.8 —0.9 0.0 1.0 0.4 —04 0.0
9 7.7 7.8 124 | 125 14.8 | 15.9 14.9 15.3 13.6 139 || —12( —14 | —11 || —1.2 || —03 | —1.3
10 99 9.6 15.2 154 174 17.2 16.7 17.0 14.4 14.9 0.8 14 0.7 0.6 0.6 1.0
11 10.5 10.2 14.5 14.8 15.7 15.9 18.1 18.8 14.8 15.4 1.4 0.8 || —0.6 2.1 1.0 0.5
12 8.9 9.3 12,9 13.0 17.1 17.6 15.6 16.7 12.8 131 0.1 —0.9 0.9 —01 -1.1 0.0
13 9.0 9.7 13.3 13.8 || 16.4 16.5 || 16.1 16.7 14.7 153 0.4 —0.4 0.0 0.1 0.9 0.0
Mean 8.9 9.0 13.8 14.0 16.2 16.7 159 16.6 13.8 14.3

Table 8. Number of Salmon caught in Frisenvold Fish Wear in each of the Months June, July and August
in the Period 1899—1913. Adjusted Values for the Catch, and the Catch Anomaly per cent.

Number of salmon caught Catch adjusted Catch anomaly per cent
Year Sum Sum T
June July August | June— June July August | June— June July August | 50 st
August August g

1899 17 46 16 79 24 45 17 86 —29 2 — 6 — 8
1900 19 43 25 87 24 45 17 86 —21 — 4 47 1
1 32 73 30 135 25 45 17 87 28 62 76 55

2 29 31 11 71 25 46 17 88 16 — 33 — 35 —19

3 13 9 11 33 26 47 17 90 —50 —81 — 35 — 63

4 24 39 17 80 28 49 17 94 — 14 —20 0 —15

5 11 64 11 86 30 51 18 99 — 63 25 —39 —13

6 74 99 21 194 32 54 19 105 131 83 11 85

i 48 35 9 92 36 57 20 113 33 —39 — b5 —19

8 19 33 12 64 41 62 21 124 — b4 — 47 —43 — 48

9 51 60 26 137 46 68 22 136 11 —12 18 1

10 16 180 67 293 50 75 24 149 — 8 140 179 97
11 106 94 17 217 56 81 25 162 89 16 —32 34
12 39 43 12 94 63 87 26 176 — 38 —51 — b4 — 47
13 50 56 18 124 72 93 26 191 —31 — 40 —31 — 35

Sum 578 905 303 1786 578 905 303 1786
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Number of Running Sea Trout caught in Frisenvold Fish Wear in each of the Months June, July

August, September and October in the Period 1899—1913. Adjusted Values for the Catch and the Catch
' Anomaly per cent.

Number of sea trout caught Catch adjusted Catch anomaly per cent

Year f Sum Sum ‘ | | Sum
June | July | Aug. | Sept. | Octh. | June || June | July | Aug. | Sept. | Oclh. June || June | July | Aug. | Sept. | Octb. | June
| | | | o

1899 33 104 87 96 96 224 23 i | 89 69 69 189 | 43 — 2 39 39 19
1900 23 113 106 69 67 | 242 24 79 89 69 70 | 192 — 4 19 0| — 4 26
ll 24 64 | 126 54 93 | 214 24 81 89 70 73 | 194 0 [—21 42 | — 23 27 10

2 13 69 85 72 61 167 24 83 90 71 76 197 | —46| — 17| — 6 1|—20| —15

3 24 38 49 62 35 111 25 86 91 72 i 202 | — 4| —56| —46 | — 14| —56| —45

4 19 132 | 105 67 62 | 256 27 91 91 74 84 | 209 || — 30 | 15| — 9| —26 22

b 29 79 78 98 97 186 29 98 92 76 89 219 0] —19' —15 29 9| —15

6 64 108 71 63 124 | 243 32 106 93 78 95 231 100 — 24| —19 31 5

7 11 69 100 | 111 130 | 180 36 116 95 81 101 247 | — 69 | — 41 5 37 9| —27

8 33 119 68 89 83 220 41 126 97 84 107 264 | —20) — 6| —30 6| —22|—17

9 28 93 53 5 87 174 47 137 100 86 115 284 || — 40 | —32| —47 | —37| —24| —39

10 90 284 | 141 86 | 120 515 54 148 | 102 90 | 124 | 304 67 38 — 4| — 3 69
11 94 186 91 47 162 371 63 161 105 95 133 329 49 | —13 | — 51 22 13
12 64 108 | 210 | 135 154 382 75 176 | 109 | 100 | 143 360 | — 15 | — 39 93 35 8 6
13 65 189 76 17 140 330 90 190 114 105 1568 394 | — 28 | — — 33 11| — 8|—16

Sum ! 614 | 1756 | 1446 ‘ 1220 | 1511 | 3815 || 614 | 1755 | 1446 | 1220 | 1511 | 3815

Table 10. The Correlation Coefficients (r) their Standard Deviations (o;) and the Fraction Ui for the Connec-

r
tion between the Temperature Anomalies and the Catch Anomaly per cent for Summer Salmon and Sea Trout

in the Period 1899—1913.
Part of the year | Part of the year Part of the year | Part of the year |
for which the | for which the " for which the for which the i
temperature catch anomaly r Gy " temperature catch anomaly r Oy
anomalies are per cent are % anomalies are per cent are i
used used used used ‘
May June 0.438 0.209 2.1 May June 0.719 \ 0.126 5.8
» July 0.570 0174 3.3 » July 0.238 | 0.244 1.0
» August 0.320 0.232 14 » August 0.219 0.246 0.9
June June 0.134 . 0.254 0.5 » September —0.299 0.235 —1.3
» July 0.677 0.172 3.4 » October 0.473 0.200 2.4
» August 0.394 0.218 1.8 June June 0.812 0,088 9.3
July July 0.340 0.228 1.5 » July 0.496 0.195 2.5
» August 0.299 0.235 1.3 » August —0.123 0.256 —04
August August 0.359 0.225 1.6 » September —0.293 0.236 —1.2
May —July June—August 0.509 0.191 97 > October 0.009 | 0.258 0.0
July July 0.232 0.244 0.9
» August 0.386 0.220 1.8
» September 0.252 0.242 1.0
» October 0.318 0.232 1.4
August August 0.249 0.242 1.0
» September —0.283 0.238 —1.2
» October 0.436 0.209 2.1
September September —0.449 0.206 =92
» October 0.271 0.239 11
I May —July June— August 0.568 0.175 3.2




Table 11, Temperature An

Correlation between temperature anomalies for

Table 12. Monthly Mean Temperatures and Temperature An
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omalies for the Surface Water at the Light-vessels Lzss Rende and S
in the Period 1899—1913 and the Catch of Salmon a
Fish Wear in the same Period; adjusted Value:

Temperature anomaly

Yeur Catch C.atch Catch
May June \ July l May—July adjusted | per cent
I

1899 0.0 0.0 1.5 0.5 303 275 10
1900 —0.7 0.2 —0.1 —0.2 329 278 18
1 1.1 —02 1.8 0.9 349 281 24

2 —12 — 03 —13 — 0.9 238 285 — 16

3 0.1 0.6 —0.7 0.0 144 292 —51

4 —0.3 —0.1 — 0.8 —04 336 303 11

5 0.0 1.0 1.0 0.7 272 318 — 14

6 1.0 1.4 —04 0.7 437 336 30

7 — 0.6 =21 —1.9 —1.5 272 360 —24

8 —0.9 0.0 1.0 0.0 284 388 — 27

9 —1.2 —1.4 —11 —1.3 311 420 — 26

10 | 0.8 14 0.7 1.0 808 453 78
11 ’ 14 08 | —0.6 0.5 588 491 20
12 0.1 —0.9 0.9 0.0 476 536 —11
13 0.4 — 04 0.0 0.0 154 585 — 22

] 5601 5601

»

»

»

May and catch anomaly for June—August:

June

July

» May —July

Laeso-Rende (L. R.) and Schultz’ Grund (8° G.) and the Number of Salmon and Sea Trout caught in Frisenvold

Fish Wear in each of the Months June, July, August in 1880—1898,
Catch and the Catch Anomaly per cent.

»

»

chultz’ Grund
nd Sea Trout in June, July and August in Frisenvold
s for Catch and the Catch Anomaly per cent.

r
r — 0.556 o = 0.178 — = 3.1
Oy

r
r — 0.529 or = 0.186 — = 2.8.
.

r
r — 0.323 o =0.231 = 1.4.
r

r
r = 0.592 ¢r = 0.168 — = 3.5.
Op

omalies for the Surface Water at the Light-vessels

together with the Values adjusted for

e B
Monthly mean temperatures ;::1 %.‘EE No. of specimens caught

S — g | = Catch Catch

= D P
Year May June July 2 8 22| Year Sum ad- s
= 8 oo June July | August | June— justed maly

S¥gog percent
Ll se | e | 86 | LR | 56 |BEEEE August

RExo
1880 9.4 9.9 143 14.4 16.3 1 17.6 0.3 1880 21 41 104 166 210 —21
81 80 8.4 12.9 13.8 14.6 16.2 —11 81 10 32 20 62 179 —65
82 9.3 101 135 14.2 16.7 17.7 0.2 82 48 132 94 274 151 81
83 9.3 9.6 14.4 14.9 16.5 17.5 0.3 83 12 70 155 237 127 87
84 9.4 9.2 143 14.3 17.4 17.7 0.3 84 19 94 32 145 106 37
85 8.3 8.7 13.1 13.4 16.6 17.7 —0.4 85 1 59 29 99 90 10
86 9.4 10.1 13.9 14.8 15.2 16.0 —0.2 86 4 26 35 65 77 —16
87 8.9 9.1 13.9 13.56 16.1 16.4 —0.4 87 156 45 18 78 68 15
88 7.5 74 12,9 12.6 145 14.9 —1.8 88 6 20 33 59 63 — 6
89 || 11.4 10.9 18.0 19.2 16.6 17.9 23 89 4 17 16 37 59 —37
90 || 108 10.7 13.0 13.5 14.0 15.1 —0.6 90 it 9 21 31 58 —47
91 8.7 8.9 13.8 13.3 17.4 17.8 —0.1 91 1 17 15 33 58 —43
92 8.5 8.7 13.4 13.9 15.0 15.3 —0.9 92 — 9 36 45 61 —26
93 9.4 9.1 14.1 14.5 17.0 17.8 0.4 93 20 87 50 157 65 142
94 9.7 10.5 14.5 14.7 17.3 17.6 0.7 94 17 20 12 49 71 —31
95 || 10.6 10.4 13.9 15.1 15.6 16.1 0.2 95 1 40 28 69 81 —1b6
96 || 10.7 10.6 16.8 16.6 18.2 17.9 1.7 96 18 40 22 80 95 —16
97 9.5 a5 14.7 15.6 16.4 16.8 0.4 97 4 39 23 66 112 —41
98 8.3 8.4 13.5 13.2 14.9 14.4 —1.3 98 7 24 83 114 135 —16

Mean 9.3 9.5 142 14.5 16.1 16.8 Sum l—219 821 826 1866 1866
Correlation between the temperature anomaly for May—July and the catch anomaly per cent for J

Is the Year 1889 omittet, we get r = 0.248

r = 0.111

ap = 0.227

a— 0221

r

X _os
0

i)

Or

une —August
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Temperature Anomalies for the Surface Water at the Light-vessels Lases Rende and Schultz’ Grund
in 1899—1913, and the Ratio between Catch of Salmon of the A-group in one year and the Sum of the Catch
of A-group in this Year plus B-group in the following Year, and Anomalies for this Ratio.

No. of Sal-
Temperature anomaly i:n 'i Ifit mon — q — Anomaly
Year of A-group of B—grm_lp p-+4q P 100 for
caught in chuith oin P-+q P 100
May June July May—June 606 Feir th:a follow- P+q
ing year

1899 0.0 0.0 1.5 0.0 56 103%) 159 35 — 5
1900 —0.7 0.2 —0.1 —0.2 1% 51%) 62 18 —23
1 1% —0.2 1.8 0.4 100%) 7 177 57 16
2 —1.2 —0.3 —1.3 —0.7 23 30 53 43 3
3 0.1 0.6 —0.7 0.3 17 49 66 26 —15
4 —0.3 —0.1 —0.8 —0.2 46 21 67 69 28
5 0.0 1.0 1.0 0.5 87 86 173 50 10
6 1.0 1.4 —0.4 1.2 135 80 215 63 22
7 —0.6 —2.1 —1.9 —1.3 12 34 46 26 —14
8 —0.9 0.0 1.0 —0.5 32 76 108 30 —11
9 —1.2 —1.4 —1.1 —1.3 70 114 184 38 — 2
10 0.8 1.4 0.7 11 198 191 389 51 11
11 14 0.8 —0.6 1.1 30 58 88 34 — 6
12 0.1 —0.9 0.9 —0.4 38 104 142 27 —14

13 0.4 —0.4 0.0 0.0 i - — — — —

*) These figures were calculated from the total catch after an analysis of only part of the specimens caught.

Correlation between temperature anomaly for May and anomalies for the proportion P 100 r—0.362 o — 0232 == 1.6

June

July

» May—June

B

P+d

»

r —0.37¢ or = 0.230 =
r=0.111 o = 0.264

r = 0412 o = 0.222

T

L =15
r
L o4
ﬂ‘l'
a3y
O

Table 14. Temperature Anomalies for the Surface Water at the Light-vessels Lzse Rende and Schultz’ Grund
for the Months May—July in the Period 1899—1913, and the Catch of Salmon of A-Group and B-Group
together with the Catch Anomaly per cent of same.

A-Group Adjusted Adjusted Catch anomaly per cent
Year e r e A-Group B-Group plus catch of catch of uE
aomaly B-Group A-group B-group A-Group B-Group
1899 0.5 56 30 86 42%%) 53%¥) 33 —43
1900 —02 11%) 103%) 114 42 53 —74 94
1 0.9 100%) 51% 151 43 54 133 —6
2 —0.9 23 77 100 44 54 —48 43
3 0.0 17 30 47 44 56 —61 —46
3 —0.4 46 49 95 47 58 — 2 —16
5 0.7 87 21 108 49 61 78 —66
6 0.7 135 86 221 52 65 160 32
7 —156 12 80 92 56 70 —19 14
8 0.0 32 34 66 61 77 —48 —b56
9 —13 70 76 146 67 84 4 —10
10 1.0 198 114 312 74 92 168 24
11 0.5 30 191 221 80 100 —62 t) |
12 0.0 38 58 96 87 109 —56 —47
13 0.0 28 104 132 95 118 —171 —12
883 1104 1987 883 1104 +175 — 4
#) The figures were calculated from the total catch after an analysis of only part of the specimens caught.
#¥) The adjustment for the catch is calculated after the values adjusted for June—August given in Table 12.
Correlation between temperature anomaly May—July and the catch anomaly per cent for A-Gr. r = 0.642 o = 0.152 = 4.2

B-Gr. r = — 0.0756 or = 0.257 =

=—03

r

T

r
o
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Table 15. Temperature Anomalies for the Surface Water at the Light-vessels Lzse Rende and Schultz’ Grund

in 1899—1913 and the Ratio between Catch of A-

and Anomalies for this Ratio.

Catch of ,
Temperature | salmon of Anomalies
Year anomaly A-group Total catch | 0. f for :
May—July | May—July || °F 485 () b 100 -
& i
1899 05 39 56 70 8
1900 —0.2 2% 11 18 A4
1 0.9 72%) 100 72 10
2 —0.9 14 23 61 e
8 0.0 6 17 35 97
4 —0.4 26 46 57 L p
s 0.7 62 87 71 9
6 07 104 135 77 15
7 —15 7 12 58 g
8 0.0 24 32 75 13
10 1.0 131 198 66 4
12 0.0 28 38 74 12

#) The figures were calculated from the total catch after an analysis of only part of the specimens caugth.'

: ; : . f
Correlation between temperature anomalies and anomalies for the ratio 100 F

Table 16, Temperature Anomalies for

Grund in 1899—1913 and the Average Weight for the Summer-Salmon,

r

r = 0.363 op = 0.224 o 1.6

r

Salmon in May—July (f) and the total Catch of A-Salmon (F)

the Surface Water at the Light-vessels Lezse Rende and Schultz’

Period.

and the Anomalies of this in the same

Temperature anomalies

Average weight per specimen, Kgs.

Anomalies for the average weight

Year - S S
May l June ‘ July &May-.luly June July \ August ‘June-Aug. June July | August [June-Aug.
T { o, ie e A [T TR )
1899 0.0 0.0 i B 0.5 4.16 ‘ 2,67 2:29 2.92 111 | —eae | —081 | —1.01
1900 — 0.7 0.2 =4 ) — 0.2 5.34 3.8 2.66 3.566 0.07 —0.156 — 0.54 —0.39
1 1.1 — 0.2 1.8 0.9 5.16 2.26 2.68 3.04 —0.11 — 13 — 0.52 —0.90
2 —1:2 —0.3 == —0.9 5.31 417 3.59 4 55 0.04 0.74 - 0.39 0.61
3 0.1 06 — 8,7 0.0 5.23 296 2.41 3.67 _ Oioa | —047 | —0,79 | —0.27
4 — D — 0.1 — 0.8 —04 5.86 2.9 2.43 3.69 0.59 —0.52 — 0,77 —0.25
5 0.0 1.0 1.0 0.7 5.94 2.97 2.86 3.33 067 | —046 | —0.34 | —0.61
6 1.0 1.4 —0.4 0.7 4.95 311 3.71 3.88 — 032 | —032 051 | —0.06
if — 0.6 T —1.9 — 15 6.01 5.44 410 5.60 0.74 2.01 0.90 1.66
8 —10.9 0.0 1.0 0.0 5.09 2.87 3.73 3.69 —0.18 —0.56 0.53 —0.25
9 —1.2 — 1.4 =l —1:3 5.37 319 2.66 ~3.90 010 | —024 | —054 | —0.04
10 0.8 14 0.7 1.0 418 2.78 2.56 2.95 _ 109 | —065 | —o0.64 | —0,99
11 1.4 0.8 — 0.8 0.5 5.67 4.711 4.217 5.14 0.40 1.28 1.07 1.20
12 01 — 0.9 0.9 0.0 5.19 3.36 3.23 4.10 —0.08 —0.07 0.03 0.16
13 0.4 —04 0.0 0.0 5.52 4M 4.78 5.04 ‘ 0.25 1.28 1.58 1.10
é\f[ean 5.27 3.43 3.20 3.94 \
gures
e
T
Correlation between the temperature anomalies for May and anomalies for the average weight in Juni r =—0.2126; = 0.247 - —0.9
T
r
» » » » June » » » » » » July r;40.4340}=0.2105f=—2.1
r
-
» » » » July » » » » » August r —=— 03130 = 0.2330— =—13
T
T
» » » » May—July » » » June—August r=—0.568 6r =0.175 = 3.2
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Table 17, Temperature Anomalies for the Surface Water at the Light-vessels Lase Rende and Schultz’ Grund
in 1899—1913 and the Average Weight for the Sea Trout and the Anomaly for this in the same Period.

Temperature anomalies Average weight per specimen, Kgs. Anomaly for the average weight
Year - - —— -
May June July | May-July|| June July August |June-Aug.| June July August |June-Aug.
1899 0.0 0.0 1.5 0.5 3.76 2.88 1.65 2.63 —0.20 11 | —076 | —0:30
1900 —0.7 0.2 —0.1 —0.2 4.65 3.15 2.25 344 0.69 0.38 | —0.15 0.61
1 1.1 —0.2 1.8 0.9 418 2.70 2.36 2.67 0.22 — 0.07 —0.04 —0.16
2 —1.2 — 0.3 —1.3 —0.9 4.18 2.59 2.13 2.48 0.22 —0.18 —0.27 —0.35
3 01 0.6 —0.7 0.0 441 3.06 2.41 3.06 0.45 0.28 0.01 0.23
4 —0.3 — 041 — 0.8 — 04 4.33 2.32 2.42 2.51 0.37 — 0.45 0.02 — 0.32
5 0.0 1.0 1.0 07 4.09 2.569 1.99 2.57 0.13 — 0,18 —0.41 — 0.26
6 1.0 14 — 0.4 0.7 3.64 249 2.69 2.83 —0.32 | —0.28 0.19 0.00
7 — 06 —2.1 —1.9 —15 4.14 3.32 2.70 3.00 0.18 0.55 0.30 0,17
8 —0.9 0.0 1.0 0.0 4.06 3.05 2.33 2,98 0.10 0.28 — 0,07 0.15
9 —1.2 —14 — 11 —13 4.06 3.00 3.03 3.18 0.10 0.23 0.63 0.35
10 0.8 1.4 0.7 1.0 322 2.21 2.37 2.43 —0.74 | —0.56 | —0.03 | —0.40
11 1.4 0.8 — 0.6 0.5 3.53 2.74 2.18 2.80 —0.43 —0.03 —0.22 — 0.03
12 0.1 — 0.9 0.9 0.0 3.65 2.43 2.86 2.87 —0.31 | —0.34 0.46 0.04
13 0.4 — 04 0.0 0.0 3.55 3.04 2.70 3.06 — 0.41 0.27 0.30 0.23
3.96 2.77 2.40 2.83
¥
Correlation between the temperature anomalies for May and the anomalies for average weight in June r =—0.5750r = 0,173 — —=—3.3
r
s
» » » » June » » » » » » July r =—0.509 6= 0.191 O =—2.7
™ r
r
» » » » July » » v » » » Aug. r:—O.SHBo’,:OﬂlT? =—1.8
r
3 ‘ ; »  May—July : W » June—Aug. r ——0.403 oy = 0.216 — ——1.9
r

Table 18, Mean Temperature Anomalies for the Surface Water at the Light-vessels Lazse Rende and Schultz’

Grund in the Month of April in each of the Years 1896 —1909 and the Sum of A-Salmon caught 3 Years

after plus B-Salmon caught 4 Years after the Years named. The sums for the Catch of A-Salmon and B-Sal-
mon are corrected for the Influence which is normally due to the Output of Fry. (See p. 20).

Siitn GE As Anomalies
Vear Mean Temperatlure Salmon: and for the sum
temperature| Anomalies Blfaimon of A-Salmon
and B-Salmon
\
1896 5.1 0.8 159%) 82
97 4.6 0.3 62%) —15
98 4.2 ==.1 177%) 100
99 4.6 0.3 53 —24
1900 3.7 —0.6 66 —1
1 4.1 ~—.2 5 —172
2 42 —0.1 121 44
3 4.9 0.6 28, —49
4 4.8 0.5 0%%) —71
5 3.6 —0.7 100 23
6 4.5 0.2 103 26
¥ 4.6 0.3 102 25
8 4.3 0.0 34 —43
9 3.2 1.1 72 — B
mean 4.3 - 77 —

#) The figures were calculated from the total catch after an analysis of only part of the specimens canght,

#F) The catch total is put down as 0, as the catch calculated from the amount of fry liberated is greater than the real

catch of A-Salmon plus B-Salmon.

For the correlation between the temperature anomalies and anomalies for the sum of A-Salmon and B.Salmon we get:
r=—0.014 o= 0.267
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X 0.5
ad,



DANSK RESUME.

J. P. JACOBSEN o6 A. C. JOHANSEN:

OM AARSAGERNE TIL FLUKTUATIONERNE I UDBYTTET
AF VISSE AF VORE FISKERIER.

I. Lakse- og @rredfiskerierne.

A. Indledning.

_ Fluktuationerne i Udbyttet af Lakse- og Orredfiskerierne har fra gammel Tid tiltrukket sig Op-
meerksomhed i en Rakke forskellige Lande. 1 Almindelighed har man veret tilbgjelig til i Hovedsagen

_ at fere dem tilbage til en eller anden Indflydelse, der sves af Mennesket: temporeer Overfiskning, For-

urening af Floderne, Sparringer af Dele af Vandlgbene elc., og naar man ser hen til Laksen og Orredens
relative Individfattigdom og ejendommelige Levevis, idet de baade i det yngste og i det modne Stadium
er knyttet til Dele af Floderne, der ligger langt fra disses Udleb, maa det ogsaa erkendes, at store Fluk-
tuationer i Udbyttet maa kunne fremkaldes af Mennesket.

Imidlertid foreligger der Iagttagelser, der peger i Retning af, at ogsaa fysiske Faktorer kan in-
fluere paa Udbyttet af Laksefiskerierne'), men herom er i Ojeblikket kun lidet kendt. Hvad der vanske-
ligger Undersogelserne, er i Reglen Manglen paa en paalidelig Fangst-Statistik, der strekker sig over en
lzengere Aarrsekke. Vi har da begranset vore Underspgelser til en enkelt Flod, nemlig Gudenaa i det
osilige Jylland (Fig. 1 Side 4), hvor en ngjagtig Statistik over Laksefangsten og @rredfangsten fore-
ligger, og hvor de to Arter i en Aarrazkke er holdt ude fra hinanden. Skent det kun er en lille Flod,
der her er Tale om, har den utvivlsomt sin egen Bestand saavel af Laks som af Haverred?), saa at
Undersegelsen kommer til at omhandle en afsluttet Helhed, men antagelig vil de Resullaler, som vi er
kommel til, ogsaa kunne finde Anvendelse for andre Lokaliteter.

Ved Gudenaaens nedre Leb, ved Frisenvold i Nerheden af Randers, fandtes indtil for faa Aar
siden en Laksegaard, der gik tvers over Aaen, og i hvilken man under normale Forhold var i Stand til
at fange praktisk talt alle de opstigende Laks og Orreder (Fig. 2 Side 5). 1 en Aarrekke, fra 1898 til
1915, sorterede denne Laksegaard under Staten, og den blev i denne Periode drevet som en Forsegs-
anstalt. Laksegaarden var dog i en stor Del af den nevnte Periode ikke monteret til Fangst om Vin-
teren, men i Smsonen fra Maj til November eller Juni til November fangedes nzsten alle de opstigende
Laks og @Orreder i dette Fangstredskab?). En Oversigt over Fangsterne i Aarene 1899—1914 er givet i
Tabellerne 1 og 2 (Side 6). Ogsaa for en lengere Periode forud for 1898 fortes der Statistik over
Fangslen af Laks og @rred ved Frisenvold Fiskegaard, men Adskillelsen mellem de to Arter var i tid-
ligere Tid meget ufuldkommen. Hvad der forud for Aaret 1899 betegnedes som Laks var i Reglen kun

') H. Henging: Die Lachstrage im Ostseegebiet. Rapports et Procés-Verbaux des Reunions. Vol. XVI. Cons. perm. internat.

Copenhague 1913. Prof. Henking henpeger her paa, at ensartede Fluktuationer i Udhyttet af Lakse- og @rredfiskerierne

er iagttaget over store Dele af de baltiske Farvande.

%) A. C. JouanseN og J. CHR. L@FTING: Om Fiskebestanden og Fiskeriet i Gudenaaens nedre Lob og Randers Fjord. Skrifter
udg. af Kommissionen for Havundersggelser, Nr. 9. Kebenhavn 1919.
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store blanke Laks, d. v. s. Vinterlaks!) plus et mindre Antal af store Sommerlaks?!), der navnlig stiger
op i Maanederne Maj og Juni. Hvad der betegnedes som @rred var saavel @rred som Laks i Yngle-
dragt. I Tabel 3 Side 8 er der givet en Oversigt over Udbyttet af blanke Laks i Perioden 1853—1898
og i Tabel 12 (Side 34) er fremstillet Fangsten af Orred plus Sommerlaks, i Maanederne Juni—August
i Perioden 1880—1898.

Naar vi, saa vidt det er muligt, har gjort Rede for Aarsagerne til Fluktuationerne i Udbyliet af
Lakse- og Orredfiskerierne i Gudenaa, har vi tagel baade den naturlige Yngelmzngde, den udsatte
Yngelmengde og Temperaturen i Betragining. Ogsaa andre Forhold sver muligt deres Indflydelse, som
f. Eks. Neeringsmangde, Mzngden af Rovfisk, Lysforholdene, Vandets Iltindhold m. fl., men disse Fak-
torer unddrager sig for Tiden en nsermere Undersegelse.

Man kunde paa Forhaand anse det for sandsynligt, at Udbyttet af Lakse- og Orredfiskerierne er
afhengigt af, om der paa den Tid, da Absorptionen af Blommeszkken finder Sted, er en mere eller
mindre rigelig Adgang til Ernzring for Yngelen. Udklaekningen af Yngelen finder hos os normalt Sted
i Marts Maaned, og Absorptionen af Blommesxkken foregaar overvejende i April. Naeringsmeengden er
utvivlsomt i Foraarstiden i ikke ringe Grad afh@ngig af Temperaturen, og sandsynligvis gennemsnitlig
sterst, naar Temperaturen er hgjest. Det ligger da nser at undersege, om Flukiuationerne i Fangst-
udbyttet muligt kunde forklares ved Temperaturens Indflydelse paa Neringsmeengden i Foraarstiden og
derigennem paa Mangden af spad Yngel, der overlever den kritiske Periode umiddelbart efter Blomme-
sekkens Absorption. En saadan Undersegelse er mulig, da vi kender den Tid, der forleber mellem
Laksens Udklekning og dens Opgang fra Havet som Vinterlaks?). Denne Tid er normall 4!/;—5 Aar.
Den Opgave, der nu foreligger, er da at foretage en Sammenligning mellem Temperaturen i April Maaned
og Fangsten af Blanklaks i Maanederne November—April 4!/,—5 Aar senere. Herved er at bemsrke, at
Laksefangsten 4'/,—5 Aar efter April Maaned i et besteml Aar ikke i det forhaandenverende Materiale
kan udskilles fra Laksefangsten 4—4!/, Aar efler samme Termin, men Fangsten af Laks, saaledes som
dette Begreb i zldre Tid opfattedes, er i Maanederne Maj—Oktober saa ringe i Forhold til Fangsten i
November—April, at det ikke vil kunne influere steerkt paa Beregningerne, om den medregnes til Ud-
byttet fra November—April.

Sammenligningen er da foretaget for Tiden 1849—1894 for Temperaturens Vedkommende og for
Tiden /; 1853—2/, 1899 for Fangstens Vedkommende. 1 denne Tid har der ikke varet udsat kunstig
udklekket Yngel af nogen Betydning, saa at man ikke behever at regne med den forstyrrende Ind-
flydelse herfra. Udfor de i Kolonne 2 Tabel 3 (Side 8) opferte Veerdier for Fangstudbyttet for de i
Kolonne 1 angivne Fangstperioder er der i Tabellens Kolonne 7 opfert Middeltemperaturen for April
Maaned i det Aar (Kolonne 6), med hvilket Fangstudbyttet skal sammenlignes. Paa Grund af, at der
ikke findes sammenhsengende Maalinger af Temperaturen i Havet eller Randers Fjord for Sterstedelen
af den her omhandlede Aarreekke, har vi ved denne Sammenligning, i Modsaelning til, hvad der ellers
er Tilfeldet i denne Afhandling, maatiet ngjes med Lufttemperaturen som Udtryk for Overfladevandets
Temperatur. Ved Velvilje fra Dansk meteorologisk Institut har vi kunnet benyite en Rekke Veardier for
Middellemperaturen i April i Randers for Aarrsekken 1864--1894, men for Aarene 1849—1863 har vi
maattet gaa ud fra de for Kebenhavn foreliggende Middelveerdier, idet disse blev korrigeret med den
Forskel, som der for Aarene 1864—1894 viste sig at veaere paa Aprillemperaturen i Randers og i Keben-
havn. Forskellen var forevrigt ikke stor, idet Apriltemperaturen i Randers kun var 0.2° lavere end i
Kebenhavn.

Ved en direkte Sammenligning af de to Talrekker i Kolonne 2 og Kolonne 7 Tabel 3 vil man
faa del Indiryk, at der ikke er nogen udpraegel Sammenhzng mellem dem, men for al faa Spergsmaalet

) Ved Vinterlaks forstaas her blanke Laks, der stiger op i Tiden fra Oktober til Slutningen af April for at yngle i det

paafelgende Efteraar. Ved Sommerlaks forstaas Laks, der stiger op i Tiden efter forste Maj, og som yngler i den
forste derefter folgende Gydeperiode.

*) Kun meget faa Laks yngler mere end 1 Gang i Gudenaa, se JonanseN og Lerrineg 1. c. 1919.

[
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ngjere undersogt, har vi anvendt en Metode, som i hejere Grad end det ret subjektive Sken, som faas
ved en direkte Sammenligning, kan benyltes il al afgere, om der findes en Forbindelse mellem de om-
handlede Verdier for Fangstudbyttel og Aprillemperatluren. Denne Melode er den saakaldte Korrela-
tionsmetode i en lidt modificeret Form, hvis Anvendelse vi har gjort Rede for paa Side 7. Ved An-
vendelsen af denne Metode kommer vi til det Resultat, at der ingen Sammenhang kan paavises
mellem Apriltemperaturen i Udklzkningsaaret og Fangsten af Vinterlaks 4!/,—5 Aar senere.

B, Fluktuationer i Udbyttet fremkaldt af Variationer i den naturlige Yngelmangde.

Betragter man Fig. 3 S. 13, der viser Fangsten af blanke Laks (altsaa hovedsagelig Vinlerlaks) ved
Frisenvold Fiskegaard i Aarene 1853 til 1898, vil det ses, at der er visse Toppe og visse Dale paa Kurven,
der kommer igen med regelmessige Mellemrum. Seerlig markeret er detle Feenomen for Laksen i Perioden
1853—1868. Mellem Toppene er der et Tidsrum af 5 a 6 Aar. Disse Maksima og Minima forklares
naturligt paa felgende Maade: Vinterlaksens Livscyklus er i Reglen 6 Aar, sjeldnere 5 Aar!). Det an-
tages, at der i de Aar, da Fangstudbyttet er stort, ogsaa udvikles en rigeligere Yngelmangde end nor-
malt, idet der rimeligvis gennemsnitlig slipper flere Laks forbi Fiskegaarden (under Oversvemmelser elc.)
1 de Aar, hvor Opgangen er stor, end i de Aar, hvor Opgangen er ringe, og naar forholdsvis mange
Laks kommer til at yngle, udvikles der gennemsnitlig mere Yngel end sadvanlig. Toppene paa Kurven
gentager sig derfor for Vinterlaksens Vedkommende med 5 4 6 Aars Mellemrum,

Skent det saaledes ved en simpel Betragtning af Kurven Fig. 3 ret tydeligt fremgaar, at der
virkelig findes en Sammenhseng mellem Fangsten i1 et Aar og Fangsten 5 & 6 Aar senere, kan det dog
veere af Interesse at undersgge denne Sammenhzng noget narmere, og vi har dertil anvendi den foran
omlalte Korrelationsmetode.

Som Grundlag for Beregningerne anvender vi de i Tabel 3 (Side 8) opferte Veerdier for den
procentiske Fangstanomali?) for de iTabellens forste Kolonne anferte Perioder fra 1. Maj lil 30. April. For
Kortheds Skyld vil vi betegne disse aarlige Perioder ved Kalenderaarene, saaledes at en Periode betegnes
ved det Kalenderaar, i hvilket den sterste Del af den er beliggende.

Vi vil da sammenligne de procentiske Anomalier for 1853, 1854, . . . . 1897 med de proceniiske
Anomalier for 1854, 1855, . . . . 1898, hvorved vi faar underspgt, hvilken Sammenhseng der er mellem
Fangstudbyttet i et Aar og det folgende. Paa lignende Maade vil vi underspge Sammenhzngen mellem
Fangstudbyttet i et Aar og det andet, tredje, fjerde, femte, sjette og syvende folgende Aar, idet vi, efter
hvad vi saa ved en umiddelbar Betragtning af Kurven, i hvert Fald maa vente, at der vil vise sig en
Sammenhseng mellem Fangstudbyttet i et Aar og Fangstudbyttet 5 eller 6 Aar senere.

Beregningerne for de forskellige Forskydninger giver felgende Resultat:

Forskydning, Antal Aar 1 2 3 4 5 6 7
= —0.17 —0.11 —0.25 005 0.06 032 —0.31
G = 0.14 0.15 0.14 0.15 0.16 0.14 0.14
dl — —i8 006 —18 0.36 0.37 294 1015

Man ser heraf, at der er en positiv Korrelation mellem Fangstudbyitet i et Aar og Fangstudbyttet

6 Aar senere. Har derfor Fangstudbyltet et bestemt Aar vzeret henholdsvis rigt, normalt eller ringe,

maa man vente et Fangstudbytte af lignende Art 6 Aar senere, forudsat at de samme Betingelser for
Gydningen og Yngelens Udvikling er til Stede som i det betragtede Aar. (Se Fig. 4 Side 14).

1 Unglaksens Levetid i det ferske Vand varver i Gudenaa i Reglen 2 Aar (70—80° ), sjeldnere 1 Aar. Vinterlaksen yngler

nesten altid 31/,—4 Aar efter dens Udvandring til Havet (2'/,—3 Aar i Havet, 1 Aar i Floden. A. C. JoHANSEN of

J. CHR. LortIiNG 1. c. 1919.

%) Ved den procentiske Fangstanomali forstaar vi det Antal Procent, som Forskellen mellem det virkelige Fangst-
udbytte og Normalfangsten udger af Normalfangsten.
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For Perioden 1899—1914 muligger det forhaandenvarende statistiske Materiale vedrerende Lakse-
fangsten ved Frisenvold Fiskegaard en langt finere gennemfert Analyse end for Perioden 1853—1898.
For det forste gennemfortes efter 1898 en fuldsteendig Adskillelse mellem Laks og @rred, og dernzest
maaltes Totallzengden . af hver enkelt af de indfangede Fisk. Paa den anden Side holdtes Fiskegaarden
nu ikke lukket til Fangst i visse af Vintermaanederne. Medens vi for den tidligere Periode besad en
Statistik, der veesentligst omfattede Vinterlaksen, har vi for Perioden 1899—1914 kun en fuldstendig
Statistik for Fangsten af Sommerlaks.

Sommerlaksen beslaar hovedsagelig af lo Grupper: Gruppe A, der yngler ca. 1!/, Aar efter
Udvandringen til Havet, og overvejende stiger op i Maanederne Juli og August, og Gruppe B, hvis
Yngletid falder ca. 2!/, Aar efter Udvandringen til Havet, og hvis Hovedopgang falder i Juni og Juli.
Hertil kommer enkelte Sommerlaks af Gruppe C, der har tilbragt ca. 3 Aar i Havet og yngler ca. 31/,
Aar efter Udvandringen. Hovedmassen af Laksen af alle disse tre Grupper tilbringer som Unglaks to
Aar i Ferskvand.

Vi har nu paa Tabel 6 (Side 28) gennemfert en Adskillelse mellem Laks af Gruppe A og Laks af
Gruppe B. Det har veeret muligt at gennemfere denne Adskillelse med stor Tilnermelse ved en Be-
tragtning af Individernes Sterrelse og ved en Undersegelse af Skeellene af et mindre Antal Individer?).
De faa Individer af Gruppe C har derimod ikke i det forhaandenvaerende Materiale kunnet adskilles [ra
Gruppe B.

Det fremgaar af det her anferte, at der af Yngelen i et bestemt Aar dels fremkommer A-Laks
tre Aar senere, dels B-Laks fire Aar senere, og nu viser det sig netop, at der mellem Antallet af
A-Laks i et bestemt Aar og Antallet af B-Laks det falgende Aar er en tydelig Forbhindelse.
Underseger man Korrelationen mellem Fangstanomalierne for A-Laks i et Aav og Fangstanomalierne for
B-Laks i det folgende Aar i Perioden 1899—1913 faas folgende Veerdier:

r = 0,783; ¢ = 0.103; - =7.8.

P

Dette Forhold peger tydeligt hen paa, at Fluktuationerne i Udbyltet er afhsengige
af Yngelmengden, men det viser intet neermere om, hvorvidt det er den naturligt udviklede Yngel
eller den kunstigt udklekkede Yngel, der i Perioden 1899—1914 har givet de vaesentligste Udslag. Som
det fremgaar af del folgende Kapitel, maa del anlages, at Hovedmassen af de indfangede Sommerlaks i
denne Periode stammer ira den kunstigt udklekkede Yngel.

Den anfarte Beregning viser, at man med betydelig Sikkerhed kan forudsige, at hvis der fanges
relativt mange A-Laks i et hestemt Aar, vil der ogsaa fanges relalivi mange B-Laks i del folgende Aar,
og at en ringe Fangst at A-Laks vil blive fulgt af en ringe Fangst af B-Laks i det felgende Aar.

C. Fluktuationer i Udbyttet af Lakse- og @rredfangsten paavirket af Variationer i
M=ngden af udsat Yngel.

For Sommerlaksens Vedkommende viser Fig. 5 (Side 16), som fremstiller Antallet af de i Juni,
Juli og August fangede Laks for Tidsrummet 1899—1913, nogle faa udpraegede Maksima, der er adskilte
ved et Tidsrum af 4 4 5 Aar. Disse Maksima kan ikke forklares helt analogt med de foran omtalte
Maksima for Vinterlaksens Vedkommende, skent Sommerlaksens normale Livscyclus for Hannernes Ved-
kommende i Reglen er 4 eller 5 Aar og for Hunnernes Vedkommende i Reglen 5 Aar. Neesten alle
Sommerlaks, der stiger op i Gudenaa for at yngle, og som ikke allerede fanges ved Fiskeriet i Randers
Fjord, fanges nemlig i Fiskegaarden ved Frisenvold. Der er ikke Grund til at antage, at der slipper
mange flere Sommerlaks forbi Fiskegaarden i de Aar, hvor Opstigningen er storsl, end i de svrige Aar.

) A. C. Jonansen og J. Cur Lorrivg: Uber den Gudenaa-Laks in H. Henking: Die Lachsfrage im Ostseegebict II. Rapports
et Procés-Verbaux Cons, perm. Internat. Vol, XXIIT 1916.
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Frisenvold Fiskegaard har veeret anvendt til Fangst hele Sommeren igennem i alle Aarene fra 1899—1913,
og i Sommertiden er storre Oversvemmelser sjeldne. Der er da Grund (il at undersege, om de to ud-
preegede Maksima i Fangsten i 1906 og 1910 ikke skulde skyldes andre Aarsager end Vekslinger i Mangden
af den i Gudenaa udviklede Lakseyngel. '

Vi har da ferst og fremmest undersggt, om de nzevnte Maksima i 1906 og 1910—11 ikke kan
forklares ud fra den Omstendighed, at der i visse Aar forud for 1906 og 1910—11 har vzeret udsat for-
holdsvis megen kunstig udklekket Lakseyngel i Gudenaa eller dennes Tillgb.

Som det vil ses af Tabel 5 Side 17 omfatter Udseetningen seerlig store Meengder af spseed Yngel i
1903 og 1907 og seerlig store Mwengder af Halvaarsyngel i 1907 og i Aarene 1912—14. Hvis Udszttelsen
af kunstig udklekket Yngel i det Hele har nogen Virkning, maa denne da i Hovedsagen spores efter tre
Aars Forleb for Gruppe A og efter fire Aars Forleb for Gruppe B’s Vedkommende (Side 17). For at
faa et samlet Udtryk for Virkningen af en Yngeluds®ining vil det derfor veere naturligt at betragte de
to Virkninger: paa A-Laks 3 Aar efter Yngeluds@tningen og paa B-Laks 4 Aar efter Yngeludsetningen
under eet. Ved denne Fremgangsmaade undgaar vi en forstyrrende Indflydelse af det Fenomen (der
senere er omtall), at en hej Sommertemperatur fremskynder Modningen hos Laksen og derved fremkalder
en relativ stor Opgang af A Laks, medens en lav Sommertemperatur har den modsatte Virkning.

Som det vil ses af Fig. 6 (Side 18) er der en udpraeget Overensstemmelse mellem de Kurver,
der viser Antallet af udsal spsed Yngel og Sterrelsen af Fangsten af A-Laks 3 Aar senere plus Fangsten
af B-Laks 4 Aar senere. Sewrlig fortjener det at fremhaeves, at den store Udsetning af spzed Yngel i
1903 fulgtes af et Maksimum i Fangsten af A-Laks i 1906 og B-Laks i 1907. I Aaret 1902 var Lakse-

~ fangsten mindre end normal, og der er derfor intet der tyder paa, at der i Foraaret 1903 skulde veere

fremkommet szrlig store Mengder al naturligt udklekket Lakseyngel. Ogsaa Udsettelsen af Halvaars-
yngel var ringe i 1903. Den store Udszettelse af spaed Yngel i 1907 fulgles ogsaa af et Maksimum i
Fangsten af A-Laks tre Aar senere og af B-Laks fire Aar senere. De to udpregede Maksima i
Fangsten af A-Laks i 1906 4+ B-Laks i 1907 samt af A-Laks i 1910 4+ B-Laks i 1911 for-
klares saaledes maturligt ved, at der blev udsat forholdsvis store Mengder af spead
Lakseyngel i 1903 og 1907. Mindre igjnefaldende er derimod Overensstemmelsen mellem Antallet
af udsatte Halvaarslaks og Fangsten af A-Laks 3 Aar senere plus Fangsten af B-Laks 4 Aar senere.
Ganske vist fulgles den store Udszetning af Halvaarsyngel i 1907 af et Maksimum i Fangsten af A-Laks
i 1910 plus B-Laks i 1911, men omvendt fulgtes den store Udswtning af Halvaarsyngel i 1904 af et
Minimum i Fangsten af A-Laks i 1907 plus B-Laks i 1908. Der er saaledes ikke Tvivl om, at den
Kurve, der illustrerer Udsatningen af den spaede Yngel, viser langt sterre Overensstemmelse med Fangst-
kurven end den Kurve, der illustrerer Udsetningen af Halvaarsyngelen.

Korrelationen mellem den udsatte Maengde af Yngel i Aarene 1900 —1909 og Fangsten af A-Laks
3 Aar senere plus Fangsten af B-Laks 4 Aar senere har folgende Veerdier!):

Sped Yngel korreleret med Fangst af A-Laks plus B-Laks:

r = 0.83
g — 0.10
~ —83.
Or
Halvaarsfisk korreleret med Fangst alf A-Laks plus B-Laks:

r = 0.64
g = 0.18
~ =35.
Or

1y Materialet for en Korrelationsberegning er dog ikke helt tilfredsstillende, bl. a. fordi der er en vis Korrelation mellem

Mengden af den udsatte spede Yngel og Mangden af Halvaarsyngelen (r = 0.60; o, = 0.20; (_% = 3.0), og fordi den
r
Aarrzkke, for hvilken Forbindelsen mellem Udsztning og Fangst undersages, er forholdsvis kort.
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Da der af den spwede Yngel i Perioden 1901—09 gennemsnitlig kun er udsat ca.
4 Gange saa mange Individer som af Halvaarsyngelen, medens 1000 Stk. Halvaarsyngel
koster ca. 15 Gange saa meget som 1000 Stk. spaed Yngel, peger dette Forhold med Be
stemthed hen paa, at Uds®tningen af spsed Yngel har veaeret mere fordelagtig end Ud-
setningen af Halvaarsflisk.

For nzermere at komme til Klarhed over, i hvilken Grad Udseettelsen af spseed Yngel og af Halv-
aarsyngel har Indflydelse paa Sterrelsen af Fangsten, har vi underkastet det foreliggende Materiale
(Tabel 5 og 6) en mere indgaaende Underseagelse.

Gaar vi ud fra, at der af en vis Yngelmangde Q, 3 Aar senere genfanges en Brekdel (p) som
A-Laks og 4 Aar senere en Brekdel (q) som B-Laks, bliver det samlede Antal fangne Individer F, der
hidrerer fra den betragtede Yngelmzngde F = (p + q)-Q. Gaar man ud fra, at Sterrelserne p og q
vaesentlig er de samme for den hele Aarrsekke, vil man altsaa have, at den betragtede Fangstsum F af
A og B Gruppens Individer i det veesentlige maa vaere proportional med Yngelmaengden Q. Naturligvis
kan tilfeeldige Faktorer bevirke, at p og q kun med Tilnzrmelse kan anses for at vere de samme for
forskellige Aar, og delle vil da ogsaa give sig til Kende ved, at en Beregning, der gennemferes paa det
anforte Grundlag, vil vise en betydelig Middelfejl for Sterrelsen p + q. Et af de Forhold, som bevirker,
at p og q kan vere forskellige fra Aar til andet, er det, at en hegj Temperatur i Foraarsmaanederne
fremkalder en Forskydning fra B-Gruppen til A-Gruppen, som det senere skal omtales, idet nogle af de
Individer, som normalt skulde gaa op som Individer af B-Gruppen, ved en hgj Temperatur forkorter
deres Ophold i Havel og gaar op som Laks af A-Gruppen, og omvendt ved lav Temperatur, at nogle af
de Laks, som normalt skulde gaa op som Individer af A-Gruppen, forbliver et Aar lengere i Havet og
gaar op som Individer af B-Gruppen. Imidlertid maa man gaa ud fra, at man i Summen af fangede
A-Laks i et bestemt Aar og B-Laks i det fglgende Aar har det bedste Udtryk, der kan tilvejebringes, for
Antallet af de Individer, der stammer fra den Yngelmangde, som har veeret til Stede tre Aar for Fangsten
af A-Laksen og 4 Aar fer Fangsten af B-Laks.

For at faa det bedst mulige Udtryk for, paa hvilken Maade Fangstsummen afhenger af den ud-
satte Yngelmangde, dels af spzed Yngel, dels af Halvaarsyngel, har vi opslillet Fangstsummen F som en
Funktion af de udsatte Mzngder af spaed Yngel, m, halvaars Yngel, M, og en konstant Sterrelse C, der

skal betegne den Sterrelse, som Fangstsummen skulde have haft, hvis der ingen kunstig Yngel havde
veeret udsat. Man har da:
F=xm+4yM+ C

F og C udirykkes som Antallet af Individer, m og M angives i Tusinder.

Gennemferes Beregningen ved de mindste Kvadraters Metode, finder man af de i Tabel 5 an-
forte Tal:
x = 1.4 Middelfejl paa x =10.5

y=19 — — y=20
C=58 — — C = 30.

Dette vil altsaa sige, at man som Resultat finder, at der af 10000 Stk. udsat spad Yngel gen-
fanges 14 Stk. som Laks af A- eller B-Gruppen ved Frisenvold, medens man af 10000 Stk. 1/, Aars Yngel
genfanger 19 Stk. Uafhzengig af den udsatte Yngel skulde man gennemsnitlig have fanget 58 Individer
om Aaret. Middelfejlen paa de beregnede Sterrelser viser, at Beregningerne vel er usikre, men at man
dog serlig for den spzde Yngels Vedkommende maa antage, at de giver et godt Udtryk for Fangstens
Afhzngighed af den udsatte Yngelmaengde. Det konstante Antal 58 for Fangstsummen synes ogsaa en
rimelig Veerdi, idet det ikke er meget forskellig fra det Antal, som beregnes som Middelveerdi for Fangst-

summen de 5 Aar fer Yngeludsetningen begyndle, og ikke afviger saa meget fra delle som Middelfejlen
paa det beregnede Anlal C, nemlig 30.
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De foretagne Beregninger bekreefler saaledes det Resultat, vi kom til ved en Sammenligning
mellem de Kurver, der betegner Stgrrelsen al Yngeludsziningen og den Kurve, der betegner Stoerrelsen
af Fangsten af A-Laks og B-Laks henholdsvis 3 og 4 Aar efter Udsatningen.

Vi har nu set, at 1000 Stk. Halvaarsfisk sandsynligvis ikke har en synderlig sterre Veerdi til Ud-
setningsbrug end 1000 Stk. speed Yngel, og at der i alt Fald kun er en ringe Sandsynlighed for, at
1000 Stk. Halvaarsfisk skulde veere lige saa meget veerd til Udssetningsbrug som 4000 Stk. spzd Yngel.
Da opdrzttede Halvaarslaks gennemsnitlig har kostet ca. 15 Gange saa meget som spad
Yngel, er det Resultat, vi er kommet til, af stor ekonomisk Rzkkevidde. Man har hidtil
ikke haft noget Holdepunkt for, om Udsetning af Halvaarsyngel eller Udswztning af spzed Yngel belaler
sig bedst. I Danmark har der veeret en Tendens til i Tidens Lob at legge storre og sterre Vaegt paa
Udsatningen af Halvaarsyngel. Denne Vej ber nu forlades. De foretagne Undersggelser taler
med Bestemthed for, at Udswtning af kunstig fodrede Smttefisk ber opgives til Fordel
for Uds=tning af spaed Yngel

Det kunde synes at vare et meget beskedent Resultat, at Udsetningen af 10000 Stk. spaed Yngel
fremkalder en Stigning i Fangsten ved Frisenvold af 14 Sommerlaks. Men delte er i Virkeligheden et
meget gunstigt Resultat. Veaerdien af 10000 Stk. speed Yngel kan seltes til ca. 60 Kr. (fer Krigen ca.
30 Kr.). Veglen af 14 Sommerlaks er ca. 56 kg, og Vewrdien ca. 4 Kr. pr. kg, altsaa ialt 224 Kr. (for
Krigen 1 a 2 Kr. pr. kg). Men hertil kommer, at mange af de opstigende Sommerlaks fangedes i Randers
Fjord eller i Gudenaaens nederste Lob, ferend de naaede Frisenvold Fiskegaard, og endvidere fangedes
adskillige Laks, der rimeligvis tilherte Gudenaa-Slammen, ved Jyllands estlige Kyster.

Endelig er der en Mulighed for, at der af den udsatte Yngel, som stammer fra Sommerlaks,
delvis kan veere udviklet Vinterlaks, men herom vides i @jeblikket intet.

Det har da sikkert veerel el meget rentabell Foretagende at udsmite sped Yngel af Laksen i
Gudenaa og dennes Tilleb.

De Halvaarslaks, der har veeret anvendt til Udszeltelse i Gudenaa og dennes Tilleb, stammer i
det store og hele fra Damme, hvor de er blevne fodrede og derved sandsynligvis forkelede. Ungfisk,
der stammer fra Damme, hvor de selv maa serge for Foden, er rimeligvis mere verdifulde som Seette-
fisk. Ved Forspgene i Gudenaa har den spaede Yngel af Laksen bestaael Preven som en veerdifuld
Seettefisk, men endnu foreligger der ingen videnskabeligt gennemfert Forspgsraekke, der kan vise, hvilken
Verdi Ungfisken af Laks eller @rred fra »Naturdamme« har til Udsztningsbrug i Forhold {il den
speede Yngel.

I Aarene 1912—14 blev der i Gudenaa og dennes Tilleb ikke udsat spaed Yngel af Laks, men
derimod Halvaarsfisk i ret betydeligt Antal, gennemsnitlig ca. 39000 Stk. pr. Aar (Tabel 5). Da Frisen-
vold Fiskegaard blev nedlagt i 1915, kan der ikke fra delle Sted skaffes Oplysninger om Virkningen af
denne Udsattelse, men det kan ad anden Vej skonnes, at Virkningen ikke har veeret betydelig og siklert
ikke storre end den beregnede. Efter Nedleggelsen af Frisenvold Fiskegaard passerede Sommerlaksen
forbi denne, men de allerfleste Individer indfangedes nu hejere oppe i Aaen paa Straekningen mellem
Langaa og Silkeborg (Fig. 1). Efter Nedleggelsen af Frisenvold Fiskegaard steg Fungsten af
Sommerlaks paa denne Streekning, men dog ikke mere, end at den samlede Fangst al Laks paa den
nzevnte Straekning i Aarene 1915—1918 efter Oplysninger ira den sledlige Fiskeribeljent var ca. 160 Stk.
gennemsnitlig pr. Aar, hvoraf Sommerlaksen udgjorde ca. Halvdelen. Da naesten alle de kensmodne Laks
fanges i Gudenaa fer, under eller efter Gydningen, ter det ikke antages, at der af de 39000 Halvaarsfisk
aarlig er fremkommen mere end ca. 80 Sommerlaks, der har passeret forbi Frisenvold Fiskegaard.
Derimod er det meget vel muligt, at Virkningen har veeret betydelig ringere, idet adskillige Sommerlalks
utvivlsomt hidrerer fra den naturlige Bestand af ynglende Laks.

De 39000 Stk. Halvaarsfisk skulde i Folge Beregning efter det fer anferte have foreget Fangsten
med 74 Individer pr. Aar.
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For Haverredens Vedkommende muligger det forhaandenveerende Materiale ikke en saadan
Adskillelse mellem A-Gruppen og B-Gruppen som for Laksens Vedkommende. Desuden spiller saavel
C-Gruppen som Individer, der tidligere har ynglet, en langt slerre Rolle for Haverredens end for Sommer-
laksens Vedkommende. Disse Forhold bevirker, al wvi ikke kan gennemfare en saadan Undersegelse
angaaende Virkningen af den udsatte spzede Yngel og af Halvaarsyngelea for @rredens Vedkommende
som for Laksens Vedkommende. Men naar man ser hen paa den store Overensstemmelse i Laksens og
Haverredens Biologi, vil man ikke tage i Belsenkning at bringe de indvundne Resultater ved Udseetning
af Lakseyngelen i Anvendelse ogsaa ved Udswstningen af Haverredens Yngel. Adskillige Forhold peger
tydeligt nok hen paa, at Udselningen af den kunstigl udklekkede @rred-Yngel i de forskellige Alders-
trin har influeret steerkt paa Sterrelsen af Fangsten. Efler en usmdvanlig stor Udssetning af Yngel i
1906 fulgte saaledes en usmdvanlig stor Fangst 1 1910, og efter en lignende stor Udszetning i 1909 fulgte
en Fangst, der var sterre end normalt, i 1912 og 19135 (Fig. 5).

D. Fluktuationer i Lakse- og @rredfangsten fremkaldt af Sommertemperaturen.

1. Sommertemperaturens Indflydelse paa Antallet af opstigende Individer.

Vi har foretaget en Underspgelse af, om Sommerlemperaluren har nogen Virkning paa de iagl-
tagne Svingninger i Udbyttet af Laksefangslen og @rredfangsten ved Frisenvold Fiskegaard. Vi har da
forst betragtet Fangsten indenfor Perioden 1899—1913, for hvilken der foreligger en aldeles paalidelig
Statistik for Sommerlaksens og Haverredens Vedkommende med en neje gennemfert Adskillelse mellem
de to Arter. (Se Tabellerne 1 og 2).

Det, vi ensker at sammenligne, er Udsvingene fra den normale Sommertemperatur og den pro-
centiske Fangstanomali for Laks og Haverred (se Side9). Som Udlryk for Sommerlemperaturen
paa Sommerlaksens og Opgangserredens Opholdssteder har vi taget Middellemperaturen i Overflade-
vandet ved Fyrskibene Lzsg Rende og Schultz’ Grund. Paa Tabel 7 er Temperaluren og Temperatur-
anomalierne opferle for Maanederne Maj—Seplember for Perioden 1899—1913. Paa Tabel 8 er opfert
Fangsten og Fangstanomalierne for Laks i Maanederne Juni—Juli—August, i den anferte Periode, og
Tabel 9 indeholder en lignende Oversigl for Haverredens Vedkommende. Tabellerne er givet i grafisk

Fremstilling i Figur 5, paa hvilken tillige den udjeevnede Kurve, der representerer Normalfangsten,

er indtegnet. Endelig indeholder Tabel 10 den beregnede Korrelation mellem Temperaturanomalierne
og Fangstanomalierne. Temperaturen i en bestemt Periode stilles her overfor Fangsten i en bestemt
Periode. Betragter vi forst de fundne Korrelationskoefficienter for Laksens Vedkommende, vil det ses, at
disse alle er positive og serlig store, hvor Temperaturen i Maj sammenholdes med Fangsten i Juni og
Juli, og hvor Temperaturen i Juni sammenholdes med Fangsten i Juli, I et Par af disse Tilfeelde er
Korrelationskoefficienten mere end 3 Gange saa stor som Middelfejlen paa denne. Sammenholder man
endelig Temperaturen for Maj—Juli med Fangsten for Juni—August faas Korrelationskoefficienten
(r) = 0.509 med Middelfejlen (o) = 0.191, saaledes al Korrelationskoefficienten her er 2.7 Gange saa slor
som Middelfejlen. Denne Forbindelse mellem Temperaturanomalien og Fangstanomalien er illusireret
paa Fig. 7 Side 22.

For Haverredens Vedkommende viser Tabel 10 en tilsvarende Korrelation mellem Temperatur-
anomalierne og Fangstanomalierne som for Laksens Vedkommende. Serlig store Veerdier faar Korrela-
tionskoefficienten, naar vi sammenholder Maj-Temperaturen med Juni-Fangsten og Juni-Temperaturen
med Juni-Fangsten. Vi finder her, at r i farstnzvnte Tilfeelde er 5.8 Gange saa stor som dens Middelfejl,
og i sidstneevnte Tilfelde 9.3 Gange saa stor som dens Middelfejl.

Eksempler paa Forbindelsen mellem Temperaturanomalier og Fangstanomalier er fremstillet paa
Fig. 7—10 Side 22—25.

Temperaturen i Maj og Juni paavirker saaledes kendelig Fangsten i Juni og Juli, men har ingen
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sikkert paaviselig Virkning paa Fangslen i de senere Maaneder af Aaret. Temperaturen i Juli kunde
synes at have en vis ringe Virkning paa Fangsten i Juli 0g August, men muligvis skyldes dog denne
tilsyneladende Sammenhzng den Omstendighed, at der er en vis Korrelation mellem Temperaturen i de
forskellige Sommermaaneder. Temperaturen i August og September synes ikke at influere paa Fangsten
i Aarets senere Maaneder.

Den Mulighed kan ikke afvises, at den iagttagne Korrelation mellem Temperaturanomalierne og
Fangstanomalierne i Perioden 1899—1913 i nogen Grad kunde vare af tilfeeldig Art, og f. Eks. skyldes
Anomalier fremkaldt ved Udsatning af den kunstigt udklekkede Yngel. Det viser sig f. Eks. rent til-
feeldigt, at der indtraf varme Somre 3 Aar efter den store Yngeludsatning i 1903 og 3 og 4 Aar efter den
store Yngeludsetning i 1907. Tilfzeldigheder af denne Art medforer, at Korrelationskoefficienten bliver
sterre end den ellers vilde vaere blevet.

For at undgaa en forstyrrende Virkning af den kunstigt udklekkede Yngel ved Undersagelsen af
Forbindelsen mellem Sommertemperaturen og Storrelsen af Fangsten, har vi betragtet Sagen fra et andel
Synspunkt. Hvis den heje Sommertemperatur har den Virkning, at Antallet af opstigende Laks vokser,
kan dette ikke forklares paa anden Maade end ved at Temperaturen virker fremmende paa Modningen,
idet alle de Laks, der stiger op i Sommertiden, skal yngle i den forste derpaa folgende Gydeperiode. Det
maa da antages, at adskillige af de Laks, der ved en lav eller normal Sommertemperatur bliver til B-Laks,
ved en hej Sommertemperatur forkorter deres Ophold i Havet og bliver til A-Laks. Vi har da foretaget
en Undersogelse, der kan vise, om der i varme Somre fanges et relativt stort Antal af A-Laks, idet vi
har betragtet Forholdet mellem Fangsten af A-Laks i et bestemt Aar (p) og Fangsten af A-Laks i samme
Aar plus B-Laks (q) det folgende Aar. Vi er herved gaaet ud fra, at Forholdet mellem A-Laks og B-Laks
bliver det samme for den udsatte Yngel som for den i Naturen udviklede Yngel. Vi finder da ved Be-
regning den paa Tabel 13 anferte Korrelation, der bekrafter, at den heje Temperatur virkelig har den
Virkning, at Antallet af opstigende Laks vokser.

Der maa ved Betragtning af de fundne Vardier for Korrelationen lzegges Veegt paa, at disse i alle
Tilfelde er positive.

Naar vi i det foregaaende har set, at der i varme Somre stiger flere Laks og Haverreder op end
normalt, maa dette som foran anfort betyde, at Modningen fremskyndes hos en Del af Individerne, saa-
ledes at deres Ophold i Havet forkortes. Det vil da vere af Betydning at undersege, om der her finder
en Forskydning Sted baade fra B-Gruppe til A-Gruppe og fra C-Gruppe til B-Gruppe. For Laksens Ved-
kommende er en saadan Undersegelse mulig, idet vi her med stor Tilnzrmelse kan adskille de tre Grupper
fra hinanden.

Underseger man Korrelationen mellem Temperaturanomalierne for Maj, Juni og Juli og Ud-
svingene fra Middelfangsten i Lebet af Sommeren for Perioden 1899—1913 henholdsvis for Laks af
Gruppe A og Laks af Gruppe B, faas folgende Resultat (se Tab. 14):

Laks af Gruppe A.
r=0642, o =0152, ~ =42

r

Laks af Gruppe B.
r=— 0075, o =0.257, ;‘ =—03.

Der viser sig saaledes en tydelig Forskydning fra Gruppe B til Gruppe A, medens en Forskydning
fra Gruppe C til Gruppe B ikke kan paavises. Dette Forhold kunde fremkalde en Formodning om, at
Gruppe C, der i Hovedsagen stiger op i Vintertiden, tilherer en anden Race end Grupperne A og B, der
stiger op i Sommer- og Efteraarstiden.

Det bemerkes, at Storrelsen af de naevnte Korrelationskoefficienter utvivisomt i veesentlig Grad er
afhangige af Virkningerne af den kunstigt udsatie Yngel.
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Vore Undersogelser over Temperaturens Indvirkning paa Laksefangsien har fert os ind paa
Spergsmaalet, om Laksen i varme Somre stiger op paa samme Aarstid som i kolde Somre. For at
underspge dette Spergsmaal nermere, har vi betragtet den Gruppe af A-Laks for sig, der stiger op i
Tiden fra Maj til Slutningen af Juli, og vi har nu undersegt, om den Procentdel, som denne Gruppe
udger af den samlede Fangst af A-Laks, er lige stor i varme og i kolde Somre. Vi har da beregnet
Korrelationen mellem Temperaturanomalierne og Udsvingene fra Middelveerdien af den procentiske Fangst
af A-Laksen, der falder paa Maanederne Maj—Juli, og har herved faaet faolgende Resultat:

r=0363; o =0224; Ul =1.6.
Realiteten af den fundne Korrelation er nzppe tvivisom, da Udsvingene for Temperaluren og
Udsvingene for den procentiske Fangst i alle Tilfzelde gaar i samme Retning (se Tabel 15 og Fig. 11 Side 26).

2. Temperaturens Indflydelse paa de opstigende Individers Vagt.

I det foregaaende har vi set, at en hgj Sommertemperatur baade har den Virkning, at den frem-
kalder en Forskydning fra B-Laks til A-Laks, og foraarsager en tidligere Opgang af A-Laksen end normalt.
Det maa herefter antages, at Gennemsnitsvaegten af Opgangslaksen i varme Somre er mindre end normalt,
og vore Beregninger viser ogsaa, at dette er Tilfseldet.

Betragter man Temperaturanomalierne for Maj, Juni og Juli i Forhold til Udsvingene fra Middel-
veegten af Laks af alle Grupper fanget i Juni, Juli og August for Perioden 1899—1913 faar man folgende
Resultat (se Tabel 16):

r=—0568, o =0175, hvoraf — ——3.2.

Oy

De tilsvarende Tal for Haverredens Vedkommende er (se Tabel 17):

r=—0403, o =0216 og ai =19

Underseger man, hvorledes Forbindelsen er mellem Temperaturanomalierne og Udsvingene fra
Middelveegten for de enkelte Maaneder, finder man, at Korrelationskoefficienten i alle Tilfzelde er negativ,
og at den i adskillige Tilfelde har meget betydelige Vardier i Forhold il Sterrelsen af Middelfejlen paa
denne. (Se Tabellerne 16 og 17).

Inden for Aarreekken 1899—1913 var Temperaturen i Maj—Juni meget ner normal i 1903, 1912,
1913; hajere end normal i 1899, 1901, 1905, 1906, 1908, 1910, 1911, og lavere end normal i 1900, 1902,
1904, 1907 og 1909. Underseger man Middelvaegten for Laks og @rred fanget i Maanederne Juni, Juli
og August i de anferte Aarrsekker faar man folgende Resultat?):

Temp. Maj—Juli Laks Haverred
over normal 3.56 kg 2.69 kg
normal 4.27 - 3.00 -
under normal 4.26 - 292 -

Vi har nu i det foregaaende set, at Antallet af fangede Laks og Orreder er sterre i varme end i
kolde Somre. Fra dette Forhold ter vi dog ikke slutte, at en hgj Sommertemperatur skulde vzere gavnlig
for Lakse- og Orredfiskerierne, mere end rent momentant.

Fra Undersegelserne over Laksen ved vi, at den ved en hej Temperatur fremkaldte Forggelse i
Fangsten, alene skyldes en Tiltagen i Mangden af A-Laks, medens Antallet af fangede B-Laks ikke er
storre end normalt. Den heje Temperatur fremskynder altsaa Modningen og bevirker, at talrige Individer,
der ved en lavere Temperatur vilde have gaaet et Aar endnu i Havet og forst vere indvandret som

') Tallene angiver Gennemsnittet af de aarlige Middeltal.
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B-Laks, forkorter deres Ophold i Havet og indvandrer som A-Laks. Men dette er nzeppe nogen Fordel
set fra et fiskerimzassigt Synspunkt. Gennemsnitsvaegten af Individerne af Gruppe B er omtrent 2.5 Gange
saa hej som Gennemsnitsveglen af Individer af Gruppe A, og det er ikke sandsynligt, at Bestanden af
opvoksne Laks under sit Ophold i Havel bliver reduceret til 2 af sin oprindelige Storrelse i Lobet af et
Aar ved Angreb fra naturlige Fjender (bortset fra Mennesket).

E. Om Aarsagerne til de mangeaarige Udsving fra Normalfangsten.

I de foregaaende Kapitler har vi set, at kortvarige Fluktuationer fremkaldes i Udbyttet af Lakse-
og @rredfiskerierne ved Temperaturens Indflydelse paa Opgangstiden og Fluktuationer af noget lengere
— men dog ikke mangeaarig — Varighed ved de vekslende Yngelmeengder.

Vi vil nu gaa over til at betragte de Fluktualioner, der sireekker sig over en lang Aarreekke. Vi ser
da, at Udbyttel fra 1853—1886 i del store og hele har veeret nedadgaaende, og at Udbyttet fra 1903 til
1913 i det hele har veret opadgaaende. (Se Fig. 3 og Fig. 5). Det nedadgaaende Udbytte i 1853—1886 forklarer
vi paa felgende Maade: I denne Periode var Frisenvold Fiskegaard i Virksomhed baade Sommer og
Vinter, og kun meget faa Individer undgik under normale Forhold at blive fanget der. Bestanden af
ynglende Laks er da stadig blevet formindskel, og der er da fremkommet for lidt Yngel til Vedligeholdelse
af Bestanden. Nedgangen i Udbyttel maa saaledes antagelig fores tilbage til et for intensivt drevet
Fiskeri.

Stigningen 1 Udbyttet af Sommerlaksen fra 1903—1913 forklarer vi paa folgende Maade: Den er

“en Virkning af Udsztningen af kunstig udklzekket Yngel og muligvis tillige en Folge af, at i Aarene

1901—1905 er kun en mindre Del af de opstigende Vinterlaks og efter 1905 nwsten ingen af disse blevet
fanget ved Frisenvold Fiskegaard. Den nalurlige Bestand af ynglende Vinterlaks er da sandsynligvis
vokset i den anferte Periode. Men nu vides det ganske vist ikke, om Vinlerlaksen er en anden Race
end Sommerlaksen eller ikke. Er dette Tilfeeldet, maa det antages, at der af Vinterlaksens Ag kun
fremkommer Vinterlaks. [ saa Fald maa Stigningen i Udbyttet alene forklares ved Udsetningen af
kunstig udklekket Yngel. Denne Udsetning omfattede i Femaaret 1906—10 mange flere Individer (saavel
af sped Yngel som af Halvaarsyngel) end i Femaaret 1901—05 (se Tabel 5, S. 17).

Stigningen i Fangsten af de opstigende @rreder i Perioden 1903—1913 forklarer vi paa samme
Maade som for Sommerlaksens Vedkommende: Den er ulvivisomt en Virkning af Udsaltelsen af den
kunsligt udklekkede Yngel. Den forste Udsaettelse fandt Sted i August 1902 med 100.000 Stk. spzed
Yngel. [ Aarene 1905—1915 udsattes aarlig fra 100.000—280.000 Stk. sped Yngel, og i Aarene 1908—1915
fra 8600 til 99.000 Stk. Halvaarsyngel.

1y Jvfr. A. C. Jouansen & J. CHR. LOFTING 1919.




MEDDELELSER FRA KOMMISSIONEN FOR HAVUNDERS@GELSER.

Serie: Fiskeri.

Bd.I,Nr.1 C.G.Jon. PETERSEN: On the larval and post-

5 II,

s II,

larval stages of the Long Rough Dab and the
Genus Pleuronectes. 2 Plates. 1904. 13 p.
Kr. 1.00.

A. C. Jonansen: Contributions to the biology
of the Plaice with special regard to the Danish
Plaice-Fishery I. 12 Plates. 1905. 70 p. Kr. 5.25

Jons. ScamipT: On pelagic post-larval Halibut.
(Hippoglossus vulgaris Flem. and H. hippoglos-
soides Walb.) 1 Plate. 1904. 13 p. Kr. 0.75.

Jons. Scumipr: De atlantiske Torskearters
(Gadus-Slegtens) pelagiske Yngel i de post-
larvale Stadier. Med 3 Tavler og 16 Figurer.
1905. 74 S. Kr. 3.00.

Jons. ScaminT: The pelagic post-larval stages
of the Atlantic Species of Gadus. A Mono-
graph with 3 Plates and 16 Figures in the
| Text. 1905. 77 p. Kr. 3.00.

C. G. Jon. PeTERsEN: Larval Eels. (Leptoce-
phalus brevirostris) of the Atlantic coasts of
Europe. 1905. 5 p.

A. C. Jonansen: Remarks on the life history
of the young post-larval Eel (Anguilla vulgaris
Turt.) 1904. 9 p.

Kr. 0.50.

Aporr Sev. JENSEN: On fish-otoliths in the
bottom-deposits of the Sea. I. Otoliths of the
Gadus-Species deposited in the Polar Deep.
4 Fig. 1905. 14 p. Kr. 0.50.

Jons. ScamipT: On the larval and post-larval
stages of the Torsk (Brosmius brosme [Ascan)).
1 Plate. 1905. 12 p. Kr. 0.75.

C.G. Jon. PETERSEN: On the larval and post-
larval stages of some Pleuronectidee (Pleuro-
nectes, Zeugopterus.) 1 P1. 1906. 10 p. Kr. 0.50.
Jons. ScamipT: The pelagic post-larval stages
of the Atlantic species of Gadus. A mono-
graph. Part II. 1 Pl, 1906. 20 p. Kr. 1.00.
Jons. Scamipr: On the pelagic post-larval
stages of the Lings (Molva molva [Linné] and
Molva byrkelange [Walbaum]|). With 1 Pl
and 3 Figures. 1906. 16 p. Kr. 0.75.

Jons. ScaminT: On the larval and post-larval
development of the Argentines (Argentina silus
[Ascan.] and Argentina sphyrzna [Linné]) with
some Notes on Mallotus villosus (0. F. Miil-
ler. 2 PL 1906. 20 p. Kr. 1.50.

A. C. Jonansen: Contributions to the bioclogy
of the Plaice with special regard to the Danish
Plaice-Fishery. II. The marking and trans-
plantation experiments with Plaice in the
years 1908—06. 9 Pl. and 10 Figures. 1907.
122 p. Kr. 525.

Bd.II,Nr.6
» I, » 7
» 11, » 8
» I1, » 9
» JII, » 1
8 )
» III, » 3
» 11, » 4
» I, » 5
» III, » 6
» IIT, » 7
> III, » 8
» 1V, » 1

Jons. Scamipt: Marking experiments on Plaice
and Cod in Icelandic waters. 2 Charts. 23 p.

Jous. ScamipT: On the post-larval develop-
ment of the Hake (Merluccius vulgaris Flem.)
1 PL, 4 Figures. 1907. 10 p.

Kr. 1.75.

Jous. ScamipT: On the post-larval develop-
ment of some North Atlantic Gadoids (Rani-
ceps raninus [Linné] and Molva elongata
[Risso]). 1 Pl.and 1 Fig. 1907. 14 p. Kr. 0.75.

Joms. ScamipT: On the post-larval stages of
the John Dory (Zeus Faber L.) and some
other Acanthopterygian Fishes. 1 Plate. 1908.
12 p.: Kr. 0.75.

C. G.Jon. PETERSEN: On the larval and post-
larval stages of some Pleuronectide (Zeugop-
terus, Arnoglossus, Solea.) 2 Plates. 1909.
18 p. Kr. 1.25.

J. P.JacosseN and A.C. JoHANSEN: Remarks
on the changes in specific gravity of pelagic
fish eggs and the transportation of same
in Danish waters. 2 Figures. 1908. 24 p.
Kr. 0.75.

Jons. SceMipT: Remarks on the metamor-
phosis and distribution of the larvae of the
Eel (Anguilla vulgaris Turt.) 1 Pl. and 1 Chart.
1909. 17 p. Kr. 1.00.

A. C. Jouansen: Contributions to the biology
of the Plaice with special regard to the Danish
Plaice-Fishery. III. On the variation in fre-
quency of young Plaice in Danish waters in
1902—07. 12 Figures. 1908. 48 p. Kr. 1.50.
A. C. Jonansen: Do. do. do. IV. Is the Plaice
indigenous to the true Baltic? 2 Fig. 1908.
23 p. Kr. 0.75.

Jons. ScamipT: On the occurrence of Lepto-
cephali (Larval Muraenoids) in the Atlantic W.
of Europe. 2 PL.& 1 Chart. 1909. 19 p. Kr.1.50.

Joms. ScamipT: On the distribution of the
fresh-water Eels (Anguilla) throughout the
world. I. Atlantic Ocean and adjacent regions.
A bio-geographical investigation. 1 Chart.
1909. 45 p. Kr. 1.75.

A. C. Jonansen: Bericht iiber die dénischen
Untersuchungen iiber die Schollenfischerei
und den Schollenbestand in der &stlichen
Nordsee, dem Skagerak und dem nérdlichen
Kattegat. Mit 10 Figuren im Text. 1910.
142 S. Kr. 4.50.

A. C. Jonansen: Contributions to the biology
of the Plaice with special regard to the Danish
Plaice-Fishery. V. The supposed migrations
of plaice from the Kattegat and Belt Sea to the
true Baltic. 5 Figures. 1912. 34 p. Kr. 1.25.






Bd.I,Nr.14 J. P. JACOBSEN:

»

11,

11,

I,

11,

11,

11,

11,

Gezeitenstroeme und resul-
tierende Stroeme im Grossen Belt in ver-
schiedenen Tiefen im Monat Juni 1909. Mit
7 Figuren im Text. 1910. 19 S. Kr. 0.75.

» 1 MarTin Knupsen: Danish hydrographical in-
vestigations at the Faroe Islands in the spring
of 1910. 2 Plates. 1911. 17 p. Kr. 1.00.

» 2 J. P.Jacossen: Beitrag zur Hydrographie der
danischen Gewisser. 17 Textfiguren, 14 Tafeln.
1913. 94 S. Kr. 6.50.

» 3 J.P.JacossEn: Strommessungen in der Tiefe
in danischen Gewéissern in den Jahren 1909
—1910 und 1911. Mittlere Werte des Stroms
und Konstanten der Gezeitenbewegung 1913.
43 S. Kr. 1.25,

» 4 J. P. JacosseN: Hydrographical investigations
in Faeroe Waters in 1913. 15 Fig. 1915.
47 p. Kr. 1.50.

» & J. P. Jacossen: Contribution to the Hydro-
graphy of the Atlantic. 7 Fig. 8 diagrams.
1916. 24 p. Kr. 0.75.

» 6 Tu. P. Funper: Hydrographic investigations
from the Danish School Ship »Viking« in
the Southern Atlantic and Pacific in 1913 —14.
1916.- 28 p. - Kr. 100:

» 7 J. P. JacomsEn: Hydrographische Untersuch-
ungen im Randers Fjord (Jylland). 1918,
46 S. Kr. 2.50.

Serie: Plankton.

Bd. I,Nr.1 (Ove PauLsen: Plankton-Investigations in the

waters round Iceland in 1903. 2 Maps. 1904,
41 p.

» 21C. H. OsTENFELD: On two new marine species
of Heliozoa occurring in the Plankton of the

North Sea and the Skager Rak. 1904. 5 p.
Kr. 2.00.

» 3 OveE PaurLsen: On some Peridinez and Plank-
ton-Diatoms. 1905. 7 p. Kr. 0.25.

Bd.I, Nr.4 Ove PAULSEN:

11,

Studies on the biology of
Calanus finmarchicus in the waters round
Iceland. 3 Plates. 1906. 21 p. Kr. 1.75.

» b OveE Paursen: The Peridiniales of the Danish
Waters. 1907. 26 p. Kr. 0.75.

» 6 C. H. OstenrELD: On the immigration of
Biddulphia sinensis Grev. and its occurrence
in the North Sea during 1903—07 and on its
use for the study of the direction and rate
of flow of the currents. 4 Charts and 5 Text-
Figures. 1908. 44 p. Kr. 2.50.

» 7 Ave. BRINkMANN: Vorkommen und \{grhrei-
tung einer Planktonturbellarie Alaurina com-
posita Mecz. in dénischen Gewissern. 12 Fi-
guren und 1 Karte. 1909. 15 S. Kr. 0.50.

» 8 Ove Paursen: Plankton investigations in the
walers round Iceland and in the North Atlantic
in 1904. 9 Figures. 1909. 57 p. Kr. 1.75.

» 9 ANpreEas OTTERsTReM: Beobachtungen iiber
die senkrechten Wanderungen des Mysis-
hestandes in der Ostsee bei Bornholm in den
Sommermonaten 1906 und 1907. 1 Fig. 1910.
1008, K, 0.25

» 10 (C. H. OsTENFELD: A revision of the marine
species of Chztoceras Ehbg. Sect. Simplicia
Ostf. With 24 Figures in the text. 11 p.

» 114J. P. JacoBsEN and OveE PAULSEN: A new

apparatus for measuring the volume of plank-

ton samples by displacement. 6 p. 1912.

Kr. 0.50.

» 12 P, L. Krame: Medusz, Ctenophora and Chztog-
nathi. From the Great Belt and the Kaftegat
in 1909. 1915. 20 p. Kr. 0.75

» 13 Ove Paursen: Plankton and other biological

investigations in the Sea around the Fzroes
in 1913. 6 Fig. 1918. 27 p. Kr. 2.00.

» 1 Gustawa ADLER et P. Jespersen: Variations
saisonniéres chez quelques Copépodes planc-
toniques marins. 21 Fig. 1920. 46 p. Kr. 3.00.

SKRIFTER UDGIVNE AF KOMMISSIONEN FOR HAVUNDERSOGELSER

Nr. 6 Anpreas OrTersTreM: Sildens Afhsengighed af for-

Jons. Scamipt: Fiskeriundersegelser ved Island og
Fareerne 1 Sommeren 1903. 10 Tavler. 1904. VI
+ 148 S. Kr. 5.00. Udsolgt.

MarTiN Knupsen: Havets Naturlere. Hydrografi.
Med swrligt Hensyn til de danske Farvande. 10
Figurer, 4 Tavler. 1905. 41S. Kr. 1.75. Udsolgt.

Jouan Hiort og C. G. JoH. PETERSEN: Kort Over-
sigt over de internationale Fiskeriundersggelsers
Resultater med sarligt Henblik paa norske og danske
Forhold. 10 Tavler. 1905. 54 S. Kr. 3.50.

MarTiN Knupsen, C. G. Jon. PETERSEN, C. F. DRECH-
ser, C. H. OsTeEnFELD: De internationale Hav-
undersegelser 1902—07. 1908. 28 S. Kr. 0.75.

Burarn: Szmunpsson: Ovwersigt over Islands Fiske
med Oplysning om deres Forekomst, vigtigste bio-

logiske Forhold og skonomiske Betydning. 1 Kort.
1909. 140 S. Kr. 2.25.

¥

skellige hydrografiske og meteorologiske Forhold i
Store Beelt. 2 Textfigurer. 1910. 52 S. Kr. 1.00.

A. C. Jonansen: Om Redspztten og Redspaette-
fiskeriet i Beltfarvandet med nogle Bemarkninger
om de evrige Flynderarter og Flynderfiskerier i
samme Farvand. 23 Tavler, 14 Textfigurer. 1912.
158 Sider. Kr. 3.00.

Jons. ScamipT: Danske Undersegelser i Atlanter-
havet og Middelhavet over Ferskvandsaalens Bio-
logi. 3 Tavler, 5 Textfigurer. 1912. 33 Sider.
Kr. 1.50.

A. C.Jouansen og J. CHRr. LogTing: Om Fiskebestan-
den og Fiskeriet i Gudenaaens nedre Leb og Randers
Fjord. — With an English Resumé. 4 Tavler. 42
Textfigurer. 1919. 169 Sider. Kr. 3.75.






