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possible to assert that they have disappeared on account of the regulation. 
Dahl (1926) observed in Tunhövdfjord a diminution of snails. This appa­
rently agrees with my results, but also Dahl’s observations can not be con­
sidered conclusive, as he compares samples from July before the regulation 
with such from August after the regulation.

Among the animals which according to Dahl suffered least in the Tun­
hövdfjord were the pisidiids. In the delta of Sannarån Pisidium sp. was 
rediscovered in a depth of 8 ms. in a number of 182.2 per square metre 
(Table V:II). Before the damming Pisidium occurred only in the Myrio- 
phyllum belt, and there in August (Table II) in a number of 9 individuals 
per 1 kg. of plant substance, or, after recalculation, about 31 individuals 
per sq.m. This would indicate an increase after the damming. Acording to 
verbal information received from Prof. N. Odhner there exist two forms, 
viz. pisidiids of the deep water which reproduce themselves throughout the 
year, and pisidiids of the shallow water which reproduce themselves only in 
the warmest season. According to Odhner (1951) the pisidiids are not 
linked in general to a definite biotope, and are easily spread, e.g. by birds. 
After the damming-up the delta of Sannarån seems, however, most suited 
for the deep-water form among the pisidiids. On the whole we can observe 
that the regulation has favoured the fauna of pisidiids.

The most outstanding characters of the fauna of the delta of Sannarån 
prior to the damming-up were 1) that is was composed of a mixture of 
forms living in running water, and of forms which were more adapted to 
life in lakes, with a strong linkage to the vegetational biotopes. 2) Among 
the most outstanding groups of animals (Figs. 8—10) were noticed Phyllo- 
poda, Ephemer optera, Oligochaeta, Diptera, and Trichoptera. 3) Its standing 
crop varied with the substratum, the bottoms covered with vegetation being 
much richer both quantitatively and qualitatively than the naked bottoms.

When after the damming-up the delta had assumed more lakelike features, 
and was situated at greater depth the most noticeable differences consist in 
1) a decided decrease in the number of types of organisms, 2) a shifting of 
the dominance towards Oligochaeta, Diptera, and Nematoda, and 3) a quan­
titative difference in the standing crop with a decrease upon the formerly 
vegetational bottoms and an increase after the damming-up upon the former 
so-called naked bottoms.

My investigations in the delta of Sannarån have produced results that 
agree with those obtained by Champbell and O’Connel jr. (1953) in the 
Black River- and Clearwater Lake of Missouri. There the damming-up was 
effected in such a way that a dam was built in a part of the Black River for 
the purpose of flood control. There the fauna was considerably richer than 
in the delta of Sannarån, but was much impoverished after the damming 
as far as types of organisms are concerned. Also here the macrophytes dis­
appeared with the rising of the overflow threshold.
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2. Availability of food and the feeding habits of fish in the delta of River 
Sannarån before and after regulation

As far as 1 know no investigations into the food habits of the trout have 
previously been carried out in Sweden in connection with a simultaneous 
examination of the epifauna.

a. Before regulation.
In 1949 the delta of Sannarån was found to be an appreciated dwelling 

place of growing trout most of which belonged to the age groups of 3—4 
years. These had certainly been attracted to the delta by the good hiding 
places and by the accumulation of prey afforded in the vegetational belts. 
They probably fed in the places of their capture. Literature admittedly con­
tains information about periodic distant migrations of the trout (Arvidsson 

1935, Somme 1941, and others), but in connection with the fishing the delta 
was closed in with nets to the greatest possible extent (Chapter III: 4). To 
this can be added the indications of the fish being periodically stationary 
in the delta which can be gathered from the result of the marking experi­
ments, since of 23 fishes which had been liberated in the delta three were 
recovered in the delta in the following year. Neither is it probable that the 
stomach content would agree so well with the fauna of the delta as we shall 
show in the following, if the food were derived from a fauna of different 
composition.

The samples of stomachs which have been examined in the delta of 
Sannarån in 1949 supplied a fairly good picture of the conditions existing in 
the delta. The seasonal variation which in the foregoing has been estab­
lished for the animals serving as food were reproduced also in the samples 
of stomachs. From the Figs. 28—30 can be seen that in June Ephemerop- 
tera. 1. dominate in numbers. They are succeeded by Simulidae i., Chirono- 
midae 1., Plecoptera 1., and Trichoptera 1.

During July Chironomidae 1. dominate in numbers, being followed by 
Ephemeroptera 1., Trichoptera 1., Simulidae i., Gammarus, Trichoptera L, 
and Eurycercas, in this order.

During August Ephemeroptera 1. have risen to the first place, being follow­
ed in order of numbers by Trichoptera i., Chironomidae 1. and i., respectively, 
Eurycercus, Dytiscidae 1. Gammarus, Simulidae i., and Formicidae. Surface 
food seems to be more important in August than in July.

With a point of view of deciding whether or not the variation in the diet 
of the fishes was linked more particularly to variation of the surrounding 
epifauna comparisons were carried out for each group of animals between 
the stomach content (Tab. XI; Figs. 28—30) and the epifauna (Tab. I—III; 
Figs. 8—10). In order to facilitate a general survey of these conditions a 
compilation of the results of these comparisons has been given in Tab. XI, 
where E = epifauna, M = stomach content, and where the sign “+” desig-

14
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nates the month with the highest number in epifauna and the month with the 
highest number in the stomach contents. Comparison are only made within 
a group of animal. June has been excluded from the comparison, the number 
of fishes caught in this month being too small. The synoptical Table XI 
shows that on the whole the fishes seem to consume most of the prey which 
is most richly represented in the epifauna. This is illustrated e.g. by the 
fact that in July (Fig. 11) the oligochaetes are more abundant in number/kg 
of plant substance than in August, and that in August Eurycercus Fig. 13 is 
better represented in the epifauna than in July, and that this variation finds 
its exact conterpart in the diet of the fishes. There exists thus a similarity 
between epifauna and diet of fishes. All animals eaten by the fish could in 
some way be connected with the fauna in the delta of Sannarån. If, for 
instance, the occurrence of Chironomidae 1. in the epifauna was feeble in 
one of the compared months in relation to the other, the hatching time for 
the group of animals was calculated. This could then be corroborated by 
the comparison of the stomach samples which in relation to the larvae con­
tained a greater number of imagines. A great number of terrestrial animals 
corresponds to an abundant supply of such in the delta of Sannarån. It is 
a well known fact that abundance of Geometridae is found in the stomach 
samples in years, when great numbers of these animals drop into the water. 
They can have been carried into the water by a favourable wind, by rain, or 
in any other way, and can thereby have become more easily accessible to 
the fish.

The undigested remains are, however, largest in July, when also a greater 
amount of chitinous food (Coleoptera i.) is consumed than in August.

In spite of the good agreement between the available food and the con­
sumption there exist nevertheless minor divergences indicative of a selection, 
since not all the animals of the fauna were represented in the stomach of the 
fishes. This can be imagined to depend upon the fact that some animals 
were rare, not easily accessible on account of their mode of life, difficult 
to catch on account of the swiftness of movement, too small or too large for 
serving as food, etc.

Gammarus, e.g., occurs in the stomach of the fish more in July than in 
August, in spite of the fact that its frequency in the epifauna shows the 
opposite picture. The gammarids which were represented in the epifauna 
of July were in general adult females, that had recently dropped their young 
from the marsupium, and females that still carried young. The total number 
of Gammarus for July was 23.7 specimens per kg of plant substance, and 
for August 36.3 specimens per kg. As a large number of the gammarids 
caught in July was females that had newly delivered their brood, it seems 
possible that these animals more easily caught, since after the liberation of 
the brood the condition of the females ought to be somewhat enfeebled.
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Table XI.

Myriophyllum

July August

E(t) M (SN) E M

Oligochaeta ................ 148.4 + 9 + 29.1 5
Hirudinea ..................... 25.4 + — 24.8 i +
Eurycercus................... 148.0 49 304.2 + 110 +
Gammarus ................... 16.8 156 + 33.9 + 57
Hydracarina .............. 10.1 + 27 + 6.35 —

Plecoptera 1.................. 6.07 4- 27 + 1.08 4
Ephemeroptera 1. . . 106.3 + 751 + 76.6 391
Neuroptera (Sialidae) 1.0 + 6 + — 5
Trichoptera I................. 20.2 + 606 + 14.6 223
Chironomidae 1........... 120.0 + 1347 + 56.7 167
Dytiscidae 1.................... — 15 2.0 + 70 +
Gastropoda................... 8.2 5 31.5 + 9 +

Large animals are furthermore better visible than smaller ones, unless they 
have a protective colouration in relation to the surroundings.

A comparison of epifauna and sedimentary bottom fauna on the basis of 
the density per square metre according to Chapter IV: 1 is perhaps less suit­
able, the epifauna being more spread in space. It proved, however, the 
epifauna to be richer than the bottom fauna. Also the food of the fish showed 
a dominance of the epifauna compared with the bottom fauna. The feeding 
fish thus does not feed the same length of time in every place, but remains 
longer in the vegetational areas than upon the naked bottoms, attracted prob­
ably by the density of the epifauna according to the foregoing and by the 
suitable hiding places which can be available there. This is corroborated by 
the fishing records, the catch per net being greatest in the vegetational areas. 
The place, where the fish has caught the surface food and their density upon 
the surface of the water, are not known.

Hess and Swartz (1941), Allen (1941, 1942, 1951), and others have dis­
cussed the choice by the fish among the food available in the environment, 
and have calculated an “availability factor” or “forage ratio” expressing 
the relation between fauna and food. The most important result in the delta 
of Sannarân is the good agreement between the surrounding fauna and the 
choice of food of the fish.

b. After regulation.

During the first time after the da mining-up the fish seemed to shun the 
former delta as far as can be judged from the fishing records, (kept in 
manuscript in the Institute for Freshwater Research). In spite of the inten­
sive fishing in the former delta in connection with the bottom sampling 
carried out in 1954 no trout were obtained, only a few chars and burbots.
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In connection with earlier investigations of regulated lakes (Runnstböm 1951, 
1952) the fish was found to move to the newly flooded bottoms, where more 
abundant food was available.

The same result had previously been obtained in the course of examina­
tions of damming enterprises abroad (Dahl 1926, Huitfeldt-Kaas 1935, 
Martin and Campbell 1953, Campbell 1954). On this account it is most 
likely that the absence during the first time of the fish in the delta of 
Sannarån is due to the same reasons. It is also conceivable that the turbidity 
of the water due to erosion, which expressed itself in 1954 by feebler trans­
parency of the water as compared with 1949, could in some measure contri­
bute in driving the fish away from the delta. On this account we possess 
from 1954 no stomach samples from the former delta, but only bottom 
samples.

In 1957, five years after the damming-up, the conditions were different. 
Now the former delta was invaded by char. The trout, however, stayed in 
shallower areas outside the delta. In this year no bottom samples were taken, 
but only stomach samples, preventing direct comparisons with the surround­
ing fauna. Under these circumstances we assume as the best hypothesis 
that the fauna of the delta has changed only little between 1954 and 1957. 
With regard to the submerged fauna on the impounded area such a hypo­
thesis can not be expressed without certain reservations.

In the year 1957 it appears less certain that the fish have caught then- 
food in the places of capture, than it was 1949 but according to the fore­
going a distribution of char and trout in deep and shallow water, respec­
tively, could be observed. It is possible also to demonstrate a certain agree­
ment between the composition of food of the fish and the bottom samples 
of 1954. Table X shows that, volumetrically, the trout consumed mainly 
larvae of ephemerids (mainly Siphlonurus sp.) (26.3 %, then imagines of 
Trichoptera (15.0 %), and equal amounts (5.5 %) of larvae of chironomids 
and oligochaetes. Then follow Coleoptern i., Trichoptera 1., Eurycercus, Si- 
mulidae i., etc. Among the identified animals the larvae of chironomids 
formed the largest number, viz. 466 individuals in a volume of identified 
stomach contents of 11,5 cubic centimetres; they were followed by Epheme- 
roptera 1., Eurycercus, Trichoptera i., Oligochaeta, etc. (see Tab. X).

According to Tab. X the food of the char is composed in the following 
way: Chironomidae 1. 25.8 per cent, Eurycercus 19.4, Ephemeroptera 1. 9.1, 
Oligochaeta 5.8, Chironomidae i. 2.2 per cent, Trichoptera 1. and i., etc. The 
calculation of numbers in identified stomach contents (6,8 cubic centimetres) 
resulted in the following order: Chironomidae 1. 2,424 individuals, Eurycer­
cus 2,403, Ephemeroptera 231, Heterocope 82 individuals, etc.

A comparison between trout and char (Tables X) shows the food of the 
char to agree better with the fauna established in the former delta by the 
bottomsampling in 1954 (Tab. V—X). This agrees also with the fact that
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the char has been caught mainly in the former delta, while the trout was 
caught in the shallower regions outside the delta.

Remarkable is the large percentage, by number as well as by volume, 
of the Ephemeroptera 1. which was not found in the examination of the 
bottom in 1954, but which might very well have existed in the shallower 
regions, where the sampling was not carried out on an equally extensive 
scale.

In 1949 Siphlonurus sp. formed the largest group of the Ephemeroptera 
in the delta. Also in the stomach samples we have mainly to do with this 
genus. It swims very well, and has powerful extremities by means of which 
it can move also upon the bottom (Dahl 1930). It is therefore conceivable 
that just Siphlonurus sp. finds less difficulty in adapting itself according 
to the changes of water-level occasioned by a regulation. There exists, how­
ever, a great difference (Tab. X) between the occurrence expressed in per 
cent of Ephemeroptera 1. in trout (26 %) and char (9 %) respectively. This 
suggests that Ephemeroptera dwell mainly upon the new bottoms outside 
the former delta, since the trout have been caught in water of 1—6 metres’ 
depth.

In July 1949 Trichoptera 1. represented the highest percentage by volume 
in the stomach contents of the fish. In 1957 they form only 2.6 per cent in 
trout, and 1.2 per cent in char. The volume (p + i) expressed as percentage 
is, however, greater in 1957, and it is therefore conceivable that we have 
to do with different species in the two cases, as in 1949 the majority of the 
species of Trichoptera swarmed at the end of August. The Trichoptera 1. 
found in the samples of 1954 (Tab. V, sample III) exhibited a decrease com­
pared with 1949 (Fig. 20). To judge from the differences expressed in per 
cent of the stomach content in trout and char the distribution of Trichop­
tera 1. does not seem to be so very unequal, but there exists a preponderance 
for occurrence in trout stomachs and consequently in shallower water.

In July 1949 Chironomidae 1. and i. formed 1.5 and 0.4 per cent, respecti­
vely of the volume of the food, yet in 1957 the figures were 5.5 and 1.1 per 
cent for trout and 25.8 and 2.2 per cent for char. This illustrates at the same 
time the great difference between trout and char with regard to this group 
of consumed animals.

According to the bottom sampling in 1954 it was just the Chironomidae 
which in the delta exhibited an increase compared with August 1949 (Tab. 
IV and V—-VIII). This is now corroborated also by the examinations of the 
stomach contents from 1957.

With regard to the Oligochaeta the consumption was in 1957 for trout 5.5 
per cent, and for char 5.8 per cent (Tab. X). In accordance with what has 
appeared from the discussion above the bottom samples showed an increase 
of the fauna of the Oligochaeta after the damming-up. This is now corrobo­
rated also by the choice of food of the fish, since the consumption of Oligo-
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chaeta by the trout in the delta of Sannarån amounted in 1949 to 0.3 per­
cent. Lellåk (1957) carried out experiments in south-western Bohemia con­
cerning the grazing of the bottom fauna by carp which was shut up in 
cages in a couple of ponds at different depths. In the course of these experi­
ments he established differences in the degree of grazing with regard to Chi- 
ronomidae and Oiigochaeta, and found that “Die Zugänglichkeit der Boden­
tierwelt für die Fische ist aber von der Art des Substrats und von der Lebens­
weise der einzelnen Zugehörigen der Bodenfauna abhängig”. In the littoral 
zone, where the hard substratum prevented the animals from hiding, they 
were consumed to 50.6 and 56.6 per cent in the two ponds, respectively. In 
soft substratum Lellåk found the percentage to be 41.8 and 47.2 per cent 
for the respective ponds. The larvae of the chironomids were consumed 
more intensely than those of the oligochaetes which live deeper in the mud. 
This is also confirmed by the examinations of the contents of char stomach 
from 1957.

Since Gammarus lacustris could not be found again in the stomach samp­
les from both trout and char, we are forced to suppose according to the fore­
going that this group of animals has been exterminated.

For trout the consumption of Eurycercus appears to be greater in 1957 
(2.6 %>) than in July 1949 (0.1 %). This corroborates an increase for 
Eurycercus in the neighbourhood, if also the contribution of the char (19.4 
%) is included. This would agree with the examinations in 1954 of the fauna 
of the bottom, when according to the foregoing the samples from naked 
bottoms, showed an increase of the stock of Eurycercus. Probably the fish 
find less difficulty in getting hold of Eurycercus 1. after regulation which 
now has no denser vegetation to cling to.

If we compare the years 1949 and 1957 we find the terrestrial food (Tab. 
X) to form in the later year only a very small portion. This circumstance 
can doubtlessly be explained to a certain extent by the fact that as a result 
of the damming-up the distance between the delta and the forest region 
has increased.

The material of the investigation is of too special a nature to permit the 
determination of the effect of the regulation upon the bottom fauna of a 
lake, since the comparison stands between a delta before the i-egulation and 
the former delta which after the regulation is situated on the bottom of the 
lake far from the beach. Certain similarities with the results obtained by 
Huitfeldt-Kaas (1935) in connection with the examinations of Norwegian 
regulations of lakes could nevertheless be observed. In 1928 this author 
carried out investigations into the food of the fish in Tunhövdfjord which 
had earlier been examined by Dahl in 1920 and 1923. On this occasion he 
found that Trichoptera, Ephemeroptera, and Sialidae, the disappearance of 
which after the regulation had been asserted by Dahl, were found in great 
numbers in the stomachs of the fishes five years after the regulation.
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Huitfeldt-Kaas believed this to be due to imperfect investigations by Dahl 
after the regulation, imperfections which Dahl himself had pointed out. For 
the disappearance of the gammarids both Dahl and Huitfeldt-Kaas ar­
rived at the same results. Also in the delta of Sannarån the same result was 
obtained, since gammarids could not be found in the samples of 1954 and 
1957. Trichoptera were found again in the samples from the delta of 1954 
and 1957 showing, in agreement with Huitfeldt-Kaas, that this group had 
not been exterminated. It lies close at hand to find a kind of explanation of 
the better representation of certain groups of animals in the samples of a 
later investigation after the damming-up, e.g. in the assumption that after 
five years a certain equilibrium had been attained. This can depend upon 
that, e.g., the erosion of surrounding loose soils has ceased, that the sedi­
mentation has to a certain extent become stabilized, that the decomposition 
of plant material from the old and the newly drowned bottoms, resulting 
in a decreased consumption of oxygen at the bottom, has come to an end.

One additional point of view can be applied to the conditions in the delta 
in 1957, viz. five years after the damming-up. Investigations in connection 
with the damming of valleys (Wundsch 1949) and the analysis of the growth 
of the fish in regulated lakes (Runnström 1951) have shown that in general 
production increases during the first years after the regulation of a lake, but 
that this is followed by a reverse. Other investigations at the Institute for 
Freshwater Research (Nilsson 1955) into the choice of food of char and 
trout, present together in a lake, have shown that during years with poor 
production of food niches are easily formed on account of the competition 
for food so that the char stays in deeper water, and consumes more plank­
tonic food than the trout which stays in shallower water. If food, suitable 
for both trout and char, is available in abundance no niches are formed for 
the two types of fish (Nilsson 1955). This situation ought to be typical for 
the first years of the damming-up, and in 1957 belonged to the past.

Table X show a reduction in the number of consumed groups of animals 
in the diet of the char in 1957, if we compare it with that of the trout. The 
former has furthermore consumed considerably more planktonic and semi- 
planktonic food than the latter. The char fed mainly on Chironomidae 1. and 
Eurycercus, while the main food of the trout consisted of Ephemeroptera 1. 
and Trichoptera i. According to Nilsson (1955) this should point to the 
existence of a certain competition between trout and char, and this in turn 
should indicate that the food supply is not especially abundant. In the fore­
going also a certain impoverishment in bottom animals of the littoral after 
the regulation has been established.

3. Changes in the growth rate of trout in relation to the regulation

The production of fish food in a lake can be measured also indirectly by 
measuring the growth zones of the scales of the fish, the growth of the
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Table XII. The mean air temperature (centigrade) in Gäddede 1948—-1956.

Months 1948 1949 1950 1951 1952 1953 1954 1955 1956

June .......... 13.7 13.2 12.7 10.1 10.6 18.0 12.9 10.8 12.2
July .......... 18.6 15.2 15.5 12.7 14.5 15.3 16.9 16.5 15.8
August ...... 13.0 13.7 17.9 16.5 12.4 15.5 14.6 16.5 12.5

scales standing in a certain relation to the growth of the fish. It is univer­
sally known that the growth of fish is very susceptible to external influences. 
It varies with the supply of food with the result that years with scarcity of 
food result in poor growth, and vice versa. This relation is, however, modi­
fied by quite a number of factors, e.g. competition both within the species 
and between species (size of year classes), differences with regard to the 
stationariness, migrations, recruitment, etc., in order to mention only some 
of the factors which can produce a direct effect.

Before continuing the discussion we shall examine Fig. 31 in which the 
growth of some trout belonging to different year classes from the delta of 
Sannarån or its neighbourhood before and after the damming-up is marked 
off along the y-axis. Fig. 31 shows the growth to be relatively equivalent for 
the years 1948—1952. A very important factor, however, is the temperature 
which must be taken into consideration in the discussion of growth dia­
grams in connection with the effect of the damming-up. Warm springs and 
summers are known to produce broad annual rings upon the scales (Svärd­
son 1951, Runnström 1957, and others). In 1952 the spring was cold. In 
the area of Gäddede, the area with official meteorological records which 
most closely agrees in the climate with the delta of Sannarån, the mean tem­
perature for June was +10.6°C (Table XII), and the damming-up, which 
was not complete in this year (Fig. 27), was not started until the autumn. 
As at this time the curve for the production of the bottom animals is dropp­
ing, the effect of the damming-up could not be expected to have any greater 
influence upon the growth. In 1953, however, June was very warm. For the 
area of Gäddede the mean temperature was then 18.0°C (Table XII), and 
the damming-up was complete. For these reasons we can count here 
with an accumulated result of the warm early summer and of the effect 
of the damming-up, leading to the marked increase of growth during 1953 
(Fig. 31). In 1954 the growth is still good, but in the area of Gäddede 
the mean temperature for June of this year is 12.9°C (Table XII). For this 
reason the accumulated result of rise of temperature and effect of the dam­
ming-up is not as large as in the preceding year. This is obvious also from 
Fig. 31 which shows a somewhat feebler growth. The growth is nevertheless 
above normal which ought in this case to be attributable to the damming-up. 
After 1955 a further decrease in growth can be noticed, probably indicating
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Table XIII. From Geng 1925.

Wärmewert 
für ein Tier 

cal.
Name

Wärmewert 
pro 1 g. Subst. 

cal.

Macrocorixa .........
Lestes ......................
Dreissensia ...........
Phyca font ...........
Bythinia tentac. . . 
Ephemera vulg. . .
Leptocerus sp..........
Carinogammarus . 
Limnaea ovata
Agrion......................
Sphaerium sp..........
Gammarus pulex .
Asellus aqu..............
Cloëon dipt..............
Chironomus plum. 
Ameisenpuppen . . . 
Chironomus greg. 
Daphnia magna . . 
Daphnia pulex
Weißfische.............
Phryganea grandis 
Paludina vivipara . 
Limnaea stagn. . . .
Limnaea auric.........
Perla cephalotes . .
Regenwurm ...........
Limnophilus rh. . . 
Ameisenpuppen . . .

131.4
115.4 

87,6 
73,8
62.3
46.5
42.6
29.3
26.7
24.8
21.9
20.4 
19,8 
12,7 
12,0 
11,0
3,4
1.3
0,13

4801,5
1024.0
1017.0
1011.0

267.8
261.4
217.8 
175,2

4991,0

Regenwurm ...........
Weißfische.............
Physa font...............
Chironomus plum. 
Carinogammarus . .
Naucoris cim..........
Daphnia pulex .... 
Gammarus pulex . . 
Limnophilus rh. . .
Asellus aqu..............
Daphnia magna . . 
Limnaea stagn. . . .
Limnaea auric.........
Bythinia tent...........
Paludina vivip. . . . 
Limnaea ovata . . . 
Planorbis carinatus
Sphaerium sp..........
Leptocerus sp..........
Dreissensia polym. 
Cloëon dipterum . . 
Phryganea grandis
Lestes ......................
Ephemera vulg. . .
Macrocorixa ...........
Agrion......................
Perla cephalotes . . 
Chironomus gr. ...

4841
4724
4699.

4687
4443
4248
3981
3921
3808
3763
3547
1635
1593
1357
1309.

1307
1300
1296.

838.

640
6039.

5922.

5683,

5438.

5213.

5208.

5165.

5101

that the effect of the damming-up is weakening, and that a certain stabiliza­
tion has started to establish itself.

The growth of the fish usually increases in the first years after a regula­
tion, as we have seen also here. This is due to the ample addition of food 
derived from the overflooded areas. Runnström (1951) has demonstrated 
that in Lake Torrön the char had gained in growth during the first few 
years after the regulation, but that this period was followed by one of 
diminished growth. Frost (1956) who has studied the damming-up of lakes 
in England found in Haweswater an increased growth of thout during the 
first years after the damming-up.

A special aspect of the problem of regulation shall be discussed here. 
When in 1954 samples of the bottom fauna were taken, a decrease in the 
number of species was found in accordance with the foregoing discussion. 
It was, however, also observed that in certain species the number of indivi­
duals had increased. We are now faced with the problem, whether or not 
the calorific value of a certain type of food, which has disappeared, can 
be replaced, e.g. by a larger number of other animals with inferior caloric
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value, and whether or not the growth rate can be maintained in this way. 
Appetite and ability of digesting the food, both dependent on the tempera­
ture, are of course of importance in this connection. In order to obtain a 
certain insight into such problems we have to turn to literature. Miller 
(1936) has examined several species of fish, e.g. trout (Salmo trutta fario) 
in order to find out, whether or not the fat of the consumed animals could 
be transformed without major losses into the specific fat of the fish. This 
was found to be the case. For trout +9°C was found to be the most advan­
tageous temperature for the digestion of the food (Cornelius 1933). Table 
XIII in which the figures for the calorific value of some common animals 
consumed by fish are determined has been taken from Geng (1925). If in 
accordance with Geng Gammarus pulex is chosen as the type for the caloric 
value of the larger crustaceans, Tab. XIII gives on comparison with the 
earth-worm (Oligochaeta) as type of the larger Oligochaeta the calorific 
values of 3,921.0 and 4,841.0, respectively, for 1 gram of substance. This 
shows that the lack of Gammarus can be replaced by a lesser weight of Oli­
gochaeta, since this group of animals possesses a higher calorific value. As 
far as calories are concerned the great upswing of the Oligochaeta can thus 
more than well replace the disappearance of the gammarids. The representa­
tives of the Ephemeroptera have a high caloric value, and if in accordance 
with Geng (1925) Cloëon dipterum is chosen as type of the small Ephemerop­
tera, then Tab. XIII gives 6,039.0 calories for 1 gram of substance, and 12.7 
for one animal. The corresponding values for the group of Chirononms 
plumosus are according to Tab. XIII 4,687.0 and 12.0 calories, respectively. 
The group of Chironomus plumosus, which in 1954 has increased in the 
delta, ought to be able to replace the Ephemeroptera. Taking into considera­
tion that the animals which have increased after he damming-up e.g. Oligo­
chaeta and Chironomidae, have relatively high calorific values, they ought 
of their great numbers after the damming-up to be more than able to make 
good the disappearance of e.g. Ephemeroptera, Gammarus, etc. There exists, 
however, no doubt that the fish have to spend more energy in the catching 
of a larger number of smaller animals, e.g. oligochaetes, than in that of a 
smaller number of larger prey, e.g. Gammarus, provided that both occur 
with the same density.

V. Summary

One of the most extensive regulations of lakes of later times in Sweden 
has been carried out in Lake Borgasjön, belonging to the drainage system 
of Ångermanälven. The amplitude of the regulation was 18 metres.

1. An examination of the fauna in the uppermost one of the deltas in the 
River Sannarån, connecting Borgasjön with the more elevated Lake Sannaren, 
was carried out in 1948 and 1949, prior to the regulation of the lake and,
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later, in 1954 and 1957, when the lake had been under the influence of the 
regulation for two and five years, respectively. The interest was centered on 
the epifauna in the months June, July, and August 1949 before the regula­
tion, but also bottom fauna and fish fauna were studied.

2. Samples of the epifauna were taken from three vegetational regions 
containing Care.t vesicaria, Myriophyllum alterniflorum, and Ranunculus 
peltatus.

3. For the distribution of the animals in the vegetational belts the factor 
of nutrition seemed to play an outstanding rôle. The epifauna was richest 
in the areas with Myriophyllum alterniflorum, where also the representation 
of the epiphytes was most aboundant. Upon Carex vesicaria the epiphytes 
were fewest, and also the epifauna was scantiest there. R. peltatus occupied 
a place intermediate between the two above-mentioned.

4. The distribution of the animals in the different plant biotopes also 
varied with the seasons.

5. Bottoms free from macrophytes proved to contain a much smaller num­
ber of species than those covered with vegetation.

6. In 1954, the third year of regulation, the former vegetational belts in 
the delta had been completely destroyed.

7. A great part of the fauna (Amphipoda Acarina, Plecoptera, Ephemerop- 
tera Neuroptera, Coleoptera, and the majority of the Trichoptera) had com­
pletely disappeared from the delta.

8. A shifting in the dominance as existing in 1949, before regulation, for 
Phyllopoda, Ephemer optera, Oliochaeta, Diptera, and Trichoptera towards 
Oligochaeta, Diptera and Nematoda was observed after regulation.

9. In 1949 the delta of Sannarån was an appreciated dwelling place of 
growing trout most of which belonged to the age group of 3—4 years. It is 
suggested that in the vegetational belts the delta offered good hiding places 
and a good accumulation of prey.

10. The samples of stomachs, examined in 1949, supplied a fairly good 
picture of the conditions existing in the delta. The seasonal variation which 
in the foregoing had been established for the animals serving as food were 
reproduced also in the samples of stomachs.

11. During the first time after the regulation the fish seemed to shun the 
former delta, and no fish were obtained in 1954.

12. In 1957, five years after regulation, the former delta was invaded by 
char. Trout, however, stayed in shallower areas outside the delta.

13. The examination in 1957 of stomach samples from trout and char 
showed that the char consumed more planktonic food than the trout, the 
former feeding mainly on Chironomidae 1. and Eurycercus. The main food 
of the trout consisted of Ephemeroptera 1. and Trichoptera i. The competi­
tion for food between trout and char is suggested to indicate that the food
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supply is not especially abundant. Bottom samples 1954 also showed a 
certain impoverishment in bottom animals after regulation.

14. Also the growth of the trout was examined by measuring the growth 
zones of the scales of the fish belonging to different year classes from the 
delta of Sannarån or its neighbourhood before and after regulation. The 
increased growth of the fish observed during the first years after the dam- 
ming-up was suggested to be due mainly to the ample addition of food 
derived from flooded areas. After 1955 a decrease in the growth could be 
noticed, probably indication that the effect of damming-up was weakening, 
and that a certain stabilisation had began to establish itself.
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