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In Memoriam

SVEN RUNNSTRÖM

4.4.1896—25.12.1964.

In the earlier part of his career Dr. Sven Runnström spent almost two 
decades as a marine biologist in Norway, where he made outstanding con­
tributions to research on the influence of temperature on marine animals, 
e.g. the herring. In 1937 he joined the staff of the Institute of Freshwater 
Research.
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He specialized on the consequences of the hydroelectric industry, especially 
the fish-population changes in lake reservoirs. His research and his sub­
missions to the Water Courts provided a basis for a sound management of 
these new ecosystems.

He became the director of the Institute in 1948 and retired in 1963.
Sven Runnström’s encouragement and friendship will be greatly missed 

by his staff members as well as by the numerous friends in all parts of 
the world who have acclaimed his important contributions to aquatic biology.
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1. Introduction

The literature on artificial water-level fluctuations and bottom fauna con­
tains information indicating that the short-term effect of lake regulation 
differs from the long-term effect with regard to the reaction of the organisms 
and the composition of the fauna as a whole.

The flourishing of benthic crustaceans immediately after an impoundment, 
established for the first time by Dahl (1926) in Norwegian lakes, has in 
later times been confirmed in connection with different kinds of disturbance 
in the water-level fluctuation of lakes (cf. Grimås 1962).

For other bottom organisms the available information is less definite.
For Lake Minnewanka Guerrier (1954) reports a decrease in the abun­

dance of bottom animals, a decrease which was most pronounced immediately 
after the interference with the lake.

In the subarctic Lake Ransaren, northern Sweden, Nilsson (1964) ob­
served a similar sharp decrease in the abundance of the bottom animals, 
immediately after the interference, followed by a certain reconstruction 
within the fauna. After the first year of the regulation the density of indi­
viduals in the upper littoral dropped from 15,073 to 132 ind. per sq. metre, 
i.e. by more than 99 per cent (Nilsson, private communication).

In connection with an increased lowering of the water level during winter 
Hynes (1961) reports from a mesotrophic lake in England a rapid reduction 
of many littoral animals. These losses seem to be counterbalanced by an 
increased abundance of oligochaetes. The indications of a re-established in-



6 ULF GRIMÅS

sect fauna in the lake after some years were supposed to be due to periods 
of less extreme fluctuations in level.

The diverging results of investigations in Norwegian regulated lakes (Dahl 
1926, 1931, Huitfeldt-Kaas 1935) might possibly be explained by the nega­
tive short-term effect upon the aquatic insect larvae, that as a matter of 
fact was observed by Dahl (cf. Grimås 1964).

This paper presents some results of investigations in Lake Kultsjön in 
northern Sweden, carried out immediately before and after an artificially 
induced fluctuation of the water level in the lake. Part of the material for 
analysis has been most obligingly supplied by Dr. N.-A. Nilsson of the 
Institute of Freshwater Research, Drottningholm.

2. Description of the lake

Lake Kultsjön is situated in southern Lapland at an altitude of 540 metres 
above sea-level. Its length is about 30 kilometres, the greatest breadth being 
about 3 kilometres.

Lindgren (1963), in his description of the lake, reports the maximum tem­
perature of the surface water in 1958 as 12.7°C, and a thermal stratification 
in the lake lasting from the middle of July to the middle of September. The 
chemical properties of the water from the western basin of the lake during 
1957—1958 confirm the oligotrophic character of the lake. The specific con­
ductivity (H20 ’ 106) varies between 24 and 45, the alkalinity (pequiv/l) be­
tween 150 and 350, calcium + magnesium (innol/l) between 94 and 202, and 
the pH between 6.5 and 7.4. The values for free phosphate and nitrate (pg/1) 
vary between 0.0 and 1.6 and 0 and 51, respectively.

Since the winter of 1958—59 the lake has served as a water storage basin. 
The annual amplitude of the water level amounts to 5 vertical metres. This 
means that the summer water level is about 1 metre above what is normal 
in the lake. The draw-down phase occurs during winter and early spring 
(Fig. 1). The area of the regulated zone amounts to 18 sq. km, representing 
c. 30 per cent of the total area of the lake at the new highwater level.

An increased annual amplitude of the water level brings about an intensi­
fied redeposition of loose sediments derived from the area of regulation. 
This finds its expression in, amongst other things, a decreased transparency 
of the water. Fig. 2 shows that the transparency in Lake Kultsjön varied 
between 5.8 and 10.0 m during the years 1959 and 1960. The course of the 
curve appears typical for a regulated lake immediately after an interference 
(cf. Grimås 1962). Instead of a high transparency after the breaking-up of 
the ice, as has been reported from neighbouring oligotrophic lakes (Määr,
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537

in manuscript, Brundin 1949, Grimås 1961), the impounded lake exhibits a 
minimum in spring, followed by increasing transparency in the course of 
the summer.

The pattern of the curves for Lake Kultsjön during 1957—58 suggests the 
possibility that the water of the lake is influenced by turbidity resulting 
from human activities upstream of the lake even before its regulation. This 
influence during 1957—58 can also be recognized in Fig. 1. The difference 
between the actually observed and the calculated natural variations of the 
water level is due to the amount of water discharged from the impounded 
Lake Ransaren upstream, resulting, among other things, in a greater than 
normal supply of water to Lake Kultsjön in winter and a diminished annual 
amplitude.
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3. Methods and Material

The quantitative material was collected by means of a bottom sampler, 
type Ekman-Birge, covering an area of 225 sq. centimetres. The sifting was 
carried out through 0.6 millimetre mesh. The preserved material was weighed 
to a limit of ±0.1 milligramme.

The depth zones have been calculated with reference to an approximate 
summer water level prior to the regulation (541 metres above see level).

Both in June 1958 and 1960 sampling was carried out at the same station, 
viz. “Prestnäset” in the western basin of the lake. Material for comparison 
is available also from the eastern part of the lake, “Saxnäs”, where it was 
collected in January 1958. The material comprises about 4,000 animals, 
derived from 62 quantitative samplings of the bottom. Additional samples 
of the bottom were taken at “Prestnäset” in 1959 during the month of April, 
when the water level is at the draw-down limit and the bottoms of the reg­
ulated area are exposed and frozen.

The material does not cover the season for the maximum development 
of small crustaceans, e.g. benthic cladoceres, which can be reckoned to take 
place in August. The normal positive short-term effect upon these animals 
therefore finds no expression in the results, and does not influence the rela­
tive share of the other organisms in the fauna.

The material has been divided into four main groups. The first group, 
“fish food”, comprises those elements of the fauna that are known to be of 
great importance as fish food in the lake (cf. Nilsson 1955, 1963), viz. Gam-
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marus, larvae of Ephemeroptera, Triclioptera, Plecoptera, Coleoptern and 
Gastropoda. Chironomidae and Oligochaeta form two main groups of their 
own, while other animals are lumped together as a fourth group under 
the designation “remainder”.

4. Results

Quantity. Table 1 gives the medium values of biomass and abundance of 
bottom animals in the various depth zones before and after the regulation.

The severest losses occur in the areas which have been rendered dry 
during the winter (zone 0—5 metres). There the loss in weight and number 
of bottom animals can be estimated at 89 and 86 per cent, respectively (cf. 
Fig. 3).

Table 1. Lake Kultsjön. The biomass and abundance of bottom animals in 
the littoral during the month of June before and after the impoundment.

Depth zone
Weight, g/sq. m Number, indiv./sq. m

1958 1960 decrease 
(per cent) 1958 1960 decrease 

(per cent)

0—1 ................................... 8.50 2,746
1—2 ................................... 14.90 0.76 95 5,166 388 93
2—4 ................................... 7.40 1.47 80 3,661 696 81
5—7 .................................. 2.11 1.20 43 2,059 634 69
8—10 ................................. 1.64 1.16 25 1,303 678 50
0—5 ................................... 10.27 1.11 89 3,857 543 86
5—10 ................................. 1.88 1.18 37 1,682 657 61
0—10 ................................. 6.07 1.14 81 2,770 600 78

-Depi/b J/eipht Abundance

Fig. 3. Lake Kultsjön. e 
The bathymetrical distri­
bution of the bottom 
fauna before and after s 
the impoundment.

1953

1360

10

Z grasn/nej j jçm 1000 ind jjgrn.
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Table 2. Lake Kultsjön. The biomass and abundance of bottom animals 
during January and June, 1958.

“Fish food” Chironomids Oligochaetes Remainder Total

Weight, g/sq. m

January, 1958 .... 0.77 1.92 1.07 0.56 4.32
June, 1958 ............... 1.35 2.59 1.70 0.43 6.07

Number, ind./sq. m

January, 1958 .... 151 2,876 539 402 3,968
June, 1958 ............... 135 1,793 567 275 2,770

Great changes have taken place also within other portions of the littoral, 
i.e. below the drainage limit. In spite of the fact that these bottoms are not 
directly influenced by the draining, 60 per cent of their animals disappear, 
and the average weight per sq. metre drops by almost 40 per cent.

The entire littoral can thus be characterized as uniformly poor in indivi­
duals, and without any divergent depth zones with greater abundances 
(Fig. 3). In this respect Lake Kultsjön of 1960 differs not only from natural 
lakes but also from lakes which have been for a long time under the influ­
ence of regulation.

The results obtained in January 1958 from the opposite end of the lake 
exhibit minor deviations from the figures given for June 1958 (Table 2). 
The medium values for the entire littoral indicate a small number of indivi­
duals but a greater medium weight of bottom animals per sq. metre during 
June. This can be due to differences in environment and fauna between the 
two regions in the lake, but can also be interpreted as the combined effect 
of predation and individual growth during the spring months. The larvae 
of insects, especially, show a reduced abundance, but an increase in weight 
in the material from the winter to the spring.

Quality. The situation before the regulation is evident from Tables 3, 4 
and 5. Fig. 4 shows also the composition of the fauna in the eastern end 
of the lake in January 1958.

The results obtained in 1958 at the two stations in the lake agree on the 
whole with regard to the balance between the four chosen main groups 
within the fauna. There is a high relative abundance of the chironomids, 
which for the entire littoral can be estimated at more than 65 per cent. This 
great wealth of individuals can be connected with the season, and is prob­
ably typical for natural lakes within the area. A large proportion of the mate­
rial from June are pupae and the emergence does not seem to have begun 
in the littoral. In comparable sub-arctic lakes in the Swedish high mountains 
most of the chironomids leave the bottom in the course of July and August
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Table 3. Lake Kultsjön. The relative abundance of bottom animals in the 
depth zone 1—10 metres before and after the impoundment.

1958
°/o

1960
°/o

Chironomidae.................... 65.6 16.9
Large insect larvae......... 2.0 0.4
Gammarus lacastris......... 2.8 —

Gastropoda ........................ 0.7 —

Nematoda .......................... 1.3 —

Hirudinaea ........................ 1.0 —

Copepoda ............................ 0.1 —
Oligochaeta........................ 21.9 66.2
Pisidae................................ 4.2 11.7
Hydracarina ..................... 0.1 2.6
Diptera [excl. Chir.] .... 0.3 2.2

relative iveiyht percent relative abundance

Fig. 4. Lake Kultsjön. 
The qualitative compo­
sition of the bottom 
fauna before and after 
the impoundment.

60

‘—I SO

"Zieh food' chironm.diyach. remaind

Ml January HU June

'fishfood ddrtrxm otigoch re maind

(Thienemann 1942, Brundin 1949), and the emergence in the early spring 
seems to be restricted mainly to the region of the profundal (cf. Grimås 1961). 
A great abundance of larvae in June has likewise been found in the neigh­
bouring, unregulated Lake Ankarvattnet (Grimås 1961).

The dominance of the chironomids is less pronounced as regards the 
weight. In the upper littoral the substantial “fish food” organisms play a 
considerable rôle, and towards the deeper littoral oligochaetes take over the 
dominant position. Most important among the other organisms are the pisi- 
dians, the absolute and relative abundance of which decreases within the 
middle parts of the littoral, with their rich vegetation.

Since the regulation, in 1960, the balance between the four main groups 
of the bottom fauna has changed. Now the littoral fauna of Lake Kultsjön
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Table 4. Lake Kultsjön. The biomass of the four main groups of bottom ani­
mals before and after the impoundment. In grammes per sq. metre.

Depth “Fish food” Chironomids Oligochaetes Remainder
zone 1958 1960 1958 1960 1958 1960 1958 1960

0--1 .......... 2.53 - — 4.72 — 0.62 — 0.63 __
1—2 .......... 3.24 0.08 5.90 0.05 4.99 0.59 0.77 0.04
2—4 .......... 2.07 — 3.35 0.02 1.85 1.43 0.13 0.02
5—7 .......... 0.18 — 0.85 0.11 0.94 1.05 0.14 0.04
8--10 .... — — 0.22 0.11 0.88 0.49 0.54 0.56
0—5 .......... 2.61 0.03 4.66 0.04 2.49 1.01 0.51 0.03
5—10 ___ 0.09 — 0.54 0.11 0.91 0.77 0.34 0.30
0—10 ___ 1.35 0.02 2.59 0.07 1.70 0.89 0.43 0.16

Table 5. Lake Kultsjön. The abundance of the four main groups of bottom 
animals before and after the impoundment. Individuals per sq. metre.

Depth “Fish food” Chironomids Oligochaetes Remainder
zone 1958 1960 1958 1960 1958 1960 1958 1960

0-A ... 88 1,945 — 229 — 484 —

1--2 ... 431 9 3,670 62 942 264 123 53
2--4 ... 238 2,675 53 722 625 26 18
5--7 ... 35 1,276 150 572 466 176 18
8--10 . . — 370 141 431 229 502 308
0 -5 . .. 252 4 2,763 58 631 445 211 36
5—-10 . . 18 823 146 502 348 339 163
0--10 . . 135 2 1,793 102 567 397 275 99

can be characterized as a pronounced oligochaet fauna (Table 3, Fig.
In practically all depth zones all groups of animals have decreased both 

in abundance and weight. The typical “fish food” organisms are almost 
completely eliminated from the entire littoral. Of the chironomid fauna only 
a small remainder is left below the draw-down limit. The oligochaets are 
comparatively little influenced (Table 6) and therefore occupy a dominant 
position. Of the other organisms, hydracarines, some tipulids, empidids and, 
in the deepest parts of the littoral, pisidians are left.

The organisms which before the regulation were most important as fish 
food are Gammarus lacustris Sars with a maximum abundance in the depth 
zone 1—2 metres in June, the gastropods Gyraulus acronicus Fer. and 
Lymncea peregra Müll., and the ephemerid Chitonophora mucronata 
Bengts. The material of 1958 contains 11 additional species of large insects, 
viz. the ephemerids Siphlomirus lacustris Etn. and Centroptilum luteolum 
Müll., the trichopters Phryganea obsoleta McLachl., Phr. grandis L., Agray- 
lea cognatella McLachl., Mystacides azurea L., Limnophilus sp., Molanna sp., 
and Halesus sp., the plecopter Nemoura sp., and the coleopter Haliplus fulvus 
Farr. In June 1958 all these fish-food organisms with the exception of
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Table 6. Lake Kultsjön. The percentage decrease of littoral animals as a 
short-term effect of impoundment.

Depth zone, 
metres “Fish food” Chironomids Oligochaetes Remainder Tota

Percentage decrease in weight
0—5 ............. 99 99 59 94 89
5—10........... 100 79 15 13 37
0—10........... 99 97 48 62 81

Percentage decrease in number
0—5 ............. 98 98 30 83 86
5—10........... 100 82 31 52 61
0—10........... 99 94 30 64 78

Table 7. Lake Kultsjön. The abundance of chironomid larvae in the littoral 
before and after the impoundment.

Depth zone Tanypodinae Orthocladiinae Chironomini Tanytarsini Total

1958, June
0—5 ........... 569 393 1,317 484 2,763
5—10 ......... 352 370 44 57 823
0—10 (per cent) 24 19 41 16 —

1960, June
0—5 ........... 13 5 31 9 58
5—10 ......... 9 102 22 13 146
0—10 (per cent) 11 53 25 11 —

Phryganea obsoleta are limited to the upper half of the littoral. In the mate­
rial collected in January of the same year their distribution seems to extend 
towards deeper regions. An example is Gammarus lacustris, which then 
occurred in the entire littoral from 0 to 10 metres with a maximum abun­
dance in the zone 5—7 metres.

Of these fish-food organisms only Haliplus fulvus has been encountered 
in the littoral of the lake after the regulation.

The composition of the chironomid fauna of the littoral is altered by the 
regulation (Table 7).

Among the material of June 1958 40 per cent belong to the main group 
Chironomini. As in many sub-arctic and arctic lakes Stichtochironomus 
rosenschöldi Edw. (cf. Lenz 1928, Brundin 1949) is abundant in the upper 
and middle littoral. Among other we can mention Chironomus anthracinus 
Zett., Polypedilum, and Cryptochironomus. Tanytarsini as well as Chiro­
nomini are represented by the greatest number of individuals in the upper 
littoral, most of them belonging to the genera Tany tarsus and Paratanytarsus.
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Table 8. Lake Kultsjön. The biomass and abundance of bottom animals 
during the draw-down period [April 1959].

“Fish food” Chironomids Oligochaetes Remainder Total

Frozen in bottom (0—2 m)

weight g/m2 . 0.03 0.74 2.64 2.47 5.88
number ind./'m2 75 2,488 791 845 4,199

Below draw-down limit (5—7 m

weight............ 0.27 3.16 1.62 0.38 5.43
number ......... 205 3,681 1.188 440 5,514

Orthocladiinae and Tanypodinae are uniformly distributed throughout the 
entire littoral.

From the period since the regulation only a small material is available. 
If the littoral is taken as a unit, however, it seems as if the relative share 
of the Orthocladiinae had increased as a short-term effect while the regula­
tion first of all causes a reduction of the forms living in the upper littoral.

Like the Oligochcieta some other groups of animals exhibit an increased 
abundance after the regulation.

The Pisidae, which in January and June, 1958 formed 5 per cent of the 
fauna, account after the regulation for 12 per cent. This increase can be 
attributed to their occurrence in the deeper parts of the littoral.

A minor increase can be noted also for Hydracarina and larvae of Empi- 
didae and Tipulidae, viz. from < 1 per cent to 3 and 2 per cent, respectively.

Among the animals within the main group “remainder” that have not 
been rediscovered since the regulation we can mention the hirudinean Helob- 
della stagnalis L.

The winter situation. In April 1959 samples of the bottom fauna were 
taken both within the depth zone of 0—2 metres and immediately below 
the draw-down limit (Table 8).

In the frozen bottoms three vertical layers can be distinguished, viz. lake 
ice containing frozen water plants, the frozen surface layer of the sediments, 
and non-frozen soft bottom sediments.

A comparison between these three zones reveals a vertical zoning of the 
animal groups. In the vegetation layer insects, especially chironomids, are 
strongly dominant, but during summer the fauna is probably richer in peri- 
phytic forms, e.g. minor crustaceans. The uppermost frozen surface layer of 
the sediment contains the greatest number of forms, insects and pisids being 
the most important. The fauna of the deeper sediments is dominated by 
oligochaetes.

The greatest number of dead animals, viz. 33 per cent, was encountered 
in the frozen aquatic vegetation (Grimås 1961). In the sediments the mor-
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tality can be calculated at 11—14 per cent. The results indicate further a 
difference in the percentage of mortality between the different groups of 
animals, e.g. 100 per cent for “fish food” organisms, 40 for hirudineans, 
25 for chironomids, 5 for pisidians, and 0 per cent for oligochaetes.

The total density of individuals in the frozen bottoms of the depth zone 
0—5 metres has been estimated at 4,200 ind./sq. m. In comparison with 
the figures obtained for June 1958 this value appears normal for the depth 
zone. The balance between the different animal groups exhibits no essential 
changes. Of the total number of animals the larvae of chironomids account 
for 60 per cent, while the oligochaetes form 19 per cent.

The weight of the fauna exhibits greater deviations from the values for 
the year 1958. The calculated total weight is about 6 grannnes/sq. m, against 
about 12 grammes for 1958. This low value is partly due to the fact that 
the larvae of many insects are in an early phase of development, and that 
the dead organisms weigh much less than the living ones. Also an emigra­
tion of larger, more mobile animals might contribute to the result.

Immediately below the draw-down limit (calculated depth zone 6 metres) 
both the number of individuals and the biomasse have increased for all 
groups of animals in the fauna. Of the total number of animals the chirono­
mids account for 67 per cent, the oligochaetes for 22 per cent. The balance 
within the Chironomidae appears to be unchanged, Orthocladiinae and 
Tanypodinae being the most important elements; this seems normal, having 
regard to the depth.

5. Discussion

The bottom fauna of Lake Kultsjön existing immediately after the regula­
tion differs in several respects from that of older regulated lakes with a 
similar annual amplitude of the water level.

From the quantitative point of view conditions in older regulated lakes 
immediately below the draw-down limit agree with those in the natural lake. 
Above the draw-down limit, the bathymetric distribution of the animals is 
inverted compared with normal conditions and towards greater depths the 
differences increase again (Grimâs 1961). Immediately after the interference 
the littoral of Lake Kultsjön had no depth zone with a superior density of 
individuals, and the sharp decrease in abundance likewise comprises littoral 
areas that are not under the direct influence of the regulation. The com­
parison with the older regulated lakes might therefore suggest that the great 
quantitative losses express a short-term effect of the regulation, and that 
a regeneration of the bottom fauna might be expected occur first of all in 
regions below the drainage area.
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Also the qualitative composition of the bottom fauna seems to be under 
the influence of a pronounced short-term effect. On account of the season 
for the investigation no flourishing of benthic cladocers could be definitely 
established, but it can be traced in a changed food choice of the fish fauna 
of the lake (Nilsson, private communication). The changes in the balance 
between the other organisms of the bottom fauna differ from those known 
from older regulated lakes. An increasing age of regulation normally seems 
to bring about an increased relative abundance of the chironomids, as has 
been noticed in many lakes (Cuerrier 1954, Rawson 1958, Miller and 
Paetz 1959, Grimâs 1961, 1964, Aass 1963). The littoral fauna of Lake 
Kultsjön in spring, which originally could be characterized as a chironomid 
fauna, has, however, been changed by the regulation into an oligochaete 
fauna.

In some instances the aspects of the bottom fauna in Lake Kultsjön agree 
with the conditions in older regulated lakes. After the short period of regula­
tion many major insects, crustaceans, and gastropods are entirely missing, 
while on the other hand organisms like pisidians, hydracarines, empidids, 
and tipulids show a tendency towards taking a greater relative share in the 
total fauna.

The explanation of the characteristic course of development immediately 
after an interference has to be sought in passing disturbances of the environ­
ment. A later phase brings about a stabilization of the environment and a 
new settlement of species that fit the new conditions in the lake.

Simultaneously with a reduction of the bottom vegetation a slow improv- 
erishment in organogenic material starts, especially in the sediments of the 
littoral. Thus during the first year of impoundment there is a relatively 
good supply of food for organisms feeding on detritus, e.g. oligochaetes, 
while the supply of living vegetable matter is considerably reduced (cf. 
Quennerstedt 1958). This has an immediate effect upon such herbivores 
as are dependent upon fresh vegetable substances. An equally fast and direct 
selective effect upon the fauna may be exerted by the drying-up and the 
refrigeration during the first winter. These extreme conditions are, however, 
annually recurrent and do not explain the typical shock-like, short-term effect 
upon the total fauna in the entire littoral.

The results from Lake Kultsjön suggest that the immediately induced 
structural changes in the environment constitute an important factor within 
the short-term effect. As an example can be mentioned the unstable condi­
tions in the sediments of the bottoms, resulting from an increased erosion 
within the zone of regulation. With the gradual removal of loose sediments 
from this zone conditions become stabilized. For this reason the passing 
effect of the regulation becomes most pronounced within the depths which 
are not every year directly affected by the lowering of the water, but which
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during the process of redeposition have received the eroded material. To 
judge from the situation in older regulated lakes it is in these regions below 
the draw-down limit that we can expect the quantitatively most important 
regeneration of the fauna.

Also the changes in the qualitative composition of the littoral fauna indi­
cates the importance of the unstable environment. The varying degree of re­
duction can be interpreted as due to the varying dependence of the animals 
upon the contact layers between bottom and water. In this respect the verti­
cal distribution in the sediments may be indicative of this dependence. In the 
course of the lowering of the water level of Lake Kultsjön in the first winter 
(April 1959) this vertical zoning of the fauna in the frozen bottom was 
observed.

By means of the changes in spring of the littoral fauna of Lake Kultsjön 
from an insect fauna to an oligochaete fauna it seems possible to make a 
correlation between the degree of reduction and the position or exposure of 
the animals in the littoral bottoms. The most profound and the fastest struc­
tural changes in the environment affect the layer of the vegetation and the 
surface of the sediment, the fauna of which exhibits the highest degree of 
reduction. This applies both within the zone of regulation and in other parts 
of the littoral. The only exception is provided by the limiting region towards 
the profundal of Lake Kultsjön, where the occurrence of pisidians indicates 
a restricted effect of the interference.

The initial effect of the regulation upon the fish food organisms is of 
especial interest. Of the 12 insects of fair size, two species of gastropods and 
one amphipod, which had been noted before the regulation, only 1 insect 
species was found again after the interference. The results indicate that in 
relation to other animal groups these organisms are the most severely 
affected. On account of their size and mobility, their exposed life upon the 
sediments or in the vegetation, and their normal limitation to the upper half 
of the littoral, they are probably particularly sensitive to the disturbances 
caused in the bottoms during the first years of regulation. The availability 
and the degree of utilization of these animals as fish food can be taken as 
an expression of this exposed position in the bottoms. In older regulated 
lakes with more stabilized conditions some major species of insects occupy 
areas of the bottom with fairly good supply of organogenic material within 
the drainage area also (Grimas 1961, 1962, 1964).

The minor benthic crustaceans, especially the cladocers, react upon the 
short-term effect of the regulation in a way that differs from that of other 
bottom animals as they exhibit an actual increase in abundance. This may 
be due in part to a nectonic way of life in zones near the bottom surface, a 
circumstance which makes them less dependent upon a stable surface of
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sediment than are other bottom animals. The fact that they hibernate during 
the draining of the winter may also be of importance. The positive effect of 
unusually long periods of low temperatures upon the development of clado- 
ceran populations has been estimated (Dahl 1931, Elgmork 1964). An in­
creased availability of food is, however, an important condition for the 
flourishing. The above-outlined sequence during the first year of impound­
ment comprises an increased flow of energy through certain channels in 
the ecosystem of the lake. In the neighbouring Lake Ransaren Rodhe (1964) 
established an increased production of planktonic algae as a short-term 
effect, and Axelsson (1961) found a parallel increase in the standing crop 
of planktonic crustaceans in the lake. In a similar way in the benthos the 
increased exposition of sediment probably implies an increased availability 
of a special type of food in layers near the bottom, the increased supply 
consisting either directly of particles of detritus from the sediment or in­
directly of an increased bacterial flora. Under normal, unregulated condi­
tions this type of food forms an important source of nutrition for herbivo­
rous planktonic crustaceans (Nauwerck 1963) and can be assumed also 
to be important for the development of the cladocer fauna in layers near the 
bottom.

One of the possibilities for the survival of littoral animals in a regulated 
lake is a migration towards deeper portions of the lake during the low water 
of winter.

The phenomenon of migration activities of bottom-living animals has been 
recorded by several authors (Pauly 1918, Lang 1931, Berg 1938, Mundie 
1959). The relation between the environmental conditions and the migration 
is not, however, fully understood. A change within the environment, for 
instance a falling temperature, might cause an undirected, but increased 
activity of certain bottom organisms (supported by preliminary experiments 
in aquaria) and this in turn might facilitate a passive transport towards new 
areas of the bottom. Such a semi-passive drifting migration of Chironomus- 
larvae has been suggested by Barthelmes (1963).

The results of the investigations in Lake Kultsjön during the draw-down 
phase do not indicate the occurrence of an extensive emigration or passive 
removal of the fauna of the regulation zone. The density of individuals in 
the frozen bottoms is high, and many species have not left their ordinary 
habitat in the bottoms (cf. Grimås 1961). The greatest divergence is sug­
gested within the main group of “fish food” organisms. Only gastropods 
and larvae of ephemerids have been encountered in the frozen bottoms. It 
is thus possible that in connection with the drop of temperature in autumn 
more mobile animals, e.g. Gammarus, have migrated towards deeper parts 
of the littoral. Such a shifting of the population of Gammarus was indicated 
as a normal phenomenon in the lake during winter.
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In spite of a high abundance in the regulated zone in winter, an enrich­
ment of all groups of animals takes place in the region immediately below 
the draw-down limit, where in April 1959 the concentration of bottom ani­
mals was almost three times as great as in June 1958. This enrichment 
was accompanied by a minute change in the balance between the different 
groups of animals within the depth zone, to the advantage of chironomids 
and fish-food organisms. This tendency towards a correlation between the 
activity and migration rate of the animals does not contradict the theory 
of a semi-passive drifting migration for the greater part of the fauna. The 
rapid drop of the water level and the relatively high temperature in the 
sediments immediately before the drying-up probably contribute to a re­
stricted active migration in the regulated lake (cf. Grimas 1961), and the 
enrichment below the drainage area can be considered as the result of a 
limited thinning-out of the fauna from a few metres above the draw-down 
limit. For the majority of the bottom organisms that live in the sediment, 
the passive removal in connection with the redeposition of the sediments 
during a period without ice ought to be of greater importance.

In other respects the configuration of the bottom fauna is influenced by 
the phenomenon of migration, induced by impoundment. It can be assumed 
that the greater part of the fish fauna in the lake evacuates the regulated area 
during the draw-down of the water. During that period about 30 per cent 
of the lake bottom is laid dry; this means a great reduction of the feeding 
ground for the fishes, without any appreciable change in the size of the 
fish populations.

Studies of the nutritive behaviour of fishes during winter show a conti­
nuous feeding in spite of low temperatures (cf. Ziemiankowski and Cristea 

1961). The feeding activity of the fishes in Kultsjön, mainly brown trout 
(Salmo trutta L.), char (Salvelinus alpinus L.), and burbot (Lota lota L.) 
during winter is not known. It seems possible, however, that the increased 
concentration of individuals during the draw-down period might increase 
their activity as a whole. At all events their feeding activity ought to increase 
during the spring (April and May), when the water level still remains at 
the draw-down limit.

A high concentration of predators might thus contribute to the reduction 
of bottom animals even below the draw-down limit and to the absence of 
depth zones with high abundance, when the lake is refilled in spring. The 
fish predation might also contribute to the fast elimination of such “fish 
food” organisms in the lake as can be assumed to migrate to deeper littoral 
regions during the draw-down period.



20 ULF GRIMAS

6. Summary

1. The short-term effect of impoundment upon the littoral fauna has been 
studied in the subarctic, oligotrophic Lake Kultsjön, northern Sweden.

2. The composition of the bottom fauna immediately after the impound­
ment differs from that of older, regulated lakes both quantitatively and 
qualitatively.

3. No depth zones with divergent and higher abundance of animals are 
found within the littoral, owing to a heavy reduction of bottom animals 
which even extends to littoral areas not directly influenced by draining 
and freezing (Fig. 3).

4. There is an altered balance of species conditioned by the impoundment. 
Above all there is a negative effect upon the “fish food” organisms and 
most insect larvae. Thereby the littoral fauna, which originally could 
be characterized as a chironomid fauna, has changed into an oligochaet 
fauna (Fig. 4).

5. Among the factors discussed, structural changes in the bottom surface 
are considered to be of great importance within the short-term effect.
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1. Introduction

The bottom fauna constitutes an important intermediate link in the energy 
flow between plants and fish in a lake, and a rich bottom fauna is often 
combined with a good production of fish. Investigations have shown that 
the regulation of the Swedish high mountain lakes has caused a reduction 
of bottom animals, e.g. typical fish-food organisms of the littoral (Grimås 
1961), and the reduced access to fish food finds its expression in the growth 
and condition of the fish (Runnström 1951, 1955, Nilsson 1961).

In recent years a number of experiments aimed at obtaining better condi­
tions of fish production in these lakes have been constituted in Sweden. 
These experiments aim to preserve or restore the natural conditions of the 
water or to replace the destroyed natural food chains by new ones.

The significance of the regional climate for the capacity of the production 
is obvious in the regulated lakes. In Lake Edersee, situated in the upper 
part of the River Weser, Germany, the artificial water level fluctuation 
(32 vertical metres) is inverted, compared with that of the Swedish high 
mountain lakes, viz. in Edertalsperre the period of high water occurs in 
winter and the draw down period in summer. During a visit by the author 
at the end of August, 1960, the dried area was covered by a close carpet of 
vegetation, dominated by Polygonum amphibium, but also containing, i.e. 
Potentilla anserina and species of Carex. This vegetation ought to constitute 
an important component in the primary production, be an important source 
of food for the invading bottom organisms during the winter and finally 
affect the production of fish.

In Edertalsperre and in many other water reservoirs in central Europe,
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(cf. Thienemann 1911), the yield of fish is, in fact, high (Müller, personal 
communication).

In the Swedish impounded lakes the water level must be lowered during 
the winter half-year in order to equalize the natural pulsation of the water 
in the northern river systems. This causes inter alia, a destruction of the 
bottom vegetation within the drainage zone of the lake; this means a loss 
of an important source of food, especially for littoral animals. The regula­
tion has thus a negative long-term effect upon the primary production of 
the lake. During an early phase in the history of regulation of the lake, part 
of this loss is compensated by an increased flow of energy through the plank­
tonic community of the lake (Rhode 1964). It is, however, probable that 
this positive effect disappears parallel with the erosion and the impoverish­
ment of the sediments of the regulated zone (cf. Lötmarker 1964).

In order to obviate the worsened conditions for the fauna in the regulated 
zone, which often comprises the entire littoral, experiments with new food 
chains have been directed towards the open water and the profundal of the 
lakes. Many crustaceans, among them glacial relict forms, have been con­
sidered suitable new fish food organisms and Mysis relicta Lov., Pallasea 
quadrispinosa Sars, and G ammar acanthus lacustris Sars have been intro­
duced (Fürst 1964). The work in progress also comprises experiments with 
new species of fish or with hybrids which can efficiently utilize the remain­
ing resources in the form of surface food, plankton, and fauna of the pro­
fundal, or which can be assumed to be better suited to the new biological 
systems. This experimental activity comprises amongst others Salmo gaird- 
neri Rich, (rainbow trout), Oncorhynchus nerka Wat.b. (kokanee), Salvelinus 
namaycush Walr. (lake trout), and hybrids with Salvelinus alpinus L. (char) 
(Nilsson and Svärdson 1962, eifac 1964).

With regard to the importance of the littoral as a feeding ground for 
many of our indigenous fishes, e.g. brown trout (Salmo trutta L.), it must 
be regarded as extremely valuable if in a regulated lake measures can be 
taken that will preserve suitable food organisms in the littoral of the lakes 
also.

Investigations show that the remnants of the original terrestrial vegetation, 
e.g. tree stumps, can serve as a food environment for many littoral organ­
isms, which also means the preservation in the lake of typical fish-food 
organisms (Grimås 1964).

Experience furthermore shows that the morphometric figuration of the 
littoral influences the productive capacity of the regulated lake. Natural dis­
connected areas of the regulated zone preserve a bottom fauna that in many 
respects resembles the original one (Grimås 1962). Similar phenomena have 
been established by Aass (1963) in the high mountain lake Limingen in Nor­
way. The condition can be ascribed mainly to the limited amplitude of the 
water level in these peripheric, disconnected ponds and the supply by the
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lattex' of organogenic material, when the erosion of the sediments of the bot­
toms becomes subdued.

The food available to the fish within these restricted areas does not of 
course, counterbalance that of the original littoral, owing amongst other 
things to the fact that their bottoms are accessible as feeding grounds during 
part of the year only. The ponds might, however, contribute to the forma­
tion of the fish fauna of the lake by favouring growth and thereby also the 
transition to a fish diet in a limited number of rapacious fishes, e.g. brown
tl’OUt.

Against the background of the above, artificial inlet impoundments with 
a constant water level have been constructed in connection with the reg­
ulated subarctic lake Kultsjön, Swedish Lapland.

2. Description of the lake and the inlet impoundments

Lake Kultsjön, which is situated in southern Lapland at an altitude of 
540 metres above sea level, is about 30 kilometres long and 3 kilometres 
broad, and can be characterized as an oligotrophic lake. A physicochemical 
description of the water is available in mimeographed reports from the 
Limnological Institute, Uppsala (Lindgren 1963), and data have been given 
by Rodhe (1964) and Grimås (1965).

The inlet impoundments of the lake comprise two areas, viz. in connection 
with the feeder Saxån at the western end of the lake and with Stasån in the 
eastern part. They cover the original flat delta regions with disconnected 
tarns, formed by the feeders, which were annually inundated by the spring 
flood. The original vegetation was dominated by species of Carex and like­
wise contained e.g. Caltha palustris, Viola palustris and V. biflora, Rubus 
arcticus, Pedicularis palustris, Bartsia alpina and Filipendula ulmaria, to­
gether with shrubs of Salix glauca and S. hastata (Nilsson, private com­
munication). Before the damming-up the shrubs of Salix and Betula were 
completely removed.

The dams were constructed in 1959. Their area totals 2.9 sq. kilometres 
corresponding to about 17 per cent of the area which is rendered dry by 
the annual fluctuation of the water-level (0—5 metres). Apart from some 
weeks in spring the amount of water passing through the ponds is limited 
(Table 1). Thus the organic drift can be assumed to be of limited importance 
except in the immediate vicinity of the inlet. The maximum depth occurs 
in the old river channel and does not exceed 5 metres. The major part of 
the bottoms is covered with aquatic vegetation. The sediments are mainly 
organogenic. The vegetation of the shallow bottoms is dominated by mosses, 
e.g. Drepanocladus exannulatus, Calliergon cordifolium and Mnium cincli- 
dioides (examined by Dr Sven Nilsson, Uppsala). Elodoea canadensis and
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Table 1. Some data on the water supply of the inlet impoundments.

Area, km2
Area of precipitation, km2

Satsån
1.15

147

Saxån
1.73

264

Drainage in days per year,

1 litre/sec. km2..................................... 363
5 „ ...................................... 229 —

10 „ ..................................... 170 —
15 „ ..................................... 137 —
20 .. ..................................... 112 —
25 „ ..................................... 94 ----
50 ...................................... 50 —

100 „ ..................................... 19 —
Maximum high-water flow, m3/sec.......... 80 190
Normal high-water flow, m3/sec............... 34 80 (spring flood)
Normal flow, m3/sec...................................... 3.5 8.5
Normal low-water flow, m3/sec............... 0.2 0.5
Minimum low-water flow, m3/sec........... 0.12 0.25
Discharge, 50 per cent duration ............ 1.2 —

75 „ „ „ ............ 0.4 —
Percentage of lake ....................................... 1.8 2.3

Utriculciria vulgaris also occur abundantly. The primary production can be 
assumed to be dominated by the macrophytes and their epiphytes of the bot­
toms, as is the case in other shallow bodies of water (cf. Wetzel 1964).

During periods of high water in the lake the impoundments are directly 
connected with it by an outlet channel in the barrier. There is a 75 per cent 
probability that in the month of July this water level will be reached. In 
order to safeguard a migration of fish between lake and the impoundments 
also at a lower water level in the lake there have been constructed fish-ways 
which open into the lake 2 metres below the crown of the barrier.

3. Results

The quantity and composition of the bottom fauna can be seen in Table 2.
The Table does not include the small chironomid larvae and Bosmina 

coregoni Baird, which are supposed to suffer the greatest losses in Ihe 
course of the sifting of the samples (sieves with 0.6 mm mesh). The small 
chironomid larvae, especially, are very numerous; their inclusion would 
double the average abundance of the bottom animals, but would only incon­
siderably influence the average weight of animals.

Maximum abundance, viz. 12,000 ind./sq. m, has been obtained within the 
uppermost metres of depth, partly upon naked dy-bottoms, where the larvae 
of chironomids are strongly dominant, and partly upon bottoms overgrown 
with Drepanocladus, where half of the fauna consists of periphytic clado- 
ceres. Medium abundance, viz. 7,000 ind./sq. m, has been found at greater
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Table 2. The bottom fauna of the inlet impoundment (Satsån) 
of Lake Kultsjön.

Weight, g/sq. m Number, ind./sq. m
Total 6.46 8,745

In per cent of the total fauna

Chironomidae........................................ 35.2 64.8
Insecta, excl. Chir................................... 34.9 1.8
Remainder ............................................ 29.9 —

Cladocera ........................................ — 21.9
Oligochaeta ...................................... — 4.5
Copepoda ........................................ — 3.3
Pisidae ............................................. — 3.0
Hydracarina ..................................... — 0.5
Nematoda ........................................ •-- 0.1
Ostracoda ........................................ — 0.1

depth in organogenic soft bottoms containing mainly chironomids, and 
minimum abundance, viz. 4,000 ind./sq. m, has been observed in sandy bot­
toms with a sparse vegetation of Nitella, in close connection with the old 
river channel.

The abundance and biomass of the bottom animals differ somewhat from 
those found at the corresponding depth in the natural lakes of the region. 
The average abundance equals the average for the year in Lake Ankar­
vattnet (Grimås 1961), but surpasses that registered during the same season 
(June) in the littoral of Lake Kultsjön before the regulation (Grimås 1965). 
This is connected with some differences in the composition of the fauna.

There is a characteristic dominance of the chironomids in the bottoms 
in spite of the emergence that is taking place of many species. The wealth 
of benthic cladoceres is, however, worthy of notice and constitutes a dif­
ference. In the littoral of the natural lakes in the region the occurrence of 
these animals in June is low, and the period of maximum occurrence falls 
in the month of August. In the impoundments the bottoms covered with 
vegetation exhibit an abundance of Eurycercus lamellatus Müll., Ophryoxus 
gracilis Sars, Alona quadrangularis Müll., and in addition of Camtocercus 
rectirostris Schoed., Simocephalus vetulus Müll., and Iliocryptus cicutifrons 
Sars. A similar rapid development of zooplankton communities has been 
observed by Elgmork (1964) in small, inundated ponds. It is tempting to 
correlate this development with the temperature which ought to rise faster 
in the shallow impoundments than in the lake (cf. Kreutner 1934).

The planktonic crustaceans are dominated by Bosmina coregoni Baird. 
Less common are Daphina hyalina Leyd., Holopedium gibberum Zadd., 
Acroperus harpae Baird, and copepodites of Diaptomus sp. and Cyclops sp.

The chironomid fauna consists to a very large extent of Tanypodinae



INLET IMPOUNDMENTS 27

and Tanytarsini. Many important species are normally found in the littoral 
regions of the subarctic lakes (cf. Bkundin 1949) even if the chironomid 
fauna as a whole seems characteristic of shallow bodies of water in the 
region (cf. Thienemann 1942), e.g. the relatively abundance of Chironomini. 
Upon the shallow bottoms pupae of Ablabesmyia monilis L. are very com­
mon upon the moss-covered surfaces together with larvae of Procladius, and 
upon the naked sedimentary surfaces the Tanytarsus gregarius — group 
and Paratanytarsus are abundant. In dy-bottoms at somewhat greater depth, 
Chironomus anthracinus Zett. becomes more abundant. In addition we may 
mention species of Psectrocladius and Microtendipes, Heterotrissocladius 
marcidus Edw., Stempellinella minor Edw. and Constempellina brevicosta 
Edw. Both Corynoneura cleripes Winn, and Chironomus anthracinus are just 
emerging and are numerous in the surface of the water and along the shores. 
Among the flying and swarming animals we may also refer to Cricotopus 
alpicola Edw., Stichtochironomus rosenschöldi Edw., and Limnochironomus 
pulsus Edw., which might have derived from the lake.

More remarkable is the occurrence of Psectrotanypus varius Fabr. (pupae), 
which in Sweden is otherwise known in the southern parts of the country 
only (Brundin 1949). Within the rest of its area of dispersal in Europe this 
species is known, according to Fittkau (1962), as euroxybiontic and eury- 
thermous but stenotopic and tied to shallow pools, ponds, and tarns, and thus 
as a biotope comparable to the shallow inlet impoundments of Lake Kult­
sjön.

The remainder of the insect fauna consists of organisms of greater size, 
these too, being typical forms of the littoral. As far as numbers are concerned, 
they do not occupy a conspicuous place in the fauna. On account of their 
size however, they constitute one third of the biomass of the fauna (Fig. 1), 
and their availability makes them an important element in the diet of the 
fish (cf. Grimås 1963). First among these insects we may mention the 
ephemerids, which are numerous both in the bottom samples and in the 
stomachs of fish from the impoundments (Sassersson, private communica­
tion). Siphlonurus lacustris Etn. is among the animals characteristic of the 
high mountain lakes. Together with Parameletus chelifer Bengts, it is abun­
dant in the impoundments in all bottom and is particularly numerous at 
the very edge of the water, and also upon naked minerogenic sediments. 
From among the others we may refer to Ameletus inopinatus Etn. as well 
as Leptophlebia vespertina L. and Heptagenia fuscogrisea Retz. Most com­
mon among the trichopters is Phryganea obsoleta McLachl., as a species 
belonging to stagnant waters rich in vegetation. To a similar biotope belong 
also Limnephilus despectus Ramb., L. fuscicornis Walk, and L. centralis 
Curt., Molanna sp., and larvae of the genera Rhantus and Agabus from 
among the Coleoptera.

In the immediate vicinity of the inlets the fauna is augmented by more
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rheophilous forms like Heptagenia sulphured Müll., Ephemerelia ignita 
Poda, Isoperla grammatica Poda, Polycentropus flavomaculcitus Pict., and 
Halesus tesselatus Ramb., the two last-mentioned as pupae.

Other littoral organisms of major size, which normally occur in the lit­
toral of the natural lakes of the region and often form part of the diet of 
the fish, seem to be less well-represented in the fauna of the impoundments 
e.g. the gastropod Gyraulus acronicus FÉR., which occurs sparsely in the 
qualitative material.

Gammarus lacustris Sars, which in the littoral of Lake Kultsjön made 
up 3 per cent of the total number of individuals before the regulation and 
accounts for 4 per cent in the neighbouring Lake Ankarvattnet, and which 
forms a much higher percentage of the biomass, is missing in the material 
from the inlet impoundments. The reason for its absence cannot be deter­
mined with certainty. The investigations into the choice of food by the fish 
have not yet been concluded, but nothing points towards a decided reduction 
of the population by predation (Sassersson, private communication). Seger­
stråle (1954) established the absence of G. lacustris in waters which are 
frozen to the bottom in winter. Its distribution in Lake Kultsjön, prior to 
regulation, seems to extend to deeper regions during the winter, with 
maximum abundance in the depth zones 0—2 metres in June and 5—7 metres 
in January (GRIMÅS 1965). An explanation might be found in the assump­
tion that the species is sensitive to the winter temperatures in the shallow 
impoundments, where it is unable to move to greater depths. In spite of the 
fact that the level of water does not change throughout the year, it is never­
theless possible that one third of the bottom area freezes, since the ice cover 
can reach a thickness of up to one metre, and the remaining water is chilled 
down to about 0°C.

The effect of the conditions in the inlet impoundments reminds one of the 
extensively regulated Norwegian lakes. In these lakes the availability of 
organogenic material in the shape of the original terrestrial vegetation seems 
to enable littoral species of insects of larger size to settle upon the bottom, 
but, perhaps as a result of the great annual amplitude of the water-level, 
Gammarus, undergoes a total reduction.

The possibility of improving the nutritional conditions for fish in the reg­
ulated lakes by inlet impoundments can be regarded as good. Our possibili­
ties of directing production towards desirable kinds of fish are, however, 
reduced by other factors, first of all the interaction between the various 
species within the fish fauna. In 1961 the catches in the impoundments con­
sisted to more than 90 per cent of burbot (Lota lota L.) (Nilsson 1962). 
Thus many circumstances suggest that the burbot occupies for the moment 
a more favourable position in the inlet impoundments of Lake Kultsjön 
than do the brown trout (Salmo trutta L.) and the char (Salvelinus alpi- 
nus L.).
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Fig. 1. The composition of the littoral bottom fauna in Lake Kultsjön before (1958) and 
after (1960) the regulation and in the inlet impoundment of Satsån (1963). Lined: “fish 
food” organisms such as insect larvae and crustaceans of major size plus gastropods. 

White: chironomids. Dotted: the remaining components of the fauna.

4. Summary

The inlet impoundments, with their stable water level throughout the 
year, complement the fauna of the regulated lake with a community of ani­
mals that is normally destroyed by the interference. Their special features 
as distinguished to the natural littoral are connected with their character as 
shallow bodies of water. Species that can be assumed to depend upon the 
possibility of migrating towards greater depths during the winter, e.g. 
Gammarus lacustris, seem to be hampered in their development. Through 
the low temperatures in winter and the fast rise of temperature in spring, 
the course of the temperature seems on the other hand to stimulate the devel­
opment of benthic cladoceres. The greatest importance of the inlet impound­
ments lies, however, in the fact that they preserve to the fish available areas 
with littoral vegetation and organogenic bottoms and, thereby, areas with a 
high density of bottom organisms and a balance of species within the fauna 
which in its main features agrees with that of the original littoral (Fig. 1). 
As an example may be mentioned the dominance of the insects, many of 
them being important fish-food organisms.
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1. Introduction

International literature dealing with the effects of water power exploita­
tion on fresh water animal communities has mainly dealt with reservoirs 
formed by the damming-up of rivers (cf. e.g. Thienemann 1911, Wundsch 
1949, Shadin 1961, Frey 1963).

In Scandinavia the study has been directed mainly towards impounded 
lakes in the subarctic region (literature reviewed by Aass 1958, Lindström 
1962, Nilsson 1964, Rodhe 1964, Runnström, S. 1964, Grimås 1965). 
Parallel with these investigations successful work has been carried out with 
a view to restoring the population of salmon (Salmo salar L.) in the Raltic, since 
the reproduction of this fish has been hindered by the power plants erected 
in the lower reaches of the rivers (Lindroth 1958, 1963, Carlin 1963). 
During recent years work has been increasingly concentrated around the 
conditions of the intervening river reservoirs. The present investigation has 
been carried out in three river systems of Norrland, viz. those of the rivers 
Indalsälven, Ångermanälven and Umeälven and comprises six reservoirs, 
which are entered upon the map (Fig. 1). The investigation includes physico­
chemical analyses, the bottom fauna, and the food habits of the fish.

2. Environmental conditions

The age of the reservoirs. In connection with the damming-up of the reser­
voirs, large portions of the neighbourhood are inundated. The effects of this 
first phase of a new damming-up resemble those observed in impounded 
lakes. It is, however, probable that the supply of organogenic and minero- 
genic material from these drowned areas is of importance for the production 
of the reservoirs during a considerable time. It can therefore be supposed 
that the age of the reservoir is of great importance for its productive capa-
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Table 1. Data on the reservoirs.

Start of 
regulation

Short-time
regulation Amplitude

Indalsälven

1. Bergeforsen . . 1955 Depends on upstream reservoirs —

2. Hammarforsen 1928
1943 new dam­

ming-up

whole year 0.5—1 m

Ångermanälven

3. Gulsele ............ 1955 whole year 1.25 m

Umeälven

4. Bjurfors Övre 1961 1/9—30/4 1964: whole year 1.0 m

5. Rusfors .......... 1962 1/9—20/5 1964: whole year 0.5 m (short-time) 
2.3 m (long-time)

6. Grundfors . . . 1958 1/9—20/5 1964: whole year 1.0 m

city. This point has been kept in mind in the choice of the objects for the 
study (see Table 1). Thus the reservoir of Hammarforsen represents a rela­
tively stabilized type, while the reservoirs in Umeälven represent early stages 
of development.

Physicochemical conditions. The regulation of a river system brings about 
great changes in the discharge of the river, both annually and diurnally. To 
the more important changes must be reckoned the increased discharge during 
winter and the reduced flood in spring. Thus since 1947 the discharge in 
winter in the lower reaches of the Indalsälven has increased by 100—200 
m3/sec. (Berg 1958). Apart from this, regulations of short duration cause 
variations connected with a day and night or holidays or weekends. These 
are most noticeable in the upper parts of the reservoir.

A significant phenomenon with regard to running water is the fact that 
the velocity of the flow also varies within the mass of water, depending, 
amongst other things, upon the distance to the bottom (Fig. 2). The velocity 
of flow is thus greatest immediately below the surface and often diminishes 
greatly in layers near the bottom.

The establishment of a damming-up area causes increased sedimentation 
within the area of the river. In regions where previously the current has 
made for a constant transport of bottom material, the damming amounts 
to a stabilization. This is exemplified by certain parts of the dammed-up 
area of Bergeforsen which originally consisted of wandering sandy bottoms 
but which are now becoming overlain by fine sediments.

According to the observed temperature values (Fig. 3) no stable stratifica­
tion seems to occur. Even relatively deep reservoirs should be homothermous
3
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Depth, m
Fig. 2. The various velocity of the water flow at two stations in the 

Hammarforsen Reservoir.

as a result of the great velocity of flow and the turbulence of water connected 
with it. The rapid replacement of the water in the reservoir causes both a 
high temperature in summer and a good supply of oxygen at great depth, 
which probably exert a positive influence upon the organic production of 
the reservoir.

The results of the physicochemical samplings in the different reservoirs 
are given in Table 2. Compared with the other reservoirs, those in Indals­
älven exhibit greater transparency and higher values for calcium-magnesium 
and for electrolytic conductivity. Owing to the presence of humous sub­
stances, the water in Gulsele in Ångermanälven is remarkably brown in 
colour. The humus content also finds its expression in low transparency and 
pH, a high consumption of permanganate and high Pt-values. The reservoirs 
of Umeälven are not humified in the same degree, but can on the whole be 
refered to the same group as Gulsele. The difference in comparison with 
Indalsälven might include an effect of the recent damming.

River reservoirs versus natural and impounded lakes. The river reservoirs 
form a very complex environment and their general features are characterized 
by a far-reaching variation of biotopes from the lake type, which is on the 
whole found in the lower parts of the reservoirs, to more or less original 
river conditions still prevailing in the feeding region.

The reservoirs differ fundamentally from the lakes by reason of the rapid 
changing of their water. As an example can be mentioned the conditions con­
nected with temperature and oxygen and the organic drift, which, amongst
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i, Temperature conditions in the reservoirs during the months of June, July and
August, 1964.
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Table 2. Physico-chemical data. (The chemical analyses were made by the 
National Water Protection Service, Drottningholm.)

Indalsälven Ångermanälven Umeälven

Berge-
forsen

Hammar-
forsen Gulsele Bjurfors

Övre Rusfors Grund­
fors

Transparency June 4.0 5.2 3.0 — 3.4 3.8

Colour June Green
yellow

Yellow Yellow brown — Brown
yellow

Brown
yellow

Colour mg/1 Pt June 25 30 45 35 25 20
July 30 30 40 21 25 15
Aug. 20 10 30 15 10 10

x • 106 June 43 40 27 27 28 31
July 43 44 29 32 34 34
Aug. 46 46 29 32 33 33

pH June 7.4 7.3 7.1 7.1 7.0 7.3
July 7.2 7.1 7.0 7.3 7.1 7.3
Aug. 7.4 7.7 7.2 7.3 7.4 7.4

KMn04 mg/1 June 19 18 29 27 21 15
July 22 22 24 — 14 11
Aug. 18 15 22 16 16 12

Ca + Mg pmol/1 June 196 190 117 125 123 139
July 202 226 121 129 139 145
Aug. 222 226 129 140 169 147

Tot. P pg/1 July 10.3 3.6 3.4 2.6 3.2 5.1

Kjelldahl-N. ug/'l July 38 55 26 61 112 26
Aug. 26 27 84 112 101 26

other things, implies a high and direct introduction of living material at all 
levels of the water masses.

2'he most important difference between river reservoirs and impounded 
lakes is connected with the fluctuations of the water level. In impounded lakes 
considerable variations of the water level generally occur in the course of 
the year, the surface being at the damming-up limit in summer and lower in 
winter. In river reservoirs examined, on the other hand, the annual ampli­
tude of the water is comparatively small in spite of the fact that temporary 
and rapid changes of level within the predetermined limits can be caused by 
short-time regulation. As a result of this relatively stable water level and in 
contrast to what is the cause in the impounded lake, a rich aquatic vegetation 
can develop within great parts of the reservoir. As an example we can men­
tion the strongly developed belts of Sparganium and Potamogeton in the 
Hammarforsen reservoir. The remains of the original terrestrial vegetation 
are also of importance for production within the inundated areas.
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3. The fauna

Earlier investigations into the fauna of river reservoirs in Sweden have 
concentrated mainly on their feeding regions and the beach which is in­
fluenced by the short-time regulation.

Müller (1956, 1958) points, amongst other things, to the negative impor­
tance of the low temperature in spring for the fauna of the river below the 
power-plant reservoirs and to the positive effect of the reservoirs upon this 
water course as a supplier of nutrition, mainly in the shape of planktonic 
organisms. Berg (1958) establishes that the short-time regulation influences 
the fauna within the affected beach zone, but considers that this effect is 
of small importance. Similar results have been obtained by Josefsen (1953), 
who examined the reaction of the river fauna to short-time regulations in 
Norwegian rivers. The number of species and individuals of the faunas of 
the bottoms is affected only inconsiderably, if at all. Nor does the regulation 
seem to contribute to any displacement in the life cycle of the species or to 
any changes in the density of the populations in the succeeding year.

A discussion of the importance of the river reservoirs as feeding environ­
ment for a recent or newly introduced fish fauna would not, however, be 
complete unless the qualitative and quantitative composition of the food 
fauna in the deeper portions of the reservoir were also taken into considera­
tion. The results set out below indicate that the bottoms of the reservoirs, 
irrespective of the depth, can most closely be compared with littoral regions, 
amongst other things with regard to the availability of organisms suitable 
as fish food.

The qualitative composition of the fauna. As a result of the retarded flow 
of water such characteristic rheophilous forms as simulids have greatly 
diminished within the region of the river. The altered specific composition 
is nevertheless characterized by a large number of forms, varying from 
purely rheophilous organisms to pure lake forms. The “mixed fauna” is 
especially evident in the central portions of the reservoirs. It might be tempt­
ing to refer to the biological structure of the reservoirs as examples of 
“edge effect” (see Tables 3 and 4). The main part of the fauna consists of 
species known for their extensive tolerance with regard to environmental 
factors, yet the same bottom samples contain species that can be regarded 
as typical of the environments of both lakes and running water. Thus 
in Hammarforsen, for instance, we find Mysis relicta, Pallasea quadri- 
spinosa, and Constempellina brevicosta together with a fauna of river char­
acter. In Gulsele species of rheophilous insects occur in samples containing 
a fauna which is dominated by pisids, oligochaetes and benthic cladoceres. 
In Bjurfors Övre dense swarms of Polyphemus pediculus occur along beaches 
with high abundance of Neureclipsis bimaculata.

The fauna of the feeding regions is characterized by rheophilous species.
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Table 3. The occurence of gastropods and aquatic insects in the reservoirs. 
Number of x=number of reservoirs.

Feeding regions Other regions

Gastropoda
Lymncea palustris Müll............
— peregra Müll..........................
Planorbis planorbis L................
— carinatus Müll.......................
Gyraulus albus Müll..................
— acronicus Fer.........................
Valvata macrostoma Steenb. .

Ephemeroptera
Ephemera vulgata L..................
— danica Müll............................
Caenis horaria L..........................
— rivulorum Etn........................
— macrura Steph.......................
Ephemerella ignita Poda.........
— notata Etn...............................
Athroplea congener Bengts. . . 
Heptagenia sulphurea Müll. . .
— fuscogrisea Retz...................
— sp................................................
Leptophlebia vespertina L. . . .
Metretopus sp................................
Ameletus inopinatus Etn...........
Siplilonurus linneatus Etn. . . .
— lacustris Etn...........................
Centroptilum luteolum Müll. . 
Cloeon dipterum L......................
— simile Etn................................
Baetis scambus Etn....................
— rhodani Pict...........................
— sp................................................

Odonata
Ishnura conf. elegans Vand. . . 

Plecoptera
Nemoura cinerea Retz..............
Leuctra fusca L.............................
Diura bicaudata L.......................
Isoperla grammatica Scop. . . .
— obscura Zett..........................
Chloroperla burmeisteri Pict.

Heteroptera
Cymatia conf. bonsdorffi C.Sb.
Corixa sp........................................
Sigara sp.........................................

Megaloptera
Sialis lutaria L..............................

Trichoptera
Hydroptila femoralis Eat.........
— sp................................................
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— X

— X

XXX xxxx
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Table 3. Continued.

Feeding regions Other regions

Agraylea sp.........................................................
Oxyethira costalis Curt................................. —
Neureclipsis bimaculata L............................. xx
Cyrnus trimaculatus Curt............................
Polycentropus flavomaculatus Curt..........
Hydropsyche pelluchlula Curt.................... xx
— angustipennis Curt............
Phryganea obsoleta McLachl.
— SP.....................................................
Molanna angustata Curt. . ..
— sp..............................................
Molannodes zelleri McLachl.
Athripsodes annulieornis Steph................. x
— cinereus Curt............................................... xx
— sp.................................................................. x
Mystacides nigra L............................................ —
— azurea L...................................................... x
Anabolia nervosa Leach.............................. x
Limnephilus rhombicus L............................... —
— borealis Zett................................................ —
— ssp................................................................. x
Stenophylax infumatus McLachl............... xx
Halesus tesselatus Ramb................................ —
— digitatas Schrk......................................... x
Apatania sp...................................................... x
Lepidostoma hirtum Fabr............................ —
Sericostomatidae ............................................. x

Coleoptera
Haliplus fulvus Fabr..................................... x
— lineatocollis Marsh................................... —
Hydroporus sp................................................. xx
Deronectes depressus Fabr.......................... —
— halensis Fabr............................................. x
— sp.................................................................. x
Platambus maculatus L...............
Agabus conspersus Marsh.........
— sturmi Gyll.............................
Rhantus scutellatus Harr...........
Colymbetes fuscus L.....................
Dryops sp.........................................
Helmiinae ......................................

Diptera
Constempellina brevicosta Edw,
Simulium morsitans Edw............................... x
— venustrum Say............................................. x
— ssp.................................................................... xx

x
x
xx
x
x

x
x
xx
xxx
x

x
XX
x
xxx
X
X
X
xx

xx

X

X
X
X

X
X
X
X
XX
X
XX

XXXX

As examples can be mentioned Simulium morsitans, S. venustum, Hydro- 
psyche angustipennis, H. pellucida, Baetis scambus, B. rhodani, and swarm­
ing Hydropsychae nevae and Agapetus comatus in the upper reaches of 
Bergeforsen. In the feeding region of Bjurfors Övre occur Simulium sp., 
Rheotanytarsus sp., Chloroperla burmeisteri, Caenis rivulorum, Neureclipsis
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Table 4. Trichoptera. Imagines along the shores of the reservoirs. Examined
by prof. C. H. Forsslund.

Hammarforsen
Barrage site, spring: Lype phaeopa Steph.

Hydropsyche contubernalis McLachl. 
autumn: Athripsodes cinereus Curt.

Bergeforsen
Feeding region: Diploglossa nylanderi McLachl.

Agapetus comatus Pict. numerous
Hyclropsyche nigronervosus Retz.
— nevae Kol. swarming

Barrage site: Neureclipsis bimaculata L.
Hydropsyche nevae Kol.
Athripsodes nigronervosus Retz. numerous
— perplexus McLachl. „

Gulsele
Feeding region:

Barrage site:

Rusfors
Feeding region:

Grundfors
Stream:

Barrage site:

Agapetus comatus Pict.
Polycentropus flavomaculatus Pict.
Molanna angustata Curt.
Micrasema nigrum Br.
Athripsodes annulicornis Steph.
— perplexus McLachl. numerous
Polycentropus multiguttatus Curt.
Athripsodes nigronervosus Retz.
— perplexus McLachl. egg-laying

Apatania wallengreni McLachl. swarming

Arctopsyche ladogensis Kol.
Apatania wallengreni McLachl. swarming
Nemotaulius punctatolineatus Retz.
Limnephilus rhombicus L.
Apatania wallengreni McLachl. numerous

bimaculata and Hydropsyche pellucida, at Grundfors are found Archtopsyche 
ladogensis, a pronounced rheophilous form typical for northern rivers, and 
at Gulsele Stenophylax infumatus, Agapetus comatus and Micrasema nigrum.

The lower parts of the reservoirs and other regions of lake character con­
tain in their depths a fauna which in many respects resembles that of a 
natural lake, i.e. which is dominated by oligochaetes, pisids, and chirono- 
mids. An important difference from the fauna of the lake is, however, 
constituted by the fact that together with these profundal organisms there 
occur species which usually are restricted to the littoral, e.g. large crusta­
ceans, large insect larvae and gastropods. Among the bottom animals which 
seem to be especially favoured by the damming-up Pallasea quadrispinosa 
may be mentioned. The abundant occurence of this important fish food 
organism is probably connected with the circumstance that this species, in 
contrast to e.g. Gammarus, is capable of utilizing deeper water also. Investiga-



ON THE FOOD CHAIN IN SOME NORTH SWEDISH RIVER RESERVOIRS 41

Table 5. The percental share of small crustaceans in the bottom fauna in 
reservoirs of various ages of regulation. Depth zone 8—10 metres.

Reservoir Year of 
damming-up

Small
crustaceans Remainder Dominant

forms

Rusfors ........................ 1962 80 20 cladoceres
copepods

Grundfors .................... 1958 20 80 chironomids
oligochaetes
pisids

1955 15 85 chironomids
Hammarforsen............. 1928 5 95 chironomids

pisids
oligochaetes

tions by S. E. Berg (private communication) showed Gammarus to dom­
inate in the unregulated Vindelälven. Furthermore can be mentioned the 
occurence in Bergeforsen of Valvata macrostoma and Gyraulus acronicus 
down to a depth of 23 metres, of Neureclipsis bimaculata, Asellus aquaticus, 
Gyraulus acronicus and Caenis sp. in Hammarforsen, of Baetis, Neureclipsis 
and larvae of Helmiinae in Rusfors and of Gyraulus albus, Molannodes zelleri, 
and Athripsodes einer eus in Grundfors, all of them down to a depth of 
10 metres. At slightly smaller depth, 7—10 metres, there normally occur 
e.g. Asellus aquaticus, Valvata macrostoma, Ephemera vulgata, E. danica, 
Ephemerella notata, Oxyetldra costalis, and Limnephilus rhombicus, together 
with Mystacides sp. and Oecetis sp. In all reservoirs the littoral fauna is very 
rich in species as far down as 7 metres. As examples can be mentioned Poly- 
centropus multiguttatus in Gulsele and Lype phaeopa in Hammarforsen, 
species which in these northern regions are considered rare (Forsslund, 
communicated by letter).

The occurance of littoral animals in all depth zones can be ascribed to 
the extensive flow of water and factors connected therewith. In contrast to 
the rigid zonation of the lakes in littoral and profundal regions the reservoirs 
exhibit equalizing conditions in favour of the littoral organisms. This eury- 
bathic distribution of littoral animals in the river reservoirs diminishes the 
relative importance of the upper littoral as feeding ground for the fishes and 
thus also the effect of the short time regulation.

In the youngest reservoirs the effect of the damming-up is noticeable by 
the occurence of dense swarms of semipelagic cladoceres like Eurycercus 
lamellatus, Sida crystallina, and Polyphemus pediculus. In this respect the 
young reservoirs agree with recently impounded lakes. The share of small 
crustaceans (cladoceres, copepods and ostracodes) in the fauna of the dif­
ferent reservoirs is evident from Table 5.

The quantity of bottom animals. The quantitative results are shown in 
Table 6. The distribution of the animals with regal’d to depth agrees on the
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Table 6. Hammarforsen Reservoir. The bathymetrical distribution of bottom 
animals and the percental share of various groups of animals in the total 
fauna. “Fish food” organisms include major crustaceans and insects plus 
gastropods. The remaining large animals, such as Anodonta and Petromyzon 
fluviatilis are included in “Remainder”. This material does not comprise 
areas in the reservoir with stream velocity exceeding 0.2 metres per second.

Depth
m

Number of 
ind./sq.m.

“fish
food” Chir. Olig. Pis. Small

Crust. Remaind. Biotope

2 45,056 2 10 38 7 37 6 Lake type + 
vegetation

3 16,412 13 37 22 6 20 2 slow stream 
type+Nitella

5 6,966 17 36 17 17 8 5 slow stream 
dy+bark

7 7,861 1 13 46 30 3 7 lake type 
naked sedim.

9 12,804 8 30 19 30 11 2 slow stream 
0.2 m/sec. in 
surface, dy

10 12,041 1 28 37 30 3 2 lake type dy

whole with the conditions in a lake, i.e. the maximum abundance is found 
in shallow bottoms. In the reservoir of Hammarforsen an abundance of 
45,000 ind./sq. m has been noted for the uppermost metres of depth. For 
the depth zone 0—10 metres the average density amounts to 16,768 ind./sq. m 
of which 909 individuals are fish food organisms of larger size. This con­
centration must be regarded as very high. Particular notice is merited by 
the high concentration of fish food organisms and chironomids in fairly 
agitated waters, the dominance of the oligochaetes in the lake-like portions, 
and the great number of periphytic animals, like cladoceres, in connection 
with the vegetation.

Composition of the fish fauna. A great number of test fishing operations, 
the results of which are accounted for in mimographed reports from the 
Institute for Fresh Water Research, the Local Fisheries Administration, and 
the Hydroelectric Power Board, show that with the building of power 
plants and dams for water-power exploitation the composition of the fish 
fauna undergoes characteristic changes. Table 7 (after Runnström, H. 1964) 
gives a characteristic example of the catch in one of the reservoirs examined, 
viz. Gulsele, standard sets of gill nets having been employed. Migratory 
salmonids that spawn in running water, like brown trout (Salmo trutta L.), 
salmon, and grayling [Thy mallus thy mallus L.), become much rarer or dis­
appear. Of these species it is only the grayling which has shown the ability 
to form populations of reasonable importance, and which survives in many 
reservoirs, especially in their feeding regions. Some kinds of fish, on the
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Table 7. Gill net catch in Gulsele Reservoir 1962. (After H. Runnström 1964.)

Month Number 
of efforts

Number & kg 
per effort

White-
fish Pike Perch Roach Burbot Ide Sum

May ___ 64 Number 0.18 0.97 2.25 4.67 0.09 0.02 8.18
Kg 0.09 0.58 0.17 0.34 0.07 0.01 1.26

June . .. . 152 Number 0.11 0.36 1.93 5.39 — — 7.79
Kg 0.05 0.22 0.17 0.36 — — 0.80

July ----- 224 Number 0.03 0.27 2.61 2.33 — — 5.24
C
fQ 0.01 0.15 0.21 0.18 — — 0.55

Aug............ 216 Number 0.24 0.43 2.87 2.27 — — 5.81
Kg 0.08 0.27 0.24 0.19 — — 0.78

Sept........... 80 Number 0.58 0.21 1.00 1.09 0.21 — 3.09
Kg 0.18 0.13 0.10 0.11 0.13 — 0.65

Oct............. 152 Number 0.77 0.24 1.06 2.68 0.16 — 4.91
Kg 0.23 0.18 0.09 0.23 0.10 — 0.83

Sum . . . . 888 Number 0.32 0.41 1.95 3.07 0.08 < 0.01 5.83
Kg 0.11 0.26 0.16 0.24 0.05 < 0.01 0.82

other hand, assume increased importance. Some species, e.g. whitefish (Core- 
gonus), exhibit in isolated cases (Gulsele) a tendency towards increased repre­
sentation in the catches; in other cases they become rarer, but still constitute 
populations of some importance. The species which regularly seem to form 
denser populations are roach (Leuciscus rutilus L.), perch (Perea fluviatilis 
L.) and pike (Esox lucius L.). These tendencies on the whole agree with 
experiences derived from other parts of Europe (cf. Wundsch 1949, Schadin 

1961, Starmach 1961). A contributory cause for this development, which is 
unfavourable from the point of view of the fisherman, consists in the fact 
that the difficulties encountered in fishing often result in partial or total 
cessation of all fishing activities.

The percentage of the different species of fish in the test fishing opera­
tions in Hammarforsen, Gulsele, and Bjurfors Övre can be seen from 
Table 8, which provides a good illustration of the conditions accounted for 
above. It is worth while to notice the dominance of pike and whitefish in 
the youngest reservoirs, and that of roach and perch in the oldest. The 
changes in the composition of the fish fauna do not seem to be due to an 
adverse influence of the sudden changes in the water flow upon reproduc­
tion (Lindroth 1955, Berg 1958). In addition to the fact that the species 
of fish which migrate into the sea are prevented by the construction of the 
power plants from reaching the places for their spawning and juvenile 
development, the above mentioned changes must be due to other causes, e.g. 
food production, predation, competition, etc.

The food habits of the fish. The food habits of the different species of 
fish in Hammarforsen, Gulsele and Bjurfors Övre can be seen from Table 9, 
10, 11 and 12. Apart from the pike, which in the reservoirs as elsewhere 
is a fish-eater, all the other species of fish examined draw the most impor-
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Table 8. The species composition of the fish fauna according to test fishing 
data from three reservoirs. Figures given as per cent of total catches.

Trout Gray­
ling

White-
fish Smelt Pike Perch Ruff Burbot Roach Dace Ide

Hammarforsen
1964 ..........
105 efforts

0.25 0.7 7.8 0.5 7.5 26.8 6.6 --*- 48.1 1.8 —

Gulsele
1962 .......... —
888 efforts

Bjurfors Övre
July—Aug.

5.5 7.0 33.4 1.4 52.7 < 0.1

1963 .......... 0.4
608 efforts

Bjurfors Övre
Oct.—Nov.

2.1 10.8 5.6 57.9 0.4 0.05 1.9 20.9

1963 .......... 0.1 4.1 32.6 — 14.2 30.7 10.8 — 3.8 3.7 —

512 efforts

tant component of their food from among the bottom animals. The planktonic 
crustaceans are of importance only for the small whitefish in Bjurfors Övre, 
a fact which can be assumed to be connected with the flourishing of minor 
crustaceans in the recently dammed-up reservoirs.

Among the bottom animals it is in the first instance the insects, major 
crustaceans and molluscs that are utilized. In two cases, viz. the whitefish 
in the Hammarforsen reservoir and the grayling in the Gulsele reservoir, 
the chief food consists of terrestrial insects that have capsized upon the sur­
face of the water. The oligochaetes which are an important component of 
the bottom fauna are hardly utilized at all by the fish. Among the aquatic 
insects the major forms, like ephemerids, plecopters, and odonates, are 
dominant. The chironomids are of importance particularly for the white- 
fish. Apart from the whitefish which utilize the pisidians, the gastropods 
(Lymnœa, Gyraulus) dominate among the molluscs. Among the major crusta­
ceans Pallasea quadrispinosa is especially noticeabel. It is of interest that 
My sis relicta is also found among the prey.

To sum up, it can be established that the richly diversified supply of 
food in the reservoirs is paralleled by the food habits of the population of 
fish inhabiting the waters, i.e. the food spectrum of the fish is extremely 
broad. On the whole the grayling feed on the organic drift in the inflow 
regions (simulids, terrestrial insects, larvae of ephemerids and trichopters), 
the whitefish on plankton and sediment organisms (pisids, chironomids, 
larvae of trichopters and Pallasea), the roach on plants and bottom animals, 
while the pike is a predator, feeding on burbot (Lota lota L.), perch, roach, 
and larvae of odonates and ephemerids.
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In the material examined there is nothing to indicate that the nutritive 
conditions as such in the river reservoirs are responsible for the decline of 
the salmonid species. Their marked decrease in comparison with other 
species of fish ought rather to be viewed against the background of the 
above-described change of the environment from lotie to more lake-like 
conditions, the latter favouring species adapted to them at the expence of 
the salmonids. An important factor that is adverse to the salmonids is the 
recruitment of the pike, which for a long time should be favoured by the 
structure of the drowned bottoms. The complicated environment of the 
reservoirs, characterized amongst other things in the rate of flow of the 
water, both in space and time, also seem to favourize the pelagic, roam­
ing species, adapted to life in lakes, in relation to the territorial salmonids. 
The phenomenon, observed by Lindroth (1955) and Kalleberg (1958), that 
a change in the velocity of the current the fry of trout and salmon change 
from territorial to pelagic habits ought also to contribute to the circumstance 
that they easily become the prey of predators in this special environment.

Table 9. Stomach contents of whitefish and roach in Hammarforsen Reservoir
1963. Expressed as mean percentages of stomach volumes.

Food
July September October

Whitefish j Roach Whitefish j Roach Whitefish] Roach

Fish remains .............................. _ _ _ 1.0 _ _
Daphnia.......................................... + — — — — —
Eurycercus ................................... 4- — 13.6 0.8 — —
Cyclops .......................................... + — + + — —
Ostracoda ..................................... 0.6 — + — — —
Plankton remains ..................... — + — — — 2.9
Asellus aquaticus........................ — — — — 0.5 ----
Pallasea.......................................... + 5.9 4.7 0.6 13.1 —
Gastropoda ................................... — 6.1 — 31.2 — —
Planorhidae ................................. 7.2 — 14.3 — 2.8 —
Lymnaea ....................................... — — 6.3 — 10.7 —
Valvata .......................................... — — — 3.5 — ■---
Sphaeriidae................................... 15.0 — 19.3 — 25.2 —
Chironomidae 1............................. 7.0 0.2 4.3 0.5 11.7 —

— P.................................................... 4.6 — — — — *---
Ceratopogonidae 1....................... + + + — + •---
Ephemeroptera 1.......................... + — + — — —
— P.................................................. 1.9 — — — — ■----
Trichoptera 1.................................. 2.3 19.2 3.9 1.1 0.9 10.6
“ P................................................. 1.6 — — — — ----
— i..................................................... 1.3 — — — •--- —
Terrestrial insects..................... 32.7 4.4 11.1 0.2 7.3 5.8
Acantocephala .......................... — •--- — 0.2 — —
Cristatella ................................... --- - — -j- 1.9 0.3 —
Nematoda ................................... 0.9 — — — — —
Hydracarina.............................. 4- + — 0.1 — —
Algae.............................................. — 13.8 — 8.5 — 1.2
Plants............................................ 7.6 5.0 7.0 3.0 6.1 0.1
Minerogenic particles.............. 5.1
Organogenic and minerogenic

1.2 6.3 0.7 0.8

mud ....................................... 12.2 44.3 9.3 46.9 20.6 79.4
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Table 11. The stomach contents of whitefish of various size in Gulsele
Reservoir 1962.

Food
Size

201—300 mm 301—400 mm > 400 mm

Fish eggs ......................................................... __ 2.6
Daphnia ............................................................ 2.1 — •--
Eurycercus........................................................ 0.8 2.0 0.3
Ostracoda ......................................................... — 0.8 0.1
Cyclops .............................................................. 2.3 0.1 —
Lymnaea............................................................ — 6.0 25.0
Planorbidae ..................................................... — 0.6 12.1
Valvata .............................................................. — — 0.1
Sphaeriidae ..................................................... 17.5 7.6 7.7
Chironomidae 1................................................ 14.5 15.6 6.9
— P...................................................................... 10.7 5.8 14.4
Ceratopogonidae 1............................................ 2.1 2.3 0.1
Simuliidae 1........................................................ 0.7 — 0.1
Ephemeroptera 1............................................... 22.3 8.7 12.0
Plecoptera 1....................................................... — 2.2 0.1
Trichoptera 1..................................................... 5.5 13.2 0.1
Dytiscidae 1........................................................ — 0.1 0.4
Oligochaeta ..................................................... — 0.7 —

Chironomidae i................................................. — 3.1 —
Dytiscidae i........................................................ 0.1 0.1 —
Corixa i............................................................... 0.2 0.1 —

Terrestrial insects ........................................ — 0.1 —
Plants ................................................................ 19.4 28.2 20.1
Minerogenic components ............................ 1.4 0.1 0.1

Table 12. Stomach contents of whitefish of various size in Rjurfors Övre

Reservoir 1963.

Food
Size Month

201—300 mm j 301—400 mm August October

Bythotrephes .............................. 10.5 0.5 10.9
Bosmina ....................................... 5.3 — — 6.7
Daphnia ........................................ 9.6 — 5.8 4.8
Eurycercus ................................... 4.8 — — 6.1
Holopedium ................................ 4.2 — 4.2 —

Cyclops ........................................ 6.7 — 0.5 7.7
Heterocope .................................. — 6.7 5.3 —

Ostracoda .................................... 1.7 — — 2.1
Mysis ............................................ 5.0 — 5.0 —

Pallasea ........................................ 10.5 15.8 10.5 15.8
Lymnaea ....................................... 18.7 7.2 9.6
Pisidium ....................................... 0.3 6.7 0.3 6.7
Planorbidae ................................ — 17.7 8.6 6.9
Sphaeriidae................................... 5.3 6.1 4.8 6.7
Chironomidae 1............................. 34.9 6.7 — 11.9
— P.................................................. 1.0 0.8 —

Ephemeroptera 1........................... 0.3 — ■------ 0.3
Plecoptera 1........................ .. . .. . 1.1 — ------- —

Trichoptera.................................. — 13.4 36.1 8.0
Plants ............................................. 6.7 — 6.7
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1. Introduction

The bottom fauna has been studied in two basins of Lake Mälaren, Cen­
tral Sweden, viz. in L. Ullevifjärden and in Ekoln. Both are situated in the 
north-eastern part of the lake and are separated from other portions of the 
lake by narrow sounds. On this account they can be regarded as indepen­
dent lakes from the biological point of view (cf. Ekman 1907).

Both L. Ullevifjärden and Ekoln are eutrophic (cf. Lohammar 1938) with 
well-developed profundals (maximum depth 58 and 50 metres, respectively). 
They have a well-developed temperature stratification in summer and a 
complete circulation in spring and autumn. During periods of stagnation 
a scarcity of oxygen occurs in the bottoms of the profundal. In spite of these 
similarities the conditions for the configuration of the fauna are different, 
mainly because of differing degrees of human interference. Taken as part 
of Lake Mälaren, L. Ullevifjärden has suffered little interference, whereas 
Ekoln has become the recipient through the River Fyrisån of, amongst other 
things, the sewage of the town of Uppsala. Furthermore, parts of the sur­
roundings of Ekoln are densely settled and cultivated, while L. Ullevifjärden 
is almost completely surrounded by coniferous forest.

The differences between the two basins find expression in, e.g., the trans­
parency of the water, which is higher in L. Ullevifjärden than in Ekoln. 
This is partly due to the fact that L. Ullevifjärden receives the precipitation 
of a limited area and is fed to a large extent by subsoil water. The most 
important feeder of Ekoln, the River Fyrisån, has a discharge of about 
300 million cubicmetres per annum (Rep., Limnol. Inst. 1962).
4
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The occurrence of higher aquatic vegetation is limited by stretches with 
steep shores. It is, however, most strongly developed in Ekoln. L. Ullevi- 
fjärden contains a rich submerged vegetation of, e.g., Chara fragilis, and 
a belt of free Clcidophora aegagropilci between the approximate depths of 
5 and 12 metres. The sediment of the profundal consists of gyttja, which 
in L. Ullevifjärden contains lake ore.

In May 1964, as a part of the experimental activities of the Institute for 
Freshwater Research, Drottningholm, 5,000 yearlings of lake trout, Salve- 
linus namaycush Walbaum, were implanted in L. Ullevifjärden.

2. Material and methods

For a number of years the lakes in question have been the object of 
excursions from the Institute of Zoology of the University of Uppsala. On 
these occasions the composition of the bottom fauna has been among the 
matters studied. Quantitative material was collected in L. Ullevifjärden in 
October 1959 and in Ekoln in May 1963. This material comprises 5,312 ani­
mals resulting from 21 samplings (bottom sampler: Ekman-Birge) . The 
samples were taken along lines stretching from the north-western shores 
of the lakes towards the deep portions. The samples were sifted with 
0.6 gauge, and the weighing was carried out on material preserved in alcohol 
and with a tolerance of ±0.1 mg.

3. Results

Quantity. The bathymetric distribution of the bottom animals is shown 
in Table 1. An important difference between the two basins lies in the fact 
that in L. Ullevifjärden maximum abundance occurs in the littoral, while 
Ekoln exhibits a more abundant fauna in the region of the profundal.

The relatively low abundance in the uppermost littoral of L. Ullevifjärden 
may be due to the slight exposure of the shore. Fine sediments, but only in 
thin layers, occur, and are interrupted by blocks or gravelly regions. In the 
uppermost littoral of Ekoln the samples were taken in the offshore border 
of the belt of Phragmites in bottoms with organogenic sediments in different 
stages of decomposition.

In Ekoln the distribution by weight agrees on the whole with the distribu­
tion by individuals and emphasizes the differences between littoral and pro­
fundal in this lake and, at the same time, the differences from L. Ullevi­
fjärden. The great weight within the 10-metre zone in Ekoln is, however, 
largely attributable to the occurrence of a specimen of Viviparus viviparus 
L., which by itself weighed about 11 grammes.
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Table 1. The bathymetrical distribution of bottom animals in 
L. Ullevifjärden and Ekoln.

Depth, m
Number, ind./sq. m Weight, grammes/sq. m

L. Ullevifj. Ekoln L. Ullevifj. Ekoln

1 .......................................... 3,960 14,864 32.3 (93.1) 7.6
5.......................................... 7,084 4,730 16.5 3.4 (255.3)

10.......................................... •--- 6,849 — 16.1
17.......................................... 4,708 — 21.3 —
31.......................................... — 26,130 — 18.0

Total ................................... 5,390 13,143 22.9 11.3

Figures within brackets incl. Dreissensia polymorpha.

Table 1 also shows the average abundance and biomass of animals for
the entire material. The circumstance that in L. Ullevifjärden the average
weight per individual is four times greater than in Ekoln is due to the dif­
ferences in the qualitative composition of the fauna in the two lakes.

Quality. The fundamental difference between the faunas of the two lakes 
appears in Table 2.

The bottom fauna can be characterized as a crustacean fauna in L. Ullevi­
fjärden and as an oligochaete fauna in Ekoln. In relation to these animal 
groups the share of the insects is limited in both lakes. Molluscs, too, are 
relatively few, although they are important with regard to weight.

From the point of view of abundance as well as weight the upper littoral 
of L. Ullevifjärden is dominated by insects and gastropods, the Cladophora 
carpet of the lower littoral by isopods, and the profundal by ampipods. 
In Ekoln the oligochaetes, mainly Tubificidae, occupy a dominant position

Table 2. The balance between the main groups of bottom animals in 
L. Ullevifjärden and Ekoln. In per cent.

Number Weight (excl. Dreissensia)
L. Ullevifj. 1 Ekoln j L. Ullevifj. j Ekoln

Insecta excl. Chironom....................... 10.4 2.6 7.6 3.8
Chironomidae....................................... 7.0 8.3 1.1 8.4
Amphipoda-Isopoda .......................... 61.6 0.5 61.7 1.4
Cladoc. + Copep. + Ostrac................... 3.7 5.0 < 0.1 < 0.1
Gastropoda ............................................ 4.3 0.7 26.6 28.0
Lamellibranchiata.............................. 2.0 0.7 0.4 1.7
Oligochaeta............................................ 10.2 74.1 1.9 53.2
Hirudinaea ............................................ 0.6 0.4 0.7 2.7
Hydracarina ......................................... 0.2 0.3 < 0.1 < 0.1
Nematoda .............................................. --- - 7.3 ---- 0.7
Hydrozoa................................................. — 0.1 — < 0.1

100.0 100.0 100.0 100.0



52 TOM AHBÉN AND ULF GRIMAS

in all depth zones. Their importance grows with increasing depth, their 
percentage of the total number of animals being 31 at 1 metre, 67 at 5 metres, 
79 at 10 metres, and 99 at 31 metres.

Of the four important main groups of the fauna, the position of the in­
sects, in particular depends upon the season having regard to the emergence 
in the summer. The chironomids are usually the most important group. In 
Ekoln they occur in an average density of 1,088 ind./m2, and belong to a 
great extent to the main group Chironomini, including among other the 
group Chironomus thummi-bathopilus. The lack of exuviae upon the surface 
of the water and of swarming along the shores at the time of the sampling 
(May), together with the frequency of pupae in the material, indicates that 
at the time of the sampling emergence had not yet taken place in Ekoln. 
Investigations in lakes of southern Sweden point in the same direction; 
there the majority of the chironomids leave the bottoms in the period June— 
August (Brundin 1949). In samples taken in Ekoln in October 1964 at a 
depth of 20 metres the chironomids constituted only 7 per cent of the fauna, 
while 88 per cent were oligochaetes.

In L. Ullevifjärden the major insect larvae are more numerous than the 
chironomids, which show an average abundance of 374 ind./m2 and are 
represented mainly by species belonging to Tanypodinae and Tanytarsini. 
Even if it can be estimated that the majority of the chironomids of L. Ullevi­
fjärden are represented in the bottoms in October (cf. Brundin 1949), there 
nevertheless exists a possibility that part of the young populations has been 
lost in the sifting. A correction of the balance of the fauna in favour of the 
insects is therefore justified. Such a correction would probably not affect 
the characterization of the fauna as crustacean.

The remaining insects in L. Ullevifjärden are species of Ephemerida, 
Trichoptera, and Coleoptera. As examples we can mention Ephemera vul- 
gata L., Caenis moesta Bengts., Centroptilum luteolum Müll., Molanna 
angustata Curt., Cyrnus sp. and Leptocerus sp., and also Deronectes de- 
pressus Fabr. and larvae of Helmiini. In Ekoln these big larvae are less 
numerous and restricted to the littoral, e.g. Caenis horaria L., Cyrnus fla- 
vidus Me Lachl., and Molanna angustata. Towards greater depths we find 
Chaoborus crystallinus de Geer and occasional ceratopogonids.

A very considerable proportion of the crustaceans in L. Ullevifjärden be­
longs to the marine-glacial relict forms Pontoporeia affinis Lindstr., Pallasea 
quadrispinosa Sars and Mesidothea entomon L. In addition to these, Asellus 
aquaticus L. is of importance.

The major crustaceans occur in layers of different depths. Mesidothea 
is found only in the profundal and Asellus only in the littoral, where it is 
particulary numerous in the Cladophora carpet. Among the amphipods Pal­
lasea has the greatest bathymetric amplitude for the season with the maxi­
mum development in the Cladophora carpet. Pontoporeia is most numerous
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Table 3. Oligochaetes from L. Ullevifjärden and Ekoln. The material has 
been identified by Dr. R. O. Brinkhurst, University of Liverpool.

L. Ullevifj. 0.3 m, October

17 m, October

Ekoln 20 m, October

28 m, May

Psammoryctes albicola Mich. 
Stylaria lacustris L.
Limnodrilus udkemianus Clap. 
Peloscolex ferox Eis.
Tubifex tubifex Müll.
Euilyodrilus haemmoniensis Mich.
Euilyodrilus haemmoniensis Mich. 
Aulodrilus pluriseta Piguet

Tubifex tubifex Müll.

in the profundal, where it completely dominates the fauna. Among the 
crustaceans in layers near the bottom must also be reckoned My sis r dicta 
Lov., which occurs in qualitative samples from the lower littoral and the 
profundal.

In Ekoln only isolated specimens of these crustaceans have been obtained, 
viz. young individuals of Pallasea at 1 and 10 metres, Pontoporeia at 
10 metres, and Asellus at a depth of 1 metre, My sis relicta, which was ob­
served by Ekman (1907), has not been encountered (cf. Gönczi 1962).

The gastropod faunas are similar in the littoral of the two lakes. The fol­
lowing are common: Limncea peregra Müll., Bithynia tentaculata L., Gy- 
raulus crista L. and G. albus Müll., Valvata macrostoma Steenb., V. cristata 
Müll, and V. piscinalis Müll. In the littoral of Ekoln, in addition to the 
species above Acroloxus lacustris L. and Viviparus viviparus L. have been 
encountered. The occurrence of Theocluxiis fluviatilis L. (about 80 ind./m2) 
in the upper littoral of L. Ullevifjärden stresses the character of the sampling 
station of an exposed shore.

Among the oligochaetes the ecologically tolerant species Tubifex tubifex 
and Euilyodrilus haemmoniensis occur in the profundal of both basins 
(Table 3). According to Brinkhust (personal communication) the absence 
of Limnodrilus hoffmeisteri in the material is remarkable. This species is 
otherwise common in most of the lakes investigated and is often established 
together with T. tubifex, E. haemmoniensis and Aulodrilus pluriseta (Brink­
hurst 1964).

4. Discussion

It can be supposed that in recent times the fauna of Ekoln has suffered 
changes parallel with the increasing pollution of the water through human 
intervention. As an example we can mention that in 1907 Ekman found 
20 species of planktonic crustaceans in the lake. According to Gönczi only 
5 species were found in 1962. Many indications suggest that originally the 
fauna of Ekoln agreed in many features with that of L. Ullevifjärden in
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our days. The two basins are situated within the same part of Lake Mälaren. 
Both basins started with eutrophic conditions with similar morphometric 
and climatological features.

The annual qualitative examinations of the fauna of L. Ullevifjärden and 
Ekoln exhibit good agreement with the results presented in this paper. For 
this reason the relatively limited quantitative material can be assumed to 
be roughly representative for the composition of the fauna in both lakes.

With respect to abundance, the littoral fauna of Ekoln does not seem to 
occupy an isolated position. For the month of July in the years 1940—41 
Puke (1948) reports for the littoral of Lake Mälaren an abundance of up 
to 10,500 ind./m2 in the Phragmites belt. Abundances greater than that of 
the littoral of Ekoln are not unusual in eutrophic lakes (Brundin 1949). 
The abundance in the profundal of Ekoln exceeds, on the other hand, the 
usual values in eutrophic lakes and points to conditions resulting from an 
increased eutrophy due to human agencies.

Within the littoral of Ekoln there occur species indicative of normal 
eutrophic conditions, e.g. in the gastropod and insect fauna. The diver­
gences from L. Ullevifjärden are, however probably more obvious during 
winter, when the littoral of Ekoln does not receive a comparable addition 
of large relict forms within the Crustacea. But the most important factor 
for the assessment of the status of Ekoln is supplied by the dominant posi­
tion of the oligochaetes in the whole basin and by its special conditions in 
the profundal.

Unfortunately only a few of the earlier examinations of the bottom fauna 
of Lake Mälaren have been published (Rosén 1915, Alm 1927, Puke 1948). 
None of these investigations has provided a picture of the fauna that agrees 
with the one given here for L. Ullevifjärden and Ekoln. A universal feature 
to be noted is that the chironomids, especially the species of Chirononuis, 
occupy a more dominant position in the fauna. For 1915—16 Alm reports 
the following relative distribution in the fauna of Lake Mälaren: Chironomus 
36—56, Oligochaeta 26—48, and Pontoporeia 6—15 per cent of the entire 
fauna.

The most reliable basis for a further discussion is the comparison with 
Rosén’s material collected in October 1913 in the profundal of Ekoln 
(Table 4).

Table 4. The relative abundance of some bottom animals in the profundal 
region (10—31 metres) of L. Ullevifjärden and Ekoln. In per cent.

L. Ullevifj. 1959 Ekoln 1913 Ekoln 1963

Amphipoda.................................... 72 8 1
Cliironomidae .............................. 9 70 3
Oligochaeta ................................... 15 21 95



THE BOTTOM FAUNA IN TWO BASINS OF LAKE MÄLAREN 55

w
so
60

00

20

0

Jm/bSpChimOltyecb. Jxptp.COirmÛügecO jfop&pxO?inmOZigoc?7.

L.Ulleviff. 1953 Skein 19f3 Skoln /963
Fig. 1. The balance between the important groups of animals in the profundal of L. Ullevi- 
fjärden 1959, Ekoln 1913 and 1963. Expressed as percentage of the total number of

individuals.

Rosen’s results show that 50 years ago the fauna of the profundal in Ekoln 
was dominated by chironomids, that amphipods (Pontoporeia) occurred in 
a certain measure, and that the position of the oligochaetes was limited.

A comparison of the results of the different investigations suggests the 
conclusion that in Ekoln there has been a gradual development from a 
crustacean fauna first to a chironomid fauna and finally to an oligochaete 
fauna (Fig. 1).

Many circumstances support the assumption that the observed development 
within the bottom fauna usually accompanies increased eutrophy. Dominance 
of oligochaetes has, for instance, been established in the polluted Lake 
Växsjö, where according to Brundin (1949) in October, 1943 the oligo­
chaetes made up about 60 per cent of the entire fauna. In Hamburg the 
oligochaetes form up to 100 per cent of the fauna of the canals which are 
polluted by sewage (Caspers and Mann 1961).

There seems to exist a certain relation between the exposure of the animals 
in the bottom and their degree of reaction. It appears that the big and mobile 
organisms in the bottom surface or in layers near the bottom are most sensi­
tive to the worse conditions resulting from pollution. Among these organ­
isms may be reckoned the marine-glacial relicts, but also numerous species, 
e.g. within the remaining crustaceans and insects of fair size. Worse condi­
tions in the sediments seem to afflict mainly the insects, which seem to be
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Table 5. The average abundance and biomass of the entire fauna and “fish 
food” organisms in L. Ullevifjärden and Ekoln.

L. Ullevifj. Ekoln proportions

Entire fauna, ind./sq. m..........  5,400
“Fish food” „ .......... 4,500
Entire fauna, g/sq. m.............. 22.9
“Fish food” ,, .............. 22.2

13,100 1/2.5
1,600 3/1

11.3 2/1
4.7 5/1

more dependent upon the surface layers, meeting the water than are, e.g., 
the oligochaetes.

The degree of exposure in the bottoms also influences the relations be­
tween the animals and their predators. The above-outlined development 
from a fauna of crustaceans via one of insects towards an oligochaete fauna 
implies a gradually diminished availability of bottom organisms as food 
and, in connection with this, a simultaneous reduction in the utilization degree 
of bottom animals as fish food (cf. Grimås 1963).

This connection between the exposition of the animals in the bottoms and 
their attitude towards different surrounding factors appears natural. Inter­
ference which submits the fauna to worsened environmental conditions has 
thus often the tendency of eliminating first of all exposed bottom organisms 
that are of importance from the point of view of production. By way of 
example we can mention the effect of the impoundment of lakes upon the 
qualitative composition of the bottom fauna (Grimås 1965).

The qualitative composition of the bottom fauna thus gives indications 
about the position of the fauna in the production chain of the lake, and can 
in many cases be interpreted as indicative of the status of the lake. Of prime 
importance for the capacity of the lake for producing fish is, however, the 
actual quantity of available food organisms, expressed by abundance and 
biomass. A comparison in this respect between L. Ullevifjärden and Ekoln 
is given in Table 5.

If insects, gastropods, and the larger crustaceans are reckoned as the most 
important fish food organisms, then the average density of fish food in 
L. Ullevifjärden is thrice that in Ekoln in spite of the fact that the bottom 
fauna of Ekoln is twice as rich in animals. If the weight of the bottom 
organisms is taken into account, the difference between the two basins is 
still further enhanced.

The results of the investigation lead to the supposition that, in spite of 
a much lower standing crop of bottom animals, the potential production of 
fish is greater in L. Ullevifjärden than in Ekoln. They also stresses the 
importance of the qualitative composition of the bottom fauna in any discus­
sion of the capacity of a water for the production of fish.
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5. Summary

1. The bottom fauna has been studied in two basins of Lake Mälaren, viz. 
L. Ullevifjärden and Ekoln, which resemble each other morphometrically 
and climatolog'ically but have undergone human interference to a dif­
ferent extent.

2. In L. Ullevifjärden maximum abundance is found within the littoral, 
and crustaceans, among them marine-glacial relicts, constitute an impor­
tant element of the fauna. In Ekoln maximum abundance occurs within 
the profundal, and the bottom fauna is dominated by oligochaetes.

3. A comparison with earlier investigations in Ekoln suggests a gradual 
development of the bottom fauna from a crustacean fauna first to an 
insect fauna and then to an oligochaete fauna, this development proceed­
ing in parallel with increasing pollution through human activity.

4. The connection between the exposure of the animals in the bottoms and 
their attitude towards different environmental factors is discussed.
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Food segregation between salmonoid species in 
North Sweden

By Nils-Arvid Nilsson

This thesis is a summary of 9 papers published between the years 1955 
and 1964. The different papers are referred to in the text by using roman 
numerals according to the following list.

I. 1955. Studies on the feeding habits of trout and char in North Swedish 
lakes. Rept. Inst. Freshw. Res. Drottningholm 36: 163—225.

II. 1957. On the feeding habits of trout in a stream of Northern Sweden. 
Ibid. 38: 154—166.

III. 1958. On the food competition between two species of Coregonus in a 
North-Swedish lake. Ibid. 39: 146—161.

IV. 1960. Seasonal fluctuations in the food segregation of trout, char and 
whitefish in 14 North-Swedish lakes. Ibid. 41: 185—205.

V. 1961. The effect of water-level fluctuations on the feeding habits of 
trout and char in the Lakes Blåsjön and Jormsjön, North Sweden. Ibid. 42: 
238—261.

VI. 1962 a. With T. Lindström. On the competition between whitefish 
species. In: The Exploitation of Natural Animal Populations, ed. Le Cren 
and Holdgate. Oxford.

VII. 1962 b. With U. Grimås. Nahrungsfauna und Kanadische Seeforelle 
in Berner Gebirgsseen. Schweiz. Z. Hydrologie XXIV (1) : 49—75.

VIII. 1963. Interaction between trout and char in Scandinavia. Trans. Am. 
Fish. Soc. 92 (3) : 276—285.

IX. 1964. Effects of impoundment on the feeding habits of brown trout and 
char in Lake Ransaren (Swedish Lappland). Verh. Internat. Verein. Limnol. 
XV: 444—452.

Some new material is added in Tables 1—7 and Figs. 1—3.

I. General survey of the problem

As is stated elsewhere in greater detail (I, VI, VIII) the present study is an 
attempt at demonstrating the situation that arises when two or more closely 
related species meet within the same area, especially with regard to their seg­
regation into different niches. Thus it is in line with earlier works on food 
and habitat selection (cf. e.g. Lack 1947, Svärdson 1949 a, Girb 1954). 
Svärdson (1949 a) pointed out in this context the connection between inter­
specific and intraspecific competition, stating that when interspecific com­
petition is intense the species tends to be restricted to a narrow range, the
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“optimum” of the species, whereas during periods when intraspecific compe­
tition dominates, the species also spreads out over marginal, less favourable 
areas. Brian (1956) made an important distinction between “selective seg­
regation” and “interactive segregation”. Selective segregation means a defi­
nite difference in habitat and/or food selection due to the species in question 
being ecologically isolated in the sense expressed, for instance, in Mayr’s 
(1951) species definition: “an aggregate of interbreeding natural populations 
which are not only reproductively isolated from other such aggregates but 
also ecologically specialized sufficiently so as not to compete with other such 
species“.1 Interactive segregation, on the other hand, means that interaction 
between the species forces them to magnify their differences in habitat or 
food selection. The interactive type of habitat segregation has for instance 
been demonstrated in fish as regards Atlantic salmon and trout (Lindroth 
1955, Kalleberg 1958). The mechanism working in this case is interspecific 
fighting for territories. Interactive food segregation in fish was experiment­
ally demonstrated by Ivlev (1961), who showed that the tendency of a 
species to prefer certain food items (as expressed by an “electivity index”) 
changed in the presence of a competing species (op. cit. p.p. 224, 225).

Evidences for selective segregation in fish have for instance been given by 
Fryer (1959) in the case of the cichlids of Lake Nyasa. There is a need for 
comparative investigations on the frequency of interactive and selective seg­
regation in the Arctic as compared to more tropical areas. The greater varia­
tion in the stomach contents in the Arctic pointed out e.g. by Nikol’skii 
(1962) might be reflected also in a high frequency of temporal overlap in 
food niches in this area, which also in general contains a “younger” fauna 
than the tropical ones. “Arctic and antarctic faunas are immature, still in the 
elementary stages of evolutionary ‘learning’” (Dunbar 1960).

The term of interspecific competition has been frequently used in the 
papers in question, mostly as an expression of an interaction between species 
populations that adversely affects natality, survival and/or individual growth 
in these populations (I, VI), which is a modification of the definition given 
by Odum (1953). The author agrees with Andrewartha and Birch (1954), 
Larkin (1956) and others that the term competition should be avoided, if 
more exact descriptions of the interactions in question could be used. Park’s 
(1954) and Brian’s (1956) subdivision of competition into the components 
of exploitation and interference has been especially useful in the present 
study (IV, VIII).

The importance of differential growth rate and resulting size distribution 
as a factor in ecological isolation has been stressed especially by Svärdson 
(1949 b) when analyzing the systematics and ecology of the Scandinavian 
Coregonus-species, but it is interesting to note that this principle has also

1 Author’s italics.
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been observed in primitive evertebrates such as the rotifers (genus Poly- 
arthra) (Pejler 1956).

It is obvious that the outmost complexity of the interactions within an eco­
system makes it very difficult to collect really significant data directly from 
nature. Very simple ecosystems with few species are in that connection to be 
favoured when trying to construct general models. The recently deglaciated 
circumpolar area is to be looked upon as such a favourable study object.

The present investigation was originally started with the aim of examining 
the changes in food habits resulting from the impoundments of the high 
mountain lakes of north Sweden. These lakes often contain just the two 
species of trout (Salmo trutta L.) and char (Salvelinus alpinus L.), in some 
cases also grayling (Thymallus thymallus L.), burbot (Lota lota L.) and 
minnow (Phoxinus phoxinus L.). The Norwegian experiences indicating that 
trout and char tend to compete when coexisting (Dahl 1920, Somme 1933, 
Aass 1960) and the data obtained by experimental studies (Svärdson 1949 
c) and the study of the food habits of coexisting trout and char in the 
Swedish lakes called for the investigation of lakes inhabited by just one of 
the two species (I, VIII).

The economic importance of the whitefish (Coregonus) in the majority 
of lakes below the arctic-boreal trout-char-lakes in northern Sweden and 
the palearctic “Coregonus-problem” (Svärdson 1957, 1958) also actualized 
a study of the feeding habits of three species of Coregonus (III, IV, VI).

The impoundment of some of the lakes in question which, above all, meant 
a considerable decrease in the available standing crop of bottom food (Grim- 
ÅS 1961, 1965) gave an excellent opportunity to study what happens when 
food, tempting to several competing species, is removed. The investigation 
was carried out as a part of a joint effort between several persons and insti­
tutions (cf. e.g. Svärdson 1957, Lindström 1962, Rodhe 1964, S. Runnström 
1964, Grimås 1965), which is one of the reasons why it could be restricted 
just to the problem of food segregation.

2. Material and methods
Test-fishing in remote areas are expensive operations, that in general can 

only be justified when more than one problem is to be studied. Most of the 
samples, consequently, have been taken in connection with test-fishing opera­
tions carried out for one or more reasons other than just studies of food 
habits. Above all, such lakes have been fished that were to be impounded or 
had already been impounded, and the material was mainly meant to support 
the submissions made to the Water Courts in connection with their 
treatment of matters of hydroelectric exploitation. The relatively small size 
of the material collected in lakes with allopatric populations of trout and 
char is one of the results of the abovementioned problem, besides that the
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number of such lakes is rather limited and they mostly are situated in very 
remote areas. In all, however, 21 lakes with allopatric trout and char, 14 
lakes with sympatric trout and char, and 2 lakes with whitefish have been 
studied. The stomach contents of more than 6,000 trout and char and 2,000 
whitefish have been analyzed.

To make the samples as equivalent as possible, there has during the whole 
time been an endeavour to make the test-fishing operations as similar as pos­
sible. As the fishing-technique developed, however, the methods were subject 
to some changes. Before 1950 the test-fishing thus was carried out with cot­
ton nets, but after 1950 nylon nets were successively introduced. From 1953 
on the composition of mesh sizes was also strictly standardized so that every 
gang of gill-nets consisted of the following nets and mesh sizes: 1 12r,2 1 16r, 
2 18r, 2 20r, 2 24r, and 1 36r. In the cases long series of test-fishing were 
carried out, the fishing was restricted to fixed stations (V, IX).

The method adopted as regards the stomach samples was taken over from 
earlier collectors of material. This was made necessary by the urgency of 
comparing data from a long series of years. The method involves a simple 
volumetric measurement by means of displacement of fluid (I). For com­
parison other methods have been used concurrently, for instance counting 
and dominance noting. Remarkably little deviation between the data obtained 
by different methods has been observed. The author agrees with Hynes 

(1950) and others that rather simple methods could be used, at least if the 
investigation concerns problems of behaviour rather than production. The 
tendency observed in many species of fish to select their food so carefully 
that often just one type, or a large fraction of one type of food is found in 
each stomach strengthens this view. It also reduces the value of the often 
repeated argument that different food objects show different rate of digestion.

3. The feeding habits of allopatric trout and char

The food of allopatric trout and char has been summarized briefly in 
tables 1 and 2 (cf. also I: Figs. 21, 22 and Table 13, VIII: Figs. 3, 5). It is 
evident from the tables that the main food categories of char are large crusta­
ceans (Gammarus lacustris) and molluscs, insect larvae and nymphs, (mostly 
Trichoptera, Ephemeroptera and Chironomidae) and insect imagines cap­
sized at the surface of the water (mostly terrestrial ones). The latter cate­
gory is especially marked in the case of Lake Korsvattnet which does not 
contain Gammarus. Just in one case has the consumption of Cladocera 
reached a level that makes one species a dominant food item (Holopedium 
in Skalvattnet, August 1960).

The food spectrum of the allopatric trout is very much the same, the main 
food categories being Gammarus, insect larvae (mostly Trichoptera) and

2 r = rows per aln (1 a/n = 0.59 m).
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terrestrial insects. It is remarkable that in three cases (Semningsjön, June 
and August 1962 and Parkajaure, August 1964) Claclocera (Daphnia and 
Bythotrephes) have been dominant food items.

As far as the material presented here allows a comparison between the food 
habit of allopatric trout and char, it may be stated that the similarities on 
the whole seem to be greater than the differences. Noteworthy is, however, 
an obvious preference for chironomid pupae in the case of char, for Trichop- 
tera larvae in the case of trout. Char also, according to the present material, 
show tendencies towards cannibalism that is not at all discernible in the case 
of trout. This observation is supported by observations in fish hatcheries. It 
should, however, be borne in mind that allopatric trout, because of the juve­
nile fish being separated from the adults through habitat segregation, would 
have few opportunities for feeding on small fish.

A quite different view is obtained when taking into consideration the 
“dwarf char” of Korsvattnet (Table 1, I: Fig. 22 and Table 13), which is 
slow-growing with a small average size and on the whole feeding on Clado- 
cera. This case brings us to the complicated and still unsolved problem of 
the occurrence of different species of char (cf. Berg 1948, McPhail 1961). 
In the case of Korsvattnet the two types of char do not only have different 
diets, growth rates and breeding habits, but the “ordinary” fast-growing char 
to a great extent also prey on the “dwarf char”.

4. The feeding habits of sympatric trout and char

Through a series of papers (I, IV, V, VIII) it has been pointed out that there 
is an obvious difference between the food of trout and char when the two 
species are coexisting. Tables 3 and 4, which are based on material from 
undisturbed lakes not previously published in connection with the discussion 
of the present problem, give further evidence for that view. A considerable 
temporal variation is, however, found. Although the author at present is 
not fully convinced of the validity of the discussion about the annual varia­
tions contained in paper no. I: p.p. 178—184, the fact still remains that 
such important variations exist.

The seasonal variations get especially interesting when taking into consi­
deration the degree of segregation, as expressed by the percentage of overlap 
in food consumed (IV: Figs 1—5, 7). A high degree of similarity in feeding 
habits seems to exist when one type of food, e.g. through mass developments, 
is superabundant (IV: Fig. 8), or when the prey fauna as a whole has a 
maximum degree of availability, in this case in spring and early summer 
(Grimås 1965).

A comparison between the food of allopatric and sympatric populations of 
trout and char gives further emphasis to these differences. The species dis­
playing the greatest displacement in feeding ecology from the allopatric to
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the sympatric situation is the char that allopatrically eats bottom or surface 
food, sympatrically Cladocera and copepods. This change from bottom and 
surface food to Cladocera and copepods is mainly valid for small-sized char, 
but is also discernible for larger fish (VIII: Fig. 5, Tables 5 and 6). The 
maximum consumption of these small crustaceans does on the whole not 
coincide with their maximum abundance in the lakes (I, IV, cf. Lindström 
1952, Axelson 1961, Grimås 1961, Lötmarker 1964).

The removal of bottom food resulting from the impoundment of lakes in 
the Swedish high mountains (Grimås 1965), causes obvious changes in feed­
ing habits of both trout and char (V, VIII, IX). In principle it implies an 
increased consumption of Cladocera and copepods in the case of char, of 
winged insects in the case of trout. The disappearance of a continuous supply 
of available food in spring, pointed out by Grimås (1961, 1965), should also 
result in an earlier segregation into different feeding niches in the impounded 
lakes. On the whole the removal of food results in increasingly restricted 
feeding niches during the whole season.

The food segregation is accompanied by a certain habitat segregation 
which mainly implies that trout are caught in shallow water close to the 
shore, while char are more pelagic (I: Fig. 14, V: Fig. 6). Recent experi­
ments with the test fishing with floated gill nets has revealed that this fishing 
method in trout-char lakes primarily catches char (Fagerström, Gustaf­
son and Lindström 1962, Runnström 1964).

The feeding habits of juvenile fish have on the whole not been discussed in 
the papers in question, with the important exception of paper no. VI, where 
the problems of the ecology of juvenile fish was treated by Lindström. In 
the case of trout and char the food of the young fish has little significance 
for the present problem simply because habitat segregation prevents indivi­
duals of the two species from contact with each other. It is true, how­
ever, that this may occur where char populations are found in running water 
(cf. Curry-Lindaiil 1957) but such populations have still not been subject­
ed to sampling.

Young trout in running water appear to consume large quantities of 
planktonic crustaceans carried out by the currents in the outflow of the 
lakes (II). In this context it may be worth mentioning that the size of the 
fish in all cases has appeared to be of great importance, principally implying 
plankton-feeding or feeding on small food objects in the case of small fish, 
larger food objects up to the size of prey fish in the case of large fish (I: 
Table 5, II: Fig. 4, III: Table 1, V: Tables 4, 5, 16 and 17, VI: Fig. 9, VII: 
Table 6, VIII: Fig. 5, IX: Fig. 3, 4, and 5.

5. The feeding habits of whitefish
The food segregation between different species of whitefish is in many 

ways similar to the trout-char relationships (III, IV, VI). The whitefish, how-
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ever, are, as compared to trout and char, extremely closely related, which 
makes the basic pattern of their feeding ecology still more similar. Conse­
quently the differential growth rate pointed out by Svärdson (1949 b) might 
in this case be of great importance for keeping the species populations seg­
regated.

The material presented in the present papers does not allow a close ana­
lysis of the mechanisms working in the segregation of whitefish. It is, how­
ever, known that there exists a rough correlation between the number of gill- 
rakers and food (III). Of the three species investigated C. peled has more­
over displayed a certain tendency towards a pelagic life with the feeding 
habits characterized by plankton (Bosmina) and surface food. The remark­
able dual existence of C. peled as dwarfed plankton-eater in Vojmsjön and 
fast-growing insect-eater in Storavan—Uddjaur, where C. lavaretus has taken 
over the role of plankton-eater, has been interpreted as a result of, among 
other things, differences in the physical conditions of the two lake systems 
(VI). The fact, pointed out by Norlin (1964), that the majority of the 
insects capsized at the surface of the water originate from the immediate sur­
roundings, and the great “gathering capacity” of a complicated shoreline 
support the idea that Storavan—Uddjaur should contain a relatively large 
bulk of surface food, which in turn would favour C. peled as a surface- 
feeder.

6. Feeding behaviour

It might seem a truism to state that the feeding behaviour of the fish 
certainly is one of the key mechanisms working in food segregation. It 
should, however, be mentioned that there exists a complex of other factors 
that influence and facilitate food segregation. One is temperature that in­
fluences different species of fish in different ways, depending on their optima 
(cf. Fry 1948, Graham 1949, Gibson and Fry 1954). A second is an innate 
tendency towards diurnal or seasonal migration observed in many species 
of fish (cf. e.g. Johnson 1961, Northcote et al. 1964). A third is the swim- 
bladder-function that is reflected in a differential ability for different species 
of fish to retain gas in the swimbladder when migrating from one depth to 
another (cf. Tait 1960 and personal communication). Different species of 
fish also show different ability to react to changing concentrations of chemi­
cals (e.g. C02) in water (Höglund 1961). No significant difference between 
trout and char has, however, been recorded (op. cit. Fig. 36). Trout, in com­
parison with the Salvelinus-species is known to have rather high values for 
temperature sensitivity (optima and mortality). This makes trout more of a 
shallow-water fish than char, which is known to be able to migrate from 
great depths to the surface of the water in a short time. A sample of char, 
for instance, caught at the depth of 30 metres in Blåsjön appeared to have
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stomach contents mainly consisting of newly caught imagines of Lycoridcie.
The mechanisms of food selection in fish have been carefully studied by 

Ivlev (1961). He showed, among other things, that food selection is influ­
enced by hunger motivation, which principally finds expression in a ten­
dency towards lesser selectivity during states of hunger. The density of the 
prey fauna and its degree of patchiness also influence the selectivity of the 
fish so that high density and high degree of “patchiness” cause the fish to 
select food more carefully than when the prey is rare or scattered.

On the whole every fish species has, judging from Ivlev’s experiments, 
a “ranking list” of preferred and avoided food types. It was, however, pos­
sible to change the order of the “ranking list” by conditioning the fish to 
certain food types. Ivlev called this process of learning to prefer food that 
was not inherently preferred “trophic adaptation”. In nature the obvious abi­
lity in fish to specialize on certain food types and rapidly, through learn­
ing, change to other types must be of great significance in the food segrega­
tion process (I, II, III, IV).

Fig. 1 illustrates an attempt at experimental testing of the reaction of fish 
(in this case Salvelinus namaycush Walb.) to a continuous change in the 
frequency of two food-types. One of them (liver cubes) appeared to be pre­
ferred before the other one (fish cubes). It is worth noting that the curves 
marking the consumption of food objects of the four experimental fish rise 
steeply as the frequency of the preferred food type increases, whereas the 
curves illustrating the consumption of the less preferred food rise more flatly. 
In other words the consumption curves for preferred food are inclined at 
the left, for less preferred food at the right. Innate preference is also indi­
cated by the maximum consumption of the food occurring before the maxi­
mum frequency is arrived at. Conditioned preference on the other hand, is 
indicated by the maximum consumption of the less preferred food occurring 
after the maximum frequency has been passed. It is easy to imagine that, 
presuming the experimental model has a correspondence in nature, such 
slight differences in preference may tend to segregate individuals of different 
species when food is in limited supply, even if the differences basically are 
very small. The experiment also displays a certain individual variation. For 
instance, the fish “A”, which was dominant, learned more quickly than the 
others to prefer liver cubes during the first 6 weeks when the experimental 
group was offered the two food types in equal frequency. This dominance 
reduced the opportunities for the other two fish to consume liver cubes. A 
similar limitation was displayed by the fish “D”, which was introduced into 
the tank 10 weeks after the other fish. It appeared that this individual, which 
in the experimental records gave the impression of having consumed very 
little food, after some time had learned to pick up food objects from the 
bottom of the tank.

The difference in feeding behaviour between trout and char have been
5
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Fig. 1. The response of four lake trout (Salvelinus namaycush) to the offer of two types 
of food (liver cubes and fish cubes) occurring in fluctuating frequency. Coarse line = liver, 

thin line = fish. Every point represents the average daily consumption per week.

pointed out by Fabricius and Gustafson (1953) (cf. VIII). Juvenile trout 
and char kept in aquaria display very similar food preferences, although 
some tendencies towards differential food selection can be discerned, especi­
ally when the supply of food is limited (VIII: Fig. 6). An important difference 
between the two species is the territorial behaviour displayed by trout in 
contrast to the more pelagic char. The pelagic life of char does, however, 
not seem to imply a schooling behaviour sensu strictu, and aggressive behavi­
our (“nipping”) has often been observed in captured groups (VIII, Table 7). 
It is interesting to note that the maximum frequency of interspecific aggres-
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Fig. 2. Increasing aggressiveness in trout and char kept together in aquarium after food 
has been introduced. The diagram suggests a weakened aggressiveness in char after the

trout having become dominant.

siveness has in all cases been observed in connection with feeding, being at a 
low rate just after an excess of food bad been introduced but increasing as 
the food was getting limited (VIII: Fig. 6, Fig. 2). A tendency towards a 
decrease in the number of attacks per time unit when the experimental group 
has been forced to dwell in the same aquarium for a long time has also been 
observed (Fig. 3).

These observations are in agreement with what MacPhee (1961) found 
in the case of coho salmon, Oncorhynchus kisutch (Walb.) and largemouth 
bass, Micropterus salmoides (Lacépède), Keenleyside and Yamamoto
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Fig. 3. Decreasing aggressiveness in trout and char kept together in aquarium during 18 
days. The diagram suggests a temporal increase in aggressiveness after two days of hunger.

(1962) in the case of Atlantic salmon, and Magnuson (1962) in the case of 
medaka, Oryzias latipes (Temminck and Schlegel). MacPhee also found 
that when food was first offered piece by piece, then dumped simultaneously 
on the water, dominant fish competed more strongly with subordinate fish 
than if the order was reversed, that is if the fish immediately got an excess 
of food. Magnuson stated that aggressive behaviour in the case of medaka 
is not a mechanism used in competition for space per se, but a mechanism 
which reserves a greater portion of a limited food supply. This seems accord­
ing to the present experiments also be true for juvenile char.
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7. Hypothesis

The material treated has presented the following phenomena as concerns 
the interrelationships of the salmonoid species examined:

1. Trout and char show considerable similarities in feeding habits when 
living in separate populations.

2. When coexisting in the same lake they are on the whole dissimilar, but 
a) they have similar feeding habits when food is in obvious superabundance 
and b) there is a tendency towards a more pronounced segregation when food 
is removed through the action of water-level fluctuations caused by hydro­
electric exploitation.

3. The introduction of char into pure trout-lakes has resulted in changes in 
the trout populations, above all implying a decrease in the individual growth 
rate of the trout (cf. Dahl 1920, Somme 1933, Schmidt-Nielsen 1939, Aass 

1960).
4. Similar food segregation has been observed in the case of three coexist­

ing Coregonus-species.
The size of the material, showing among other things that the phenomena 

are repeated from case to case in spite of other circumstances being altered, 
and the basically unaltered fishing method, exclude the possibility of the 
phenomena being results of some sort of biased sampling.

The author has argued for the hypothesis that the observed phenomena are 
mainly results of interaction between the fish species in question (I, III, IV, VI, 
VIII), but this view does not exclude the action of other factors that are not 
directly bound to feeding ecology but contribute to the general view as it has 
hitherto developed. One important problem is the specific or racial conditions 
especially existing within the char complex. The fact that the allopatric char 
population in Skalvattnet (which is the one most carefully analyzed) was intro­
duced from a trout-char lake, excludes the theory that all the investigated 
allopatric char populations consist of char species that are eliminated 
by trout when forced to compete with that species. It is in fact rather prob­
able that a great many of the allopatric populations of trout and char in 
Scandinavia are results of early human actions of carrying fish of one spe­
cies from lakes with mixed populations to empty lakes (cf. Ekman 1910). 
There is in any case an urgent need for further analysis of the systematics 
and ecology of the different sub-populations of char.

The action of temperature does not seem to be an important factor in the 
cold subarctic lakes, where the surface water rarely reaches the peak of 
12—15°C or more, and then just during a very short period in late summer 
(cf. Axelson 1961, Grimås 1961). It has also been found that trout and char 
often are caught at the same depths, even during periods of very marked 
food segregation (V: Fig. 6). The cold-stenothermal character of char and
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its ability to migrate from shallow water to great depths as well as a general 
pelagic character of behaviour, should, however, be helpful in keeping the 
species segregated when food is in limited supply.

The hypothesis adopted by the author is that the food segregation observ­
ed in sympatric populations of trout and char and different species of white- 
fish in North Swedish lakes is mainly a result of the exploitation of common 
resources and interference (IV, VI, VIII). Minute differences in food prefer­
ence could be magnified during periods of short supply through a combined 
effect of innate preference and conditioning (Fig. 1) ; that is food slightly 
preferred by one species in relation to the other is “scrambled” away before 
the other species has learned to use it.

The general experience, that during experimental conditions there is a 
correlation between the degree of aggressiveness and supply of food in several 
species of fish, among others, juvenile trout and char (Table 5, Figs. 2 and 3), 
supports the theory that aggressiveness may also play a part in the segre­
gation process. This does not necessarily presuppose a permanent aggressive 
behaviour, as subordinate fish should be able to learn the unpleasant nature 
of the dominants (cf. Fig. 3).

8. Fishery management implications

The general experience of the introduction of char into trout-lakes speaks 
in favour of the idea that the species combination, as far as arctic-boreal 
lakes are concerned, is unfavourable as growth rate is depressed by food 
competition. On the other hand, however, they at the same time share the 
resources in a way that relatively more organic production could be trans­
formed into fish flesh. “Standing crop per acre increases as the number of 
species increases or as the niches are filled” (Carlander 1955). It should 
also be stressed in this connection that the general view arrived at by study­
ing the interrelationships in the high mountain lakes treated here can not 
without further notice be applied to other types of lakes. For instance the 
south Swedish lakes have very different trophic standards, temperature con­
ditions, and general faunistic compositions.

The effects of impoundments are in the long run adverse to the fish 
(S. Runnström 1964). Especially in the case of whitefish the resulting slow- 
growing and smallsized fish are of little value for the fishermen. The idea 
has consequently arisen that a predator that better than trout could endure 
the changed conditions should be introduced in the ecosystem (Svärdson 
1956, VII). Studies of the food and growth of lake trout (Salvelinus namay- 
cush Walbaum) has indicated that this species might be suitable (VII), al­
though Canadian experiences (Cuerrier 1954) show that it is not always 
the case.
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Table 1. Food of allopatric char. Mean percentage of stomach volume.
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Skalvattnet
July I960 ............... — 3.1 8.9 58.3 28.4 1.3 112
August ................... 0.8 22.0 23.5 27.8 20.7 5.2 107
October 1960 .... 0.5 3.8 56.7 31.5 0.4 7.1 146

Korsvattnet
July 1943 ............... 5.0 7.3 2.7 36.8 45.5 2.7 30
July 1944 ............... 3.5 21.2 — 65.2 10.0 — 17
September 1944 . . 16.0 — 7.0 54.0 23.0 — 10
July 1945 ............... — 9.0 0.3 72.5 18.2 — 31
July 1947 ............... 4.5 13.1 — 17.7 64.7 — 44

“Dwarf char”
July 1944 ............... — 71.5 — 19.6 7.8 1.1 21
September 1944 . . — 41.8 4.4 U.2 4.8 4.8 24

Övre Oldsjön
July 1945 ............... — 15.5 0.9 66.3 16.7 0.7 39
July 1947 ............... — 19.4 3.6 67.5 8.9 0.6 29

Virihaure
July 1964 ............... 4.5 1.1 1.2 85.2 4.4 3.7 88

Allesjaure
August 1963 ......... — 22.5 65.9 8.8 2.2 0.5 75

Jofjället 3 1
August 1958 ......... — — 15.1 72.5 11.5 0.9 22

Jofjället 4 1
August 1958 ......... — 8.5 8.9 77.6 2.8 2.2 23

Tarraure 2
August 1964 ........... 0.1 9.6 40.0 45.1 1.5 3.7 74

1 Arnemo (1950).
2 Material kindly placed at disposal by Mr. Thorbjörn Sjöström.



FOOD SEGREGATION BETWEEN SALMONOID SPECIES IN NORTH SWEDEN 75

Table 2. Food of allopatric trout.

Fi
sh

C
la

do
ce

ra

La
rg

e c
ru

st
ac

ea
ns

&
 m

ol
lu

sc
s

In
se

ct
 lar

va
e

&
 ny

m
ph

s

In
se

ct
 im

ag
in

es
“s

ur
fa

ce
 foo

d”

M
isc

el
la

ne
ou

s

N
um

be
r o

f
st

om
ac

hs

Abelvattnet
July 1960 ............... 4.7 30.1 57.5 7.0 0.6 23
August 1960 .... — 17.6 38.0 20.5 23.4 0.5 95

Semningsjön
July 1946 ............... 15.3 49.0 35.0 0.7 10
August 1946 .... — 12.6 9.9 40.5 37.1 — 15
June 1962 ............ — 26.5 33.9 39.3 0.3 — 15
July 1962 ............ — 5.3 34.5 45.7 14.1 0.4 18
August 1962 ___ — 54.8 10.7 30.8 1.7 2.0 41
September 1962 .. --- • 22.6 25.1 43.8 6.8 1.8 85

Parkajaure 1
August 1964 .... — 90.9 4.3 1.1 — 3.7 51

Unna Parkajaure 
August 1964 .... — 29.8 18.7 41.0 5.0 5.5 15

Tåresjaure
August 1964 .... — 10.1 62.1 25.1 2.6 — 21

Piädnak
August 1964 .... — 33.1 21.9 42.3 2.6 — 8

Lastak a
September 1964 .... — 5.4 44.7 5.9 37.9 6.1 29

Lastak b
September 1964 . . — — 41.7 — 41.7 16.7 24

Lastak g
September 1964 .. — — 44.5 0.9 42.1 12.5 27

Lastak k
September 1964 .. — — 89.0 — 11.0 — 6

Vuoka a
September 1964 .. — 8.4 74.4 0.6 1.4 15.3 25

Vuoka b
September 1964 . . — — 73.6 1.4 1.2 23.8 29

Rovejaure
July 1964 ............ 18.3 81.7 16

1 Material from 1964 kindly placed at disposal by Mr. Thorbjörn Sjöström.
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Table 3. Food of sympatric char.
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Jormsjön
July 1944 ........... — 44.9 26.8 21.6 6.6 0.1 55
August 1945 .... 3.3 52.6 42.9 0.8 0.2 0.2 30
October 1945 . . — 41.5 13.3 — — 45.2 1 43
August 1946 .... — 7 0.1 2.6 14.0 13.3 — 30
September 1946 — 79.8 1.2 — 1.2 17.8 108

Ankarvattnet
July—Aug. 1959 -- - 48.4 41.5 10.1 — — 24
Sept.—Nov. 1959 — 55.9 41.9 2.2 — — 52

Kultsjön
July 1958 ........... — 60.8 — 20.9 16.9 1.4 25
August 1958 .... — 79.2 0.2 14.1 6.1 0.3 25
September 1958 . . — 83.3 12.7 3.4 0.7 — 25
October 1958 . . — 80.0 10.0 9.7 0.5 — 24

Ransaren
July 1954 ........... — 23.0 13.7 45.7 17.1 0.5 45
August 1954 .... 0.3 48.5 25.4 16.1 7.7 2.0 90
September 1954 3.5 63.3 18.8 2.7 11.2 0.5 57
October 1954 . . . — 40.6 45.1 10.8 3.3 0.2 69

1 Eggs of char.



FOOD SEGREGATION BETWEEN SALMONOID SPECIES IN NORTH SWEDEN 77

Table 4. Food of sympatric trout.
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Jormsjön
July 1944 ............ — — 29.9 48.7 21.4 — 49
August 1945 .. 5.6 24.2 65.3 4.9 — — 41
August 1946 .. — 9.6 29.1 42.2 18.6 0.5 59

Ankarvattnet
July—Aug. 1959 — 5.8 62.7 14.0 17.5 _ 52
Sept.—Nov. 1959 — 3.8 40.3 37.8 17.4 0.7 41

Kultsjön
July 1958 ............ 0.9 — 0.8 60.3 26.7 11.1 9
August 1958 .... 0.2 — 6.8 60.2 32.9 _ 6
September 1958 16.0 15.0 6.5 48 A 14.1 — 7

Ransaren
July 1954 ............ 4.0 — 10.8 20.3 64.6 0.3 71
August 1954 .... 3.9 1.9 11.7 28.1 54.2 0.1 88
September 1954 — 1.7 25.3 43.9 27.3 1.8 15
October 1954 .... 7.6 0.2 13.8 60.8 15.8 1.8 71

Table 5. The food of char of different size-classes in Lake Tarraure, August 
1964. Mean percentage of stomach volume.

151—200 mm

Size class 
3 4

201—300 mm 301—400 mm >400

Fish ........................ — 0.5 _ _
Eurycercus .......... 14.2 12.2 6.0 __
Lepidurus ............ — — 1.4 _
Gammarus ............ 31.6 18.0 37.9 64.3
Lymnaea .............. 7.8 8.2 4.6 _
Sphaeriidae.......... ---- 6.7 — _
Pulmonata ............ — _ 2.2 ___
Ghironomidae 1. 0.3 _ _
Dytiscidae 1........... 1.6 — — __
Ephemeroptera 1. 16.8 12.5 3.9 33.8
Tipulidae 1............ — — 0.9 __
Trichoptera 1. . . . 11.9 2.4 7.4 __
Chironomidae p. 1.6 24.7 17.9 0.5
Trichoptera p. . . 6.2 9.7 8.4 1.4
Trichoptera i. .. 1.3 — 0.1 __
Terr, insects .... 5.0 — 7.2 _
Miscellaneous . . 1.7 5.1 2.1 —
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Table 6. The food of char of different size-classes in Lake Virihaure, July
1964.

Size class
2

151—200 mm
3

201—300 mm
4

301—400 mm
5

> 400 mm

Fish ......................... 4.2 _ 100
Daphnia ................ — — 1.3 —

Eurycercus ............ 6.7 — — —
Gammarus ............ 13.3 0.4 — —
Lymnaea .............. — — 0.9 —
Chironomidae 1. . 10.6 26.9 21.5 —
Simuliidae 1............ — 2.2 5.3 —

Tipulidae 1............... — — 0.9 —
Ephemeroptera 1. — 0.1 2.9 —
Plecoptera 1........... — 0.2 0.2 —
Trichoptera 1. . . . — 0.4 2.2 —

Chironomidae p. 69.4 51.8 57.7 —
Trichoptera p. . . — — 1.0 —
Chironomidae i. . — 0.1 — —
Tipulidae i.............. — — 0.1 —
Coleoptera i........... — 1.4 0.2
Plecoptera i........... — — 0.1 —
Trichoptera i. . . . — — 0.1 —
Terr, insects .... — 4.6 3.1 —

Miscellaneous . . . — 7.7 2.5 —

Table 7. Number of intraspecific and interspecific attacks in an aquarium 
containing 10 juvenile trout (t) and char (c) counted during 15 minutes after 

food has been introduced (observation time=16 days).

Number of 
trout (t) and 

char (c)

Minutes after the introduction of food

1--3 4--6 7--9 10--12 13 — 15

t c t-t c-c t-c c-t t-t c-c t-c c-t t-t c-c t-c c-t t-t c-c t-c c-t t-t c-c t-c c-t

10 10 3 1 6 1 5 6 5 5 2 9 2 5 2 11 4 7
10 10 — 3 1 — 2 5 5 2 — 4 13 3 5 2 7 6 2 4 10 2
10 10 ____ 1 — — — 4 i 1 1 4 4 6 2 4 6 2 2 5 5 2
10 10 — 1 — 1 — — i 2 2 4 4 6 6 2 8 3 4 — 12 2
10 10 — 1 — — 1 6 2 6 2 5 4 4 2 5 8 2 7 3 8 4
10 10 1 1 — — — 7 3 3 4 6 6 2 2 1 8 4 6 6 4 —

10 10 1 2 1 2 1 2 1 — 2 4 6 1 5 o 11 — 5 2 5 3
10 10 — — 1 — — — 3 — 4 2 4 — 5 3 4 — 2 2 2 —

10 10 1 — 3 1 3 — 8 — 6 3 1 — 1 1 1 2 3 — 3 —

10 10 — 1 1 — — 4 1 1 2 1 4 4 2 1 5 3 1 — 6 5
10 10 — 1 — — 2 2 4 — i 3 6 4 4 3 6 3 2 3 7 2
10 10 — 4 1 — i 5 5 1 i 2 5 1 2 2 3 — 3 2 4 1
10 10 ____ — '------ — — 4 4 — 2 1 5 1 4 — 4 — 4 1 3 —

8 10 — — — — — — — — — — — — 2 4 1 — 2 2 2 —

7 10 1
1

—
7 10 — — — — — — — — — 1 — — — — — — — — ---- -

Sum 3 18 8 5 10 45 39 22 28 45 68 37 44 40 74 30 45 41 75 28

21 13 55 61 73 105 84 104 86 103
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1. Introduction

The background to the present attempts to transplant Mysis relicta is the 
extensive exploitation of the Swedish inland waters for hydro-electric pur­
poses and the effect of this on the freshwater ecosystems. The influence of 
lake impoundment upon the bottom fauna in Northern Swedish lakes has been 
studied by Grimas (1961). He established a quantitative reduction of the 
bottom fauna, especially within the annual amplitude of the water level. 
A qualitative change appears simultaneously — this, too, being to the dis­
advantage of the fish. After the impoundment, species that are less available 
and less valuable as fish food constitute the greater part of the biomass 
(literature reviewed by Aass 1958, Lindström 1962, Nilsson 1964, Rodhe 
1964, Runnström 1964, Grimas 1965). Since most impounded lakes are 
situated above the highest postglacial shoreline it is natural that the need 
for new food organisms should be supplied by the introduction of glacial- 
relict crustaceans, especially Mysis relicta, Pallasea quadrispinosa Sars and 
Gammaracanthus lacustris Sars (cf. e.g. Ekman 1920, Holmquist 1959, 
Segerstråle 1957, 1962).

The importance of introducing suitable evertebrates as fish food organisms 
in freshwater has earlier been pointed out by Dahl 1915, Huitfeldt-Kaas 
1916, Sömme 1936, Mathisen 1953 in Norway, by Clements et. al. 1939, 
Larkin 1951, 1952 in Canada and by a great many authors in the Soviet 
Union, among others Uzva 1936, Karpevic 1948, 1960, 1962, Gerd 1954, 
Gordjejev 1954, Markovskij 1954, Grese 1955, Piroschnikow 1955, Krug­
lova 1957, Zuravel 1958, Joffe 1958.

The only known instance of a successful introduction of Mysis relicta is
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Table 1. Transplantations effected up to the end of 1961 by the Institute of 
Freshwater Research. The transplantations of 1954 were led by K. J. Gustaf­
son, 1957 by K.-J. Gustafson and H. Löffler, 1959 by N.-A. Nilsson and 

S. Dahlquist, 1960, 1961, 1964 by M. Fürst.

Year From Lake To Lake Species Number

1954 Mälaren Storsjön (Härjedalen) Mysis relicta 200
1957 Vättern Torrön Mysis relicta 20 000
1959 » Anjan Mysis relicta 20—30 000

» » Pallasea quadrispinosa 1 A few»
» » » Gammaracanthus lacustris 11 of each

1960 » » Mysis relicta 25 000
» : » Pallasea

Gammaracanthus
J- 2 000

» » Lillrönningen in Ivall Mysis relicta 2 000

;; i » » '>
Pallasea
Gammaracanthus

j- 200

1961 Mälaren Kvarnbergsvattnet Limnocalanus macrurus 5 mill.
» » Tarn at Skalstugan (0.25 ha) Mysis relicta 1 000
» Vättern Anjan Mysis relicta 0.5 mill

j* » » Pallasea
Gammaracanthus

j- 5—8 000

» Mälaren Lill-Tannsjön, Sollefteå (100 ha) Mysis relicta 25 000

that from Kootenay Lake in British Columbia (Sparrow et al. 1964). Ricker 
(1959) has published other attempts at transplantation made in Canada. 
Linn and Frantz (1965) recently described an attempt at introducing My sis 
relicta into four lakes in California and Nevada. In the U.S.S.R. Mysis relicta, 
Pallasea quadrispinosa and Pontoporeia affinis have been transplanted sev­
eral times, but successes have been mentioned only in the case of other 
freshwater evertebrates, especially some Ponto-Kaspian mysides. The first 
introduction of Mysis relicta in Sweden was made by K. J. Gustafson 1954. 
Subsequently the following persons have taken part in the work in addition 
to the author: N.-A. Nilsson, S. Dahlquist, A. Gad, O. Hurtig, B. Ide­
ström, P.-O. Jonson and A. Klitgaard.

2. Transplantations effected up to the end of 1961 and 
aquarium experiments

The Institute of Freshwater Research, beginning in 1954, has made the 
following attempts to introduce new fish-food organisms (Table 1). In Lake 
Vättern the animals were always collected in filterbasins used for the puri­
fication of the lake water for municipal purposes. Especially during winter 
the catches were good and before the trawl was constructed this was the 
only practicable way of procuring enough animals.

After 0.5 million Mysis relicta had been transported 900 km by lorry to 
Lake Anjan in 1961, a survival check was made. All the animals were found
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Table 2. Mysis relicta. Survival in cage experiments without preceding accli­
matization. The electrical conductivity was measured at the surface at the 

time of the experiment, (cf. Fig. 4).

From lake with 
X2ol06

To lake with 
>C20lO6

Number of 
tets

Number of 
animals

Observation 
time in days Survival

Mälaren 170 Kallsjön 23 3 130 3 none
» 170 Storsjön 23 1 30 2 »
» 170 Landösjön 19 2 50 3 »

Vättern 95 Kallsjön 23 1 ? 3 »
Gesunden 38 Hottöjen 30 1 30 30 i?ood

» 38 Storsjön 23 1 40 85 »
» 38 Kallsjön 23 1 40 37 »
» 38 Torrön 17 1 10 30 »
» 38 Anjan 22 1 10 30 »

Betarsjön 28 Blåsjön 22 1 40 60 »
» 28 Storuman 38 1 40 40 »

Vättern 95 Mälaren 170 1 35 124 »
Mälaren 170 » 170 1 50 306 »
Vänern 60 » 170 1 25 16 none

to have died in the lake. Analysis of the cause of this was necessary; aqua­
rium experiment pointed to a difference between the electrolyte content of 
the lakes as determining the lethality (Table 2). In these experiments water 
from two lakes, viz. Anjan and Vättern was mixed in different proportions. 
It was found that lethality increased the greater was the difference as re­
gards the electrolyte content of the water into which the animals were put. 
Distilled water mixed with lake water was also used for comparison. These 
aquarium experiments which were of a preliminary nature were hampered 
by the fact that the milieu influenced the lethality.

Improved techniques may in time make possible a more complete analysis 
of lethality levels also after acclimatization.

3. Test cages

To avoid the difficulties connected with aquarium experiments and with 
a view to simulating the circumstances at the planned transplantations, the 
experiments were moved out into the lakes. The test cages used then were 
of the following simple design evolved after several years’ development. A 
five-litre plastic pail fitted with a lid in which some ten holes have been 
bored makes the frame of the cage. In a number of apertures in the sides 
of the pail is a soldered terylene net with 1 mm meshes (see Fig. 1). Placed 
at a depth where the temperature is not too high, Mysis relicta can survive 
in the cage for the whole of its normal life cycle. Copulating and breeding 
occurs, though not at the normal frequency. These cages made it 
possible to do practical tests (see Table 2) at which aquarium results were 
confirmed. In the impounded lakes the tests were broken off after one to 
three months depending on ice, storm etc.
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4. Technique of capture

The requirements of an instrument for capturing My sis relicta (and Pallasea 
quadrispinosci and Gammaraccinthus lacustris) are as follows. Such an instru­
ment must:

a. catch a great many animals,
b. not damage the animals,
c. be easy to handle, usable in small boats, and collapsible,
d. not dig down into the bottom sediment.
Fig. 2 shows the type of beam trawl designed in accordance with 

these requirements. Because Mysis relicta is not caught at higher levels above 
bottom than 20 cm in daytime the height of the trawl can be limited. The 
materials are aluminium and steel or iron in the beam. For surveys one 
metres breadth and one millimetre meshes are used. On the beam a square of 
aluminium cutting downwards into the water can be fastened. In mass cap­
tures a two-metres trawl without this square is used. Two-or three-millimetre 
meshes are used depending on the size of the animals and the occurrence 
and kind of sediment. The net is made of »terylene-gardisette» which offers 
very little resistance to water. The cod end is made of material with a mesh 
so fine that the water goes through it slowly, and the animals assemble 
there without being pressed too hard against the material. The trawl is 
dragged slowly by outboard motor or by rowing (towline not thicker than 
4 mm). Too high a speed seems to injure the animals, but this is mostly 
not visible until twenty-four hours afterwards, when abdomen usually ap­
pears white as a result of the injury. The handling must be gentle and all 
the time in water, but even so some mortality always appears. The time for 
one haul varied between 5 and 15 minutes. Up to 30 000 Mysis relicta were 
caught in one 5-minute haul using the one-metres trawl.

5. Storage and transportation of the animals

Before transport the animals have to be collected and stored in a chest. It 
is important to be able to fill and empty the chest in a simple manner without 
injuring the animals. The collapsible chest is made of “Dexion” aluminium 
profiles and strong one-millimetre fibre-net mesh, dimensions: 77X77X200 
or 300 cm. One end of the chest is covered by a large aluminium funnel 
(Fig. 3). The chest is floated pelagically or preferably, at a jetty. The animals 
are collected by means of a floating pail with a hole in its bottom and a 
plastic pipe down into the chest. On emptying, the light chest was raised 
vertically so that the animals went down with the water into a sack (1 mm 
mesh) tied around the funnel. Without being lifted above the water surface 
the sack was then put into a transport container. Experiments showed that 
maximum density and security in transport were attained by supplying 
oxygen distributed in very small bubbles.
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Table 3. Data on Lakes Jansjön, Gesunden and Blåsjön. A comparison is 
made with Lake Mälaren at Drottningholm. (See also Table 4 and Fig. 5)

Lake area
km2

metres
above

sea-level

highest
shore­

line
max.
depth

catching
depth

at relevant time 
and place 

X2olOfl pH

Jansjön 4.5 212.1 225 35 25—30 31 7.75
Gesunden 29.5 208 230 41 20—30 34—35 —

Blåsjön 39.96 435 — 147 — 22 7.60
Mälaren 1162.0 0.45 — 64 OC

M •----- —

6. Transplantations from Lakes Jansjön and Gesunden to 
Lake Blåsjön in 1964

Jansjön and Gesunden (see Table 3) are high-altitude relict lakes situated 
in the River Fjällsjöälven (a tributary of the Ångermanälven) and the River 
Indalsälven. The chief reasons why these lakes were chosen for the collecting 
was that they had a low electrolyte content and that no fish parasites were 
found in the crustaceans caught. Lake Blåsjön, where the introduction was 
made, belongs to the River Faxälven (tributary of the Ångermanälven). This 
lake is impounded with an annual amplitude of thirteen metres, and has 
been closely studied by Grimås (1961) and Nilsson (1961) especially as 
regards the damage caused to bottom fauna and fish food. The only fish 
species there are char and brown trout; consequently it was extremely im­
portant to check that no other species of fish were brought with the trans­
ports to Blåsjön, e.g. Acerina cernua, Lota lota or coregonids. The two species 
first mentioned were caught in the trawl, as was also Osmerus eperlanus, but 
they were easy to detect. Coregonids were never caught.

The transplantations were made during October and November 1964 partly 
because Mysis relieta was estimated to copulate at that time which would be 
valuable for a favorable result of the introduction and partly because of 
the low air temperature. At this time of the year detection of fish-fry is 
also easy. A disadvantage was that the capturing had to be broken off in 
Lake Jansjön on the 10th of November when the lake suddenly froze over. 
The catching work was immediately transferred southwards to Gesunden, 
which in its turn froze on the 19th of November. The copulating period was 
found to have only just started in Jansjön and Gesunden at that moment. 
The copulating frequency was found to be much higher in Mälaren than in 
these lakes at the moment of ice-formation (see Table 4, Fig. 5, cf. Table 3).

From both lakes there were transported about 1.65 million living Mysis 
relieta, 50—100,000 Pallasea quadrispinosa and not more than 2000 Ponto- 
poreia affinis. Counting the animals is very difficult and no really accurate 
method of doing this is yet known. A transport density during eight hours
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Fig. 4. Map showing lakes referred to in Tables 1, 2 and 3. 1. Mälaren, 2. Vättern, 3. Vänern, 
4. Gesunden, 5. Betarsjön, 6. Jansjön, 7. Storsjön, 8. Hottöjen, 9. Kallsjön, 10. Torrön, 

11. Anjan, 12. Blåsjön, 13. Kvarnbergsvattnet, 14. Storuman, 15. Landösjön.



86 MAGNUS FÜRST

Table 4. Number of pregnant females in relation to the time of the year, 
temperature and ice formation. Jansjön and Gesunden are compared with 
Mälaren (see diagram) where the decreasing percentage of males is also

given.

Lake Date
Temperature

°C
Depth

of
capture

Number
of

Mysis
relicta

Pregnant females 
in per cent of 

total number of 
Mysis

Number of 
Mysis relicta 
alive, when 

releasedcounted V2 year 
old

1 V2 year 
oldsurface bottom

Jansjön 21.10 5,7 5,7 30 155 0 1,1
» 28.10 5,1 5,1 30 648 0 1,8 0,80 million

10.11 ice — transport 637
container

1,2 19,2 0,50 »

Gesunden 14.11 1,9 3,5 34 233 0 2,4
» 19.11 ice 3,2 transport

container
133 0 1,6 0,35

+ 50—100.000
Pallasea 
quadrispinosa 
and 2000 
Pontoporeia 
affinis

100 -

APPEARANCE'' 
OF JUVENILES

PREGNANT FEMALES IN ' 
PER CENT OF ALL FEMALESMALES IN PER CENT 

■ OF ALL ANIMALS Å

FEBR. MARCH APR.
TIME OF ICE COVER

SURFACE.

Fig. 5. Diagram showing percentage pregnant females less than one year old and water 
temperature in Mälaren during the winter 1964—1965. Introduction of Mysis relicta 
would theoretically give most favourable results if made when females are pregnant.
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of 1.000 My sis per litre of water at 6°C, and oxygen supply, was possible. 
At a water temperature of 1—0° and an air temperature of —18° and conse­
quent formation of ice 700 Mysis and 100—200 Pallasea per litre were once 
transported during seven hours without an oxygen supply. During this transport 
the lorry with the containers was kept moving all the time in order to ensure 
oxygenation and to prevent the freezing of all the water. No mortality in 
connection with the transportation appeared — this was verified in cages. 
Forty chars were fished with gill nets during two weeks near the place of 
introduction in Lake Blåsjön, but none of them contained any of the intro­
duced food organisms.

7. Summary

1. The species Mysis relicta Lovén is euryhaline but the different popula­
tions in Swedish lakes seem to be stenohaline. (cf. Table 2). This circum­
stance complicates transplantation of Mysis relicta between lakes with 
different electrolyte contents.

2. A method was worked out making it possible to carry out transplanta­
tions of Mysis relicta, Pallasea quadrispinosa Sars and G ammar acanthus 
lacustris Sars in a simple way. It comprises test cages, a light beam trawl 
and a chest for storing the animals. (The chest is easily filled and emptied.) 
Transport can be effected at a great density with the use of oxygen supply.

3. A transplantation to Lake Blåsjön in 1964 of about 1,65 million Mysis relicta 
and 50—100,000 Pallasea quadrispinosa, using this method, is described.

4. All transplantations of fish-food organisms in Sweden made by the Insti­
tute of Freshwater Research before 1965 are published (cf. Table 1).
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The American crayfish Pacifastacus leniusculus (Dana) 
introduced into Sweden

By Gunnar Svärdson

Penn (1954) summarized the information regarding the spread of two 
American crayfish species, Orconectes limosus (Rafinesque) in Europe and 
Procambarus clarkii (Girard) in Japan and Hawaii.

The reason for the introduction of Orconectes limosus into Germany in 
1890 and France in 1894 was the economic consequences of the spread of 
the parasitic mould Aphanomyces astaci. This disease appeared in Italy in 
1860, in France in 1876, in Germany in 1878, in Russia in the 1880s, in 
Finland in 1893 and in Sweden in 1907. It is a most unusual parasite, since 
the mould kills not only its individual host but mostly, in a short time, the 
whole population of crayfish. Only rarely, and in small waters, have crayfish 
populations proved capable of recovery. In Sweden large bodies of water 
have had the disease chronically since 1907. The propagation of the disease 
in these cases is probably maintained by an intermittent downstream spread 
of crayfish from lakes situated above dams and streams, far away from 
the infested lakes. No alternative host has so far been found.

The exotic Orconectes in Europe proved to be resistant to the mould Apha­
nomyces. The size of this American crayfish, however, was rather small. 
This was especially important as regards the claws and the tail, the parts 
which are most esteemed. The flavour was also inferior to that of the Astacus 
astacus. Orconectes limosus proved to be a river-dwelling species, and to be 
able to stand modestly polluted water; it spread in an uncontrollable way 
and exterminated Astacus within a few years when the species met.

In Sweden crayfish are ceremonially eaten in August. They are considered 
a great delicacy and command high prices. The demand can not be satisfied 
without a huge import of crayfish from most other countries in Europe. 
A dense crayfish population in a Swedish lake will give the fishery-right 
owners (principally the land owners) a higher revenue than all the fish 
species of the lake taken together. Therefore, there is a strong pressure on 
the fishery authorities to intensify the scientific research on the Aphano­
myces mould and to introduce exotic resistant species like the Orconectes 
limosus.

The biologists within the Fishery Board of Sweden, however, have warned 
against the introduction of Orconectes limosus. Its inferior quality does not 
justify the obvious risks of wide-scale competition with Astacus even in 
areas which the disease has not yet reached and where the Asfacus-popula- 
tions are therefore intact. That competition is a risk with all crayfish species
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Fig. 1. A male Pacifastacus leniusculus from a lake near Stockholm. This specimen was 
brought to Sweden from California in the spring of 1960. When caught in August 1964 

its total age probably was seven summers. The match box is 5 cm (2 inches).



92 GUNNAR SVÄRDSON

is illustrated by the fact that the eastern Astacus leptodactylm has ousted 
the A. astacus in few years in many lakes and rivers of eastern and central 
Europe into which the leptodactylus has been spread by man (intentionally 
or by way of canals, etc.). The general distribution of the crayfish species 
of Europe also indicates wide-scale competition.

Preliminaries for introduction

In 1958 steps were taken to intensify research on the Aphanomyces and a 
specialist, Dr. T. Unestam of the Uppsala University, was employed for 
this work (c.f. Unestam 1964).

In the same year the present writer made a trip to the U.S.A. and Canada 
in order to survey possible candidate species for experimental introduction. 
He had the privilege of discussions with several specialists, among whom 
may be mentioned Professor H. Hobbs, Charlottesville, Virginia and Dr. 
C. W. Threinen, Madison, Wisconsin.

After careful consideration of the available information on a score of 
species, two were selected and recommended for further experiments, in 
Sweden, viz. Orconectes virilis (Hagen) and Pacifastacus leniusculus (Dana) 
(Svärdson 1959). The arguments were: Orconectes: lake-dwelling species 
of northern distribution. Probably resistant to the disease to judge from 
the close relationship to O. limosus. Flavour at least acceptable, since many 
Scandinavians in the Great Lake district have tested the species. On the 
other hand the size is small, (Threinen 1958) especially as regards claws 
and tail, and the general appearance of the species is rather strange to 
most Swedes. Pacifastacus: river- or lake-dwelling species on the Pacific 
slope, probably adapted to milder winters than the Scandinavian ones. 
Nothing known about resistance. Size medium or large, claws and tail large 
and compare favourable with those of Astacus. General appearance of the 
species similar to the Astacus. Accepted as delicious by Scandinavians in 
the vicinity of San Francisco.

These recommendations were submitted to the Fishery Board and to the 
governmental authorities. The decision was taken in 1959 that the two 
species in question should be experimentally introduced into Sweden. Co­
operation was kindly given by the Conservation Department in Madison 
(Dr. Threinen) and the Californian Department of Fish and Game. The 
crayfish were brought to Sweden in the spring of 1960.

Results
On June 21, 1960, 70 specimens of Orconectes virilis were released into 

a small lake near the town of Hudiksvall, at the Baltic coast of Sweden. 
The lake had been treated with rotenone in 1959. Its name has been kept 
secret, in order to minimize illegal fishing or transplantations.
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In spite of intensive fishing with crayfish traps in 1961—64 not a single 
specimen of the crayfish has been caught. It is concluded that this intro­
duction has failed. The reasons are not known.

On May 14, 1960, 56 specimens of Pacifastacus leniusculus were released 
into a small lake near the city of Stockholm. This lake, too, is situated close 
to the Baltic and its name has likewise been kept secret. Like the first 
mentioned lake, it had been treated with rotenone in 1959. It was inhabited 
by Astacus up to 1958 but this species disappeared completely, a fact which 
was not realized until after the rotenone treatment. It is not known whether 
the Aphanomyces disease (which is active in nearby lakes) was responsible 
or, possibly, the rotenone treatment. The former alternative seems the more 
probable.

In 1961 test fishing in November gave no result.
In 1962 nine of the introduced specimens were caught. They had grown 

to a considerable size. One young crayfish of 3 cm total length was caught 
by hand, in early October; others were seen, but the specific identification 
was uncertain.

In 1963 a further 23 introduced specimens, now of large size, were trapped 
and 29 crayfish which, to judge by their size, were born in the lake. It 
thus became evident, that the species had reproduced itself and also had 
the capacity to survive a rather hard winter.

In 1964, 8 specimens were caught and judged to be of the California-born 
group. These were very large, almost at the record size for Astacus, and 
weighed 150—220 grammes (Fig. 1.). If these crayfish were two years old 
when imported, their total age would be 7 summers. Such a high age is 
known for European Astacus but not for American species living east of 
the continental divide.

The Swedish-born progeny in 1964 was rich. In August 300 specimens 
were trapped, a figure equivalent to the previous annual capture of Astacus 
in the lake. The growth was good, the majority of those trapped being above 
the 90 mm legal size limit; some measured 200—120 mm.

Two objective tests were made in August on the comparative flavour of 
Astacus and Pacifastacus. They were performed by trained personel at 
food-research institutes in Stockholm and Gothenburg. Both tests gave the 
same result, that there was no difference in flavour.

Dr. Unestam has injected the Aphanomyces into Pacifastacus, which then 
died by the action of the parasitic mould. But the mould seems to be 
blocked in its power to resolve chitin by some natural substance from the 
Pacifastacus. Several other experiments indicate that Pacifastacus is natu­
rally resistant to the disease (Unestam 1964, 1965).

In 1964 new experiments were started, in other lakes, in order to study 
the interaction. Equal numbers of Pacifastacus and Astacus were introduced 
into a lake, that was new to both species. The distribution of crayfish along



94 GUNNAR SVÄRDSON

the shore of the first lake indicate that the habitat preferences of the two 
species are very similar (cf. Abrahamsson 1964). Competition, therefore, is 
expected to occur. Pacifastacus is probably more active in daytime, which 
may make it more vulnerable to predators like the perch (Perea fluviatilis).

References
Abrahamsson, S. 1964. Pågående och planerad forskning rörande ekologien hos Astacus 

astaeus (Linné) och Pacifastacus leniuseulus (Dana). Svensk Naturvetenskap 1964: 
306—316.

Penn, G. H. 1954. Introductions of American crayfishes into foreign lands. Ecology 35 (2). 
SvSrdson, G. 1959. Om nordamerikanska kräftor. Redogörelse byggd på en studieresa till 

USA och Canada 24 okt.—9 dec. 1958. 13 pp. Mimeographed.
Threinen, C. W. 1958. Summary of observations on the commercial harvest of crayfish 

in northwestern Wisconsin, with notes on the life history of Orconeetes virilis. Wise. 
Conserv. Dept. Fish. Div. Mise. Rep. 2: 1—14.

Unestam, T. 1964. Kräftpestproblemet (The problem of the crayfish plague). Svensk Natur­
vetenskap 1964: 317—327.

— 1965. Studies on the crayfish plaque fungus, Aphanomyces astaci. I. Some factors 
affecting growth in vitro. Physiologia Plantarum 18 (2).



The Coregonid Problem. VII 

The isolating mechanisms in sympatric species

By Gunnar Svärdson

Contents

I. Introduction .................................................................................................................................... 95
II. Material and lakes ........................................................................................................................ 96

Lake Kölsjön............................   96
Lake Stora Skeppträsket............................................................................................................... 97
Lake Åsnen........................................................................................................................................ 100
Lakes Uddjaur-Storavan............................................................................................................... 101
The Gimå River lakes..................................................................................................................... 104

III. Results ................................................................................................................................................. 105
Hybrid viability................................................................................................................................ 105
Hybrid fertility.................................................................................................................................  106
The correlation age (growth)—number of gillrakers .........................................................  109
Gillraker genetics............................................................................................................................. Ill
The premating isolating mechanisms ....................................................................................... 115

Stability of spawning periods ...............................................................................................  116
Size segregation...........................................................................................................................  116

The postmating isolating mechanisms.....................................................................................  119
IV. The whitefish species concept .................................................................................................... 120
V. Summary ......................................................................................................................................... 121

VI. References ....................................................................................................................................... 122

I. Introduction

In recent years several authors in Europe and North America have de­
scribed the coregonine fishes as groups of sibling species, evolved in allo- 
patric isolation during glacial periods. After the retreat of the glaciers, the 
incipient species met sympatrically. They are often capable of coexisting, 
sharing parts of the same environment. Sometimes, however, they cannot 
maintain their genetical integrity but form introgressed populations (Svärd­
son 1957 a, Lindsey 1963, Fenderson 1964). Some authors find that the 
introgression is due mainly to human interference by artificial propagation 
(Dottrens 1959) or changed environments through pollution (Karre 1964 b) 
or increased fishing pressure (Smith 1964). There are a few authors, how­
ever, who still adhere to a morphological species concept (Gasowska 1960, 
Reshetnikow 1963).

The tentative grouping of numerous coregonine forms, some of which 
were poorly described, into a few species (Svärdson 1957 a) served to 
prompt further information about forms well known in some parts of the
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Palearctic but less known in other regions (Gasowska 1960, Lindsey 1962, 
Reschetnikow 1963). The taxonomic aspect of whitefish variability, how­
ever, seems at present less important than its contribution to evolutionary 
thought. Mayr (1964) has stressed that introgression is a rare phenomenon 
in the animal kingdom. This is probably true. But the introgression of 
Coregonus is by no means unique, there are parallels in Salvelinus, Clupea 
and other well-known fish of economic importance. The slow understanding 
of introgression in forms so intensively studied as these indicates that similar 
phenomena may be widespread in lesser studied fish.

The species concept and the isolating mechanisms of the coregonid fish 
are the main theme of this paper. In Sweden it has been studied for decades 
by means of transplantations, hybridization and population experiments. 
Most of the experiments have been performed at the Kälarne Field Research 
Station, situated in the province of Jämtland in central Sweden. The Gimå 
River lakes, discussed in another section, have been selected for intensive 
population studies because they lie close to the Kälarne station. The rich 
material on scales and growth data, year-class fluctuations and competition 
will be left for further reports, apart from some details related to the main 
theme of this paper.

A dept of gratitude is owed to Mr. Elof Halvarsson, head of the Kälarne 
station, for his never failing interest in the experiments, for his skill in 
fishing as well as rearing fry to older fish and for his remarkable ability 
to transport fish alive through forests where there are no roads.

II. Material and lakes
Lake Kölsjön (Table 1). On November 11, 1947, Mr. E. Halvarsson strip­

ped eggs and milt of the Baltic whitefish (C. lavaretus) running the Indals­
älven river for spawning. In summer this species roams widely in the Baltic 
Sea (Lindroth 1957). The eggs were taken at Boda, some 50 km from the

Table 1. Gillraker distribution of C. lavaretus in Lake Kölsjön. The species 
was transplanted into the lake from the mouth of the Indalsälven river

in 1948.

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 n X
River Indals­

älven 1 1950—1953 2 8 14 35 60 78 79 60 54 36 15 10 4 -------455 31.0
Lake Kölsjön 1955 — — — 1 7 10 9 15 20 22 15 6 2 — — — -------107 30.8

„ 1956 — 1 — 2 4 8 8 20 14 15 13 8 5 1 — — -------99 31.0
„ .. 1958 — — — 3 10 13 23 21 20 16 4 3 — — — — -------113 29.9
,. ., 1961 — — — — 5 8 17 19 20 14 14 4 4 — — — -------105 30.7

1962 — -- - 1 3 6 10 13 17 12 16 12 11 2 1 1 — -------105 30.8
1963 — — — — 8 7 12 20 20 9 11 9 2 1 1 — -------100 30.7

„ „ 1964 — -- - --- 1 3 6 10 14 23 22 19 2 5 2 1 1 -------109 31.4
Lake Kölsjön 2 — 1 1 10 43 62 92 126 129 114 88 43 20 5 3 1 -------738 30.8

1 Includes material from Lindroth 11957).
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river mouth. The eggs eyed out at Kälarne in late January and on April 12 
some 185,000 eggs were put into Lake Kölsjön. They were distributed to 
several gravel parts of the lake’s shore, through the ice, and over a depth 
of 0.5—1.5 m. Some thousands were put into a small creek running down 
to the lake. It was estimated that hatching should occur in Lake Kölsjön 
about May 1, 1948.

Lake Kölsjön has an area of 3,500 hectars, an altitude of 800 metres and 
feeds the Kölån—Fjätälven river, a tributary of the Österdalälven. It lies 
200 km SW of the mouth of the Indalsälven; it is a mountain lake and 
offers the whitefish a colder and less nutritious habitat than the Baltic Sea 
does. The maximum depth of Lake Kölsjön is 17 metres and a considerable 
part of it has a depth of 10 metres.

There were no whitefish species in Lake Kölsjön in 1948. The survival 
of the introduced population was good and a lot of fish were taken in gill 
nets by the local inhabitants in the period 1949—1954. Scales have been 
sampled from 1955 onwards. The first spawning of the introduced white- 
fish stock was in the autumn of 1950 but the 1951 and 1952 classes were 
small. The 1953 class, however, was abundant. Growth is still excellent 
but will probably slow down as the population becomes more crowded. 
Grayling (Thy mallus thy mallus) has been ousted and perch (Perea fluvia- 
tilis) is reduced by the whitefish.

The Indalsälven stock spawns during the first half of November (Lind­
roth 1957) while the Kölsjön population spawns in the last half of October.

The samples recorded in Table 1 were fished by means of a standard 
set of gill nets of different mesh sizes. The same kind of standard set has 
been used also in some, but not all, of the lakes mentioned below.

Lake Stora Skeppsträsket (Table 2). This lake belongs to the system of 
the Malå river, a tributary of the Skellefte river. The small-sized whitefish 
of the lake (C. oxyrhynchus), called löja, has been dealt with earlier 
(Svärdson 1951, 1957 b).

Mr. R. Gydemo, fishery officer of the district, has fished the löja for 
many years. It spawns at Christmas time and there are often severe cold 
spells at this time of the year. In 1951 Mr. Gydemo hybridized the oxy­
rhynchus in Lake Skeppträsket with a bigger species (C. nasus) living sym- 
patrically in Skeppträsket but also allopatrically in the neighbouring Lake 
Brunträsket (cf. Svärdson 1951). For practical reasons, the spawning 
grounds being better localized, the Brunträsket population was used as the 
other parent of the hybrids. The eggs, numbering 5,000, were sent to 
Kälarne, where they hatched. In the spring of 1952, the fry was released 
in a small tarn, called Grästjärn.

There are no spawning grounds for whitefish in the Grästjärn tarn. Ripe 
fish, however, were netted by Mr. Halvarsson in the autumn of 1954 and 
7
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Table 4. Gillraker distribution of C. pidschian and C. peled in Lakes Uddjaur-
were introduced as

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

G. pidschian .... .. .Dec. 1953
C. peled............... . . . Dec. 1953
Fl N. Stensjön 0 +

1 +
11 +
IV +
V+

VI + 
VII + 

VIII +
IX +

2 FI
F2 Stensjön......... 1958

1959
1960
1961
1962
1963

2 F2

1 2 4 5 3 2

— 11—1

1
-—11

1

------------------------------------1 1 1 1 3

—------—----------------- --------- 611
—--------—-----------— 1 2 — 4 2
--------------- 1— 3 2 3
----------------------------------- --- 1 2 8
---------------------------------------------- 1 i 3 4
-----------------------------------  2 3 5 17 29

i3i 9 8 7
— 2 3 2

5 17 27 17
7 13 26 21
3 9 8 18

— — 8 15
— 1 4 3
— 1 1 4
— 1 1 2
18

1
10

53 86 89

15 14 9
4 4 3 3
7 15 12 6
3 10 12 11
7 5 9 16

32 49 50 45

in later years, and F2-fish were produced. The fry was again released in 
the Grästjärn tarn, as well as in the similar tarns Rörtjärn and Abborrtjärn.

Lake Åsnen (Table 3). This lake of 15,000 hectars, altitude 138 metres, 
lies in southern Sweden. It feeds the famous salmon river Mörrumsån. The 
lake is shallow, its maximum depth being only 14.2 metres. There is one 
whitefish species (C. oxyrhynchus), locally called running, as well as a cisco 
population (C. albula) in the lake. Their spawning periods partly overlap, 
a circumstance which prompted artificial crossings. Spontaneous hybrids 
between whitefish and cisco are difficult to identify, since they are confused 
with other whitefish species. In a few cases in other lakes, however, when 
the cisco lives sympatrically with C. pidschian, stray hybrids have been 
positively identified.

Mr. B. Johansson, fishery officer of the district, fertilized cisco eggs by 
whitefish milt in Lake Åsnen in November 1949. It was later found at 
Kälarne, however, that the fish were pure ciscoes. Probably the eggs were 
fertilized by sperm, swimming on the wet gill nets when the catch was 
brought to shore. This false »parthenogenesis» demonstrated what probably 
happened to the fish discussed by Melander and Montén (1950). Using 
particular care the experiment was repeated in November 1952. This time, 
real hybrids were formed. The fry was put into a small tarn in the Kälarne 
area, called Gravtjärn, where the fish could not spawn. Ripe fish were netted 
in the autumns of 1956 and 1957 and an F2 generation was produced. 
These F2 fry were first put into a further tarn, Ö. Vontjärn, but were later 
reared to fingerlings at Kälarne.
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Storavan, their FI hybrids and F2 generation in Lake N. Stensjön. The FI 
fingerlings in 1954.

30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 n X

__ 17 18.8
— — — — — — — — ------- — 1 — — 3 6 2 1 7 4 1 1 26 45.7
11 8 4 1 2 — — — — — — — — — — — — — — — — 56 29.0

5 4 — — — — — 16 29.4
19 12 9 4 1 ------- — — — — — — 112 29.1
16 12 5 2 3 — — — ------ - 107 29.0
14 13 10 6 1 ------ — — — — — — — — — — — — — — — 82 29.8
11 8 4 2 1 — ----- - — — — — — — — — — — — — — — 49 29.9

1 1 2 1 — — — — — — — — — — — — — — — — — 14 29.2
1 3 — 1 1 — — — — — — — — — — — — ------- — — — 12 30.1
2 1 — — — 1 — — — — — — — — — — — — — — •------ 8 29.8

80 62 34 17 9 1 — — — — — — — — — — — — — — — 456 29.3
___ - ____ ____ — _____ — — — 2 25.5
10 6 9 2 — — — — — — — — — — ------- — — — — — — 94 28.0

9 4 6 5 3 2 — — — — — — — — — — — — — — — 52 29.1
12 10 1 5 4 1 1 — — — — ------- — — — — — — — — — 83 28.7

8 12 6 8 3 3 2 1 1 1 — — — — — — — — — — — 92 29.7
17 23 12 5 2 3 ------- 1 — — — — — — — — — — — — — 109 29.7
56 55 34 25 12 9 3 2 1 1 — — — — — — — — — — •------ 430 29.1

In October 1957, 5,500 one-summer-old F2 hybrids were transported to 
Lake Öratjärn. This lake has an area of 35 hectars, a maximum depth of 
16 metres, and offers the hybrid whitefish X cisco a good feeding habitat 
and spawning grounds. Lake Öratjärn, which is situated in the royal forestry 
park of Gullmyrberget, is situated 5 km from the centre of Loos. In Lake 
Öratjärn the hybrid fish have to compete with pike, perch and some trout.

On September 27, 1958, 5,400 one-summer-old F2 hybrids were transported 
from Kälarne to Lake S. Stensjön, not far from Lake Öratjärn, in the forestry 
park of Turinge. Lake S. Stensjön has an area of 40 hectars and a maximum 
depth of 12 metres. The competing species are again pike, perch and trout. 
There are good spawning grounds for the whitefish X cisco hybrids in this 
lake.

All the samples from Lake Åsnen, and the tarns Gravtjärn and Ö. Vontjärn 
as well as Lakes Öratjärn and S. Stensjön are included in Table 3.

Lakes Uddjaur-Storavan (Table 4). In the upper part of the River Skellefte- 
älv, there are three large lakes, Hornavan—Uddjaur—Storavan forming a 
water area of 66,100 hectars. They are connected by short, open streams. 
The whitefish species of the lakes have been described earlier (Svärdson 
1953). The food competition between the species has been dealt with by 
Lindström and Nilsson (1962).

Mr. A. Nordin, then a member of the staff of the Freshwater Institute, 
trapped some ripe males of C. peled in the stream between Uddjaur and 
Storavan in November 1953 and kept them alive until C. pidschian spawned in 
Lake Storavan in late December. The fertilized hybrid eggs were sent to
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Table 7. Gillraker distribution in samples of (mostly) spawning C. pidschian, 
lings of pidschian and hybrids pidschian X oxyrhyn-

15 16 17 18 19 20 21 22 23 24 25 26

C. pidschian .......................... Febr. 1959 2 2 6 13 6 3 1
Jan. 1964 — — 1 1 4 7 5 ____ ____ _ _

fingerlings, 66 cm pond,
Febr. 1965 — — 3 8 7 6 3 4 _ _
Oct. 1964 — — 12 25 28 28 4 2

Kälarne ..............................
C. nasus .......................... Jan. 1956 — — 1 4 12 14 21 26 21 15 4

Oct. 1956 — — — — 2 4 4 — 4 1 3 2
C. oxyrhynchus ................. Febr. 1957 _ ____ _ _ _ 1 1

Jan. 1964 — — — — ____ ____ ____ ____

Febr. 1965 — — — — — — — — — — — —

C. pidschian, fingerlings Oct. 1964 — 6 23 99 196 197 136 44 12 1
102—103 mm, pond, Oct. 1964 1 1 21 87 175 218 143 41 8

Fl-hybrids pidschian X Oct. 1964 __ _ 4
oxyrhynchus fingerlings Oct. 1964 — — — — — — — ____ ____ _____ ____ i

107—108 mm, pond,
Kälarne...................................

Kälarne and 5,000 fry hatched in May 1954. They were raised to fingerlings 
in a pond and 3,500 were transported by car on September 30 (in an excep­
tionally early snowstorm involving blocked roads) to Lake N. Stensjön.

Lake N. Stensjön has an area of 125 hectars, and belongs to the Stensjön 
forestry park, Hogdal, in the parish of Los. The lake bottom is mostly gravel; 
the maximum depth is 18 metres. It offers the whitefish a good habitat and 
spawning grounds. Stunted perch dominated the lake in 1954 — they have 
since been reduced — and there were also some pike, a very few trout and 
many burbot.

The FI hybrids had a very rapid growth in the lake. They spawned for 
the first time in 1957. Thus the first year-class of F2 fish hatched in the 
spring of 1958.

The Gimå River lakes (Tables 5, 6 and 7). The whitefish species of Lake 
Idsjön, close to the Kälarne station, have been dealt with earlier (Svärdson 
1953). A very rich material of scales and gillraker counts has been taken 
from this lake. There are three species in Lake Idsjön (Table 5).

Lake Ansjön has also been sampled intensively, since it was found that 
there were two introgressed species in the lake. One is larger than the other, 
has fewer gillrakers and spawns closer to the shore as well as earlier in 
the season. The difference between the species, however, is slight and there 
are many intermediate fish and local populations (Table 6).

Lake Locknesjön is the largest of the lakes concerned and has three 
species of whitefish (Svärdson 1959). At first only two were found (Svärd­
son 1957 a) and then the gillrakers indicated an exceptional, small-sized
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C. nasus and C. oxyrhynchus in Lake Locknesjön, Gimå river system. Finger- 
chus, raised in ponds at Kälarne, are also included.

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

— — — — — — —--------------------------------- 1 1 1 3 3 6 1 4 1 1--------------—

— — — — 1 — — —------------------ 3 2 15 19 12 12 17 10 6 — — 1 —

— — — — — — —---------------------------------24 7 12 15 15 1:7 13 7 7 1 — —

— — — — — — —--------------------------------- 2 1 2 1 8 6 6 5 5 — 2 1 —

25 82 201 202 159 80 25

18 80 198 215 154 98 34

pidschian in the lake. Later, however, the real pidscliian was localized. Since 
gillraker distribution and spawning periods were suitable for experiments 
pidschian eggs were fertilized by oxyrhynchus sperm in February 1963. The 
parent species have such different gillraker counts (19 and 42 respectively) 
that every FI specimen could be identified even when raised together with 
true pidschian (Table 7). Heterosis could be studied when 3,500 pidschian 
fry were released with 3,500 hybrid fry in one pond at Kälarne in the 
spring of 1964. In autumn, a sample of 3,000 fingerlings was secured, pre­
served and later studied in the laboratory. The gillrakers of the fingerlings 
were counted by two technical assistants, working independently, in order 
to check the influence of the human factor also.

III. Results
Hybrid viability. It has long been known that artificially produced hybrids 

between coregonine species have a good viability. Gasowska (1958) cites 
several Russian authors on the subject, viz. Calikov, Tichij, Drjagin, Bere- 
zovskij and Nesterenko. Gasowska herself studied the hybrid between 
whitel’ish and cisco. In North America the same results were reported by 
Moenkhaus (1910) and Garside and Christie (1962).

In six experiments, hybrids have been produced between pairs of sympatric 
Coregonus species in Sweden. Two experiments were fully reported earlier 
(Svärdson 1957 a), while the other four have been followed up later (Tables 
2, 3, 4, and 7). These Swedish experiments prove, as do those performed
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abroad, that hybrid embryonic mortality is as low as that of intraspecific 
fertilization.

In the literature cited above there are some statements that the hybrids 
have superior growth and survival. This heterosis, however, cannot be proved 
with certainty until adjustment has been made for all the environmental 
conditions.

The whitefish species of Lake Locknesjön were suitable for such an 
experiment (Table 7). Thanks to the very different gillraker numbers of 
pidschicin and oxyrhynchus and their overlapping spawning periods, eggs 
of pidschicin females could be fertilized by pidschian as well as oxyrhynchus 
sperm. Since pidschian normally has considerably larger eggs, the reciprocal 
crossing would most probably give a less favourable relation between the 
myomeres of the fry and the amount of yolk in the hybrid fish. This might 
interfere with survival or growth (Garside and Fry 1959).

The same number of pidschian and hybrid fry were allowed to live and 
compete in a natural pond for one summer. Later two technical assistants 
at the Institute each independently studied a sample of 1,500 fingerlings:

Pidschian . 
FI hybrids

First assistant
Number 
of fish Rakers Fish-length

mm

Second assistant
Number 
of fish Rakers Fish-length

mm

714 19.6 102.3 695 19.7 103.1
786 29.9 107.2 805 30.0 108.0

There were slight individual differences between the two assistants in 
counting gillrakers and, especially, recording the total length of the fish. 
The heterosis effect, however, was significant in the two samples. The 
assistants found that the FI hybrids had a 10—16 per cent better survival 
and the total length of the hybrids was, in both assistants’ measurements, 
4.8 per cent greater.

Since most of the pre-adult mortality is passed when whitefish are one 
summer old, the result indicates that in nature the interspecific hybrids 
probably have a 10—20 per cent better survival than the parent species 
and a more rapid growth rate. This better growth may give the hybrids 
an earlier sexual maturity than that of the parent fish. In whitefish males 
the maturity comes after 2—4 summers growth, in the females one year 
later.

Hybrid fertility. Some of the authors describing the viability of the core- 
gonine hybrids have also commented upon their fertility, which was said 
to be good. In a general way this is no doubt true. Tables 2—4 demonstrate 
that an F2 generation could be raised in all three cases studied.

In Lake N. Stensjön (table 4) the introduced FI hybrids reproduced by 
natural spawning, and by means of scale-reading in the laboratory the 
FI fish could be separated from F2 fish. The gillrakers of 456 FI fish 
could be recorded and compared to the rakers of their progeny, comprising
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Table 8. Growth (total length in mm) as calculated from scales of FI hybrids, 
Lake N. Stensjön, in subsequent years. All fish belong to the 1954 year-class. 
Note that slow-growing fish were caught at higher age (Lee’s phenomenon).

Sample n. I II III IV V VI VII VIII IX N.
Stensjön

1955 ................ 17 157 (208) __ — — — — -— — —

1956 ................ 116 151 262 (317) —- — — — — — —
1957 ................ 71 148 255 329 (383) — — — — — —
1958 ................ 108 146 249 323 387 (419) — — — — —
1959 ................ 81 147 250 322 384 423 (443) — — — —
1960 ................ 47 155 256 321 384 423 447 (463) — — —
1961 ................ 14 144 251 323 383 424 446 464 (476) — —
1962 ................ 11 150 259 331 396 435 462 480 493 (498) —
1963 ................ 8 138 245 317 377 418 445 464 478 485 (485)

Average 473 149 254 324 385 423 448 469 486 485

430 F2 fish. The average was very nearly the same (29.3 and 29.1) respec-
tively. According to general Mendelian principles the distribution of gill- 
rakers should be broader in the F2 than in FI. This was also true; the 
spectrum of variation being 21—39 and 21—36 respectively. A X2 test on 
the gillraker distribution difference of FI and F2 gave a P of less than 0.001. 
A considerable genetical unbalance, therefore, of the more extreme F2 fish 
does not seriously affect their viability. The net fertility of the FI generation 
must thus be said to be good.

In Lakes S. Stensjön and Öratjärn (Table 3) the introduced F2 hybrids 
(of the cross whitefishX cisco) could by natural spawning produce an F3 
generation. Again, the F2 could be separated from the F3 by means of 
scale-reading, since all the introduced fish were of the same year-class.

Again, the average gillraker number is roughly the same (36.4, 36.9). If 
all the F2 fish had the same power of reproducing themselves, the distribu­
tion of gillrakers would have been the same in the two generations. How­
ever, this was by no means the case. The variation is much broader in the 
F2 than in the F3 generation. The difference is, as tested by X2, highly 
significant. The most extreme fish, having most unbalanced genomes, were 
thus not capable of reproducing themselves as were the fish with more 
balanced genomes. The fertility of the F2 generation is therefore reduced, 
though still fairly good (Fig. 1).

A more direct piece of evidence would be to introduce hybrids along with 
parent species, or FI along with F2 fish, in the same environment and let 
them prove their relative fertility in comparison. There are, however, prac­
tical difficulties in organizing such an experiment. One is the heterosis effect 
and another is the problem of assigning the fish to either category. The 
indirect evidence now at hand has demonstrated that the lower fertility of 
some hybrid fish will certainly work as a selection against hybrids in nature.

It might here be added, that chromosome irregularities seem to prevail
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20 22 24 26 2.8 30 32 3

C. oxyrhynchus * C. albula
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4 36 38 40 42 44 46 48
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Fig. 1. The gillraker distribution of hybrid whitefish. There is a tendency for fewer gill- 
rakers in F2 than in Fi. The variation is broader in F2. The lower fertility of the F2

gives a reduced variation in F3.
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Table 9. Growth (total length in mm) as calculated from scales of F2 hybrids, 
Lake S. Stensjön, in subsequent years. All fish belong to the 1958 year-class.

Sample n. I II III IV V VI VII VIII IX

1959 ......... ....................... 121 118 (214) _ _ _ _ _ _ ____

1960 ......... ....................... 105 113 225 (267) — — — — .— .—
1961 ......... ....................... 110 93 220 267 (290) — — — — —

1962 ......... ....................... 95 93 218 265 291 (306) — — — —

1963 ......... ....................... 57 92 218 264 290 307 (321) —- — —
1964 ......... ....................... 10 103 227 267 292 308 324 (341) — —

Average 498 103 221 266 291 307 324 — —

in many whitefish populations (Svärdson 1945, Kupka 1948, 1950, Karbe 
1964 a). It is suggestive to find this correlation between chromosome studies 
and the reduced fertility of unbalanced hybrid genomes in a group of species 
where introgression is of evolutionary importance.

The correlation age (growth) — number of gillrakers. It was shown earlier 
that the full adult number of gillrakers was not achieved when the fingerlings 
were 70 mm long (Svärdson 1950) but that this — in two ponds — was 
true when the fingerlings were of 100—120 mm total length (Svärdson 1952 
p. 218). Later Lindroth (1957) found that the rakers were first visible as 
small knots at a fish length of 20 mm and had the definite number at 100 
mm total fish length. Lindström (1962) proved the gradual increase of 
rakers in the fry and the possibility to identify three species when 80—100 
mm total length. The pidschian fingerlings in Table 7 provide further evi­
dence.

Apart from this ontogenetic phenomenon there is also a slight increase 
of gillrakers in adult fish of different ages, the older fish having more 
rakers. This is an apparent change, probably due to sampling errors and 
the selective power of fishing. The evidence comes from the sampling in 
subsequent years of one single year-class, in Lakes N. Stensjön, S. Stensjön 
and Öratjärn (Tables 3 and 4).

The combined samples from N. Stensjön in 1955—58, compared with the 
samples 1959—63 comprise 235 and 165 fish respectively, all hatched in 
the spring of 1954. The average gillraker numbers are 29.03 and 29.79 respec­
tively. The difference is highly significant (P < 0.0005).

The sample from Öratjärn 1960 compared with the samples 1961—64 
comprise 142 fish and 124 respectively, all hatched in the spring of 1957. 
The average gillraker numbers are 35.99 and 36.94 respectively. The differ­
ence is highly significant (P < 0.0005).

The samples from S. Stensjön 1960—61 compared with the samples 1962— 
64 comprise 201 and 166 fish respectively, all hatched in the spring of 1958. 
The average gillraker number are 35.99 and 36.72 respectively. The differ­
ence is significant (P = 0.005).
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Table 10. Growth (total length in mm) as calculated from scales of F2 
hybrids, Lake Öratjärn, in subsequent samples. All fish belong to the 1957

year-class.

Sample n. I II III IV V VI VII VIII IX

1960 ................................ 149 94 191 252 (285) — — — — —
1961 ................................ 75 82 188 249 289 (311) — — — —
1962 ................................ 44 86 191 255 296 321 (340) — —
1963 ................................ 2 77 199 256 299 325 356 (390) — —
1964 ................................ 3 83 185 252 294 317 341 369 (391) —

Average 273 89 190 252 292 321 347 369 — —

The very same tendency has been found also in other experiments where 
fish in tarns have been sampled in subsequent years. The reality of the 
phenomenon cannot be doubted.

There is a broad general correlation between growth rate and gillrakers, 
when different populations are studied (Svärdson 1952). Even within a 
population, an individual correlation may occur. To test this possibility the 
growth data of the whitefish from N. Stensjön, S. Stensjön and Öratjärn 
are given (Tables 9 and 10). The back calculation from the annuli on the 
scales was performed by the routine method used by the Institute. The Lee 
phenomenon is obvious, indicating that in all lakes the fastest growing fish 
(with fewer rakers) have been caught predominantly in their early life 
while the slightly slower-growing fish (with more gillrakers) have been left 
for capture in later years, i.e. when the fish are older. The environmental 
plasticity of growth is, however, also demonstrated in the material: the 
growth of the same F2 generation in Lakes S. Stensjön and Öratjärn is 
rather different. At four years of age both groups have the same length. 
But in Lake S. Stensjön growth is rapid during the first years, and then is 
inferior to that of Lake Öratjärn. When these growth data are Walford- 
plotted, the K is 0.65 for S. Stensjön and 0.36 for Öratjärn.

The growth rate is correlated with the diet of the fish. As a rule the more 
bottom forms that are eaten, the faster the whitefish will grow. The diet of 
the pidschian and the peled has been studied in Lake Vojmsjön (Nilsson 
1958) and in the lakes Storavan—Uddjaur (Nilsson 1960, Lindström and 
Nilsson 1962). Pidschian is mainly a bottom feeder while peled is a plankton 
feeder (Lake Vojmsjön) or a surface feeder (Uddjaur—Storavan).

The diet of the hybrids pidschianXpeled in Lake N. Stensjön was studied 
in 1964 (Table 11). The fish have been divided into two groups, those having 
22—28 gillrakers and those having 29—36. In Lake N. Stensjön the hybrids 
feed on the bottom fauna and plankton and are thus intermediate between 
their parent species. There is a slight tendency for the fish with more gill­
rakers to have fed on a more pronounced pelagic diet. They have taken 
more Bosmina, Daphnia and Holopedium and less Euryeercns than have
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Table 11. Stomach contents (as percentage of the total in those filled) of 
hybrid whitefish from Lake N. Stensjön in 1964. The general diet is inter­
mediate between that of the parent species. Fish with more gillrakers have 

a slight tendency to a more pelagic diet.

22—-28 gillrakers 29—36 gillrakers

August 1 September August ] September

Bosmina ..................................................... 3.2 _
Bythotrephes ............................................ 11.8 12.7 9.5 16.1
Daphnia ..................................................... — — 2.2 —
Eurycercus ................................................ 23.1 35.4 20.3 16.5
Holopedium.............................................. 26.2 16.4 31.5 27.8

Lymnœa ..................................................... — 4.8 — —
Planorbis ................................................... — 6.9 — —
Pisidium ..................................................... 1.0 0.2 0.4 —

Chironomidae l ....................................... — 3.4 6.5 0.2
Dytiscidae l............................................... + — 1.0 —
Trichoptera .............................................. — — — 4.4

Chironomidae p..................................... 15.1 10.6 11.1 9.5
Trichoptera p............................................ — — 0.4 —

Hydrachniidae.......................................... + 0.7 0.2 —

Terrestr. insects...................................... 1.6 5.9 0.6 16.0
Insect-remains ....................................... 0.3 — 0.4 1.3

Plankton-remains ................................... 20.6 3.0 6.3 —
Ephippium ................................................ — —* — 6.6

Plants, stones .......................................... 0.3 — 0.1 1.6

Algae (Nostac.) ..................................... — — 6.3 —

Filled stomachs ..................................... 23 10 22 11
Empty stomachs ................................... 10 2 4 —

the fish with few gillrakers. In September they have fed on terrestrial insects 
like their peled parent.

The conclusion of this section is that within a hybrid whitefish population 
the food habits and growth rates may differ slightly between fish with a low 
or a high number of gillrakers. Since fish with more gillrakers tend to roam 
about more pelagically, they grow slightly slower and are not caught so 
easily in bottom-standing gill nets along the shore as are fish with fewer 
rakers. Therefore, fish with more rakers tend to predominate among fish 
that are not caught until of higher age. When the rakers of subsequent 
samples are considered, fish of low age will tend to have fewer rakers than 
fish of higher age.

Gill raker genetics. »The number of gillrakers has, in principle, nothing 
to do with the question of how the whitefish forms should be understood» 
(Svärdson 1952, p. 229). Nevertheless they are of the utmost importance 
since they constitute the only morphological character so far proved not to 
be considerably modified by environment. The genetical basis of their num-
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V:;':

Fig. 2. Spawning whitefish from the mouth of the river Indalsälven. Bergeforsen, Novem
her 1964.
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Fig. 3. Spawning whitefish of the same stock, raised in a montain lake. Note the deeper 
bodies and darker backs in this environment. Lake Kölsjön, October 1964.

8
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ber is proved by transplantations, artificial selection experiments and their 
intermediate number in species hybrids. They therefore serve as genetical 
markers of populations. This importance is still more strengthened by the 
finding (last section) that their number is correlated to tendencies of diet 
and growth dissimilarities.

In the first analysis (Svärdson 1952) there were possibilities open for 
environmental modifications of some 1—2 rakers. Since then, however, there 
have been two findings that give raise to doubt whether any environmental 
modification does occur. The result of artificial selection in one natural 
population was two progenies with widely different gillraker averages (33.8 
and 38.3 respectively from a mother population of 36.0). (Svärdson p. 312 
1957 a.) Therefore, the founder principle must be taken in account when 
transplantations have been made. The thirty C. clupeciformis reared all their 
lives in captivity by Koelz (Lindsey 1962, 1963) had some 2—3 rakers less 
than the parent stock. This may, however, have been the result of uninten­
tional selection of some extreme parent fish when the eggs were stripped 
and fertilized. In other transplantations of few fish or eggs (Svärdson 1952) 
the genes of the parent stock may not have been adequately sampled.

In Table 1 the transplantation of 185,000 eyed eggs of the Baltic whitefish 
to Lake Kölsjön is reported (cf. Figs. 2 and 3). Since 1948 no certain change 
of the gillrakers has occurred. It is true that the average of the fish taken 
in 1958 is low. If this had been the only sample available from Lake Kölsjön 
a nongenetical modification would have been suggested. The 1958 sample 
is aberrant. It may be due to the performance of an un-trained technical 
assistant or, what is more probable, be the result of the age effect in samp­
ling. There were many young fish in this year’s sample (60 out of 114 fish 
were II + ).

When the founder principle and the age effect are considered, therefore, 
there is no evidence up to now that gillrakers have been modified in numbers 
by environment. Natural selection has not, in the first 15 years, changed the 
gillrakers of the Baltic whitefish transplanted to the quite different habitat 
of Lake Kölsjön. In natural populations the selection may tend to keep the 
gillraker number constant for long periods. Samples from Svärdson 1957 a 
(p. 343) and Table 2 illustrate this principle:

Lake Bullaren 1873 ...............................  33.1
Lake Bullaren 1954 ...............................  32.9
Lake Ringsjön 1872—1882 ..................  37.2
Lake Ringsjön 1952 ...............................  37.5
Lake St. Skeppträsket 1913 ................ 40.0
Lake St. Skeppträsket 1964 ................ 40.1

The result of artificial selection and the rakers in hybrids indicate that 
Ihe number of gillrakers is determined by numerous genes. In three cases
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the gillrakers of the FI generation can be compared to that of the F2 genera­
tion:

Fl F2 Difference Details in Table
38.6 36.4 2.2 3
33.5 31.4 2.1 2
29.3 29.1 0.2 4

3 
2
4

In all cases there is a drop in the average from FI to F2. In two cases 
the reproduction of FI was interfered with by man. The founder principle, 
therefore, may have been involved. However, there are two lakes and one 
tarn behind the 36.4 value for F2 in the upper line. Sub-samples of eggs 
were stripped in two different years. Yet, the averages are 36.4, 36.4 and 
36.3 (cf. Table 3). This indicates that the unintentional selection of atypical 
parent fish is probably not the whole explanation.

If the drop in gillraker numbers from FI to F2 is real, it might indicate 
that higher numbers of gillrakers are produced by more raker genes being 
added to the genome of the population. The principal difference between 
FI and F2 is mainly that the parental chromosomes are still maintained 
in the FI but are recombined by crossing over in the F2. The genetical un­
balance is greater in F2. If more raker genes are involved in producing 38 
rakers than in producing 29, the effect of unbalance and misfunction of 
the genes would reduce the gillrakers more in the 38-fish than the 29-fish. 
This seems to be the case.

Thus a third source of error is introduced into the problem of sampling 
whitefish for gillraker studies. A genetically more unbalanced sample may 
have fewer rakers and be wrongly interpreted as environmentally modified.

At present the genetics of the gillrakers is mostly speculative. But it must 
be argued that the gillrakers are so far the most suitable markers of white- 
fish populations, giving generalized information about the genetic status of 
the population concerned.

The premating isolating mechanisms. Mayr (1964) discussed the premating 
isolating mechanisms under three categories:

a. seasonal and habitat selection
b. ethological isolation
c. mechanical isolation.

There is, of course, no mechanical hindrance for fertilization in whitefish. 
The spawning was described by Fabricius and Lindroth (1954) and the 
main features of the spawning are complete promiscuity and no fighting, 
nipping, chasing, threatening, or other aggressive behaviour. »Actually, the 
whitefish seem to be the most peaceful species of fish we have ever watched» 
(op.cit.). Fish that have just spawned in the free water may snap up their 
own sinking eggs, and immature fish, or those of another whitefish species,
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may join the spawning group to feed on the eggs. Partners in incomplete 
spawning acts could be of the same sex as well as of opposite sexes. Even 
single specimens, males or females, could perform rushes towards the surface 
as when spawning. The spawning takes place in the evening, almost at dark. 
It is practically certain that a ripe fish of a sympatric whitefish species, 
feeding on eggs or otherwise being at the spawning place, may have a very 
good chance of producing interspecific hybrids. The ethological isolation 
must be said to be extremely poor.

More effective is the seasonal and habitat isolation (Svärdson 1949). Apart 
from the great bodies of water, like the Baltic, Lake Vänern, Lake Vättern 
and Lake Ladoga, the adult size of sympatric whitefish species is most often 
different. Size segregation is the basis for the fishermen’s keen eye on 
specific differences. Sympatric species usually have different names, given 
to them by the local population.

This size and seasonal isolation is illustrated by the material from the 
Gimå River lakes (Tables 5—7) :
Stability of spawning periods. The spawning period of whitefish is fixed by 
the proximate factors, light-sensitivity (photoperiod) and water temperature. 
The photoperiodism would tend to keep the species isolated. Water tem­
perature, however, may be fluctuating, locally as well as annually. Fabricius 
(1950) pointed out that C. pidschian spawned in different months in various 
parts of Lake Vojmsjön, and Svärdson (1953) that C. lavaretus spawned 
2—3 weeks earlier than average in the cold autumn of 1952, and that the 
spawning season is as long as 35—50 days in this population of Lake Idsjön.

When the Bure river whitefish were transplanted from the Baltic to the 
lakes in the parish of Malå there was no change of spawning time (October) 
while the native whitefish species spawned in December—January (Svärd­
son 1951). When, however, C. lavaretus from Lake Idsjön was transplanted 
to Lakes Öjingen and Målingen in the Ljusnan river system the spawning 
period was unchanged in Lake Öjingen but changed from October to Janu­
ary—February in Lake Målingen. The whitefish in Lake Kölsjön spawn 
somewhat earlier than the parent stock in the Indalsälven river.

The isolation of whitefish species by their spawning seasons is therefore 
no doubt of a certain albeit limited effect. Local and annual fluctuations 
in water temperature may influence the spawning and some males may be 
ripe months in advance of the females of the same species.
Size segregation. It seems somewhat paradoxical that size segregation is the 
dominant premating mechanism, keeping the sympatric whitefish species 
genetically isolated. Size, of course, depends on growth rate, the span of life, 
and the pressure of interspecific competition. Though there is a genetically 
based tendency for diet preferences, growth rate and span of life, all are 
exceptionally modified by environment, as transplantations have demon­
strated. In fact, it has been known from practical experience since the 18th
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Table 12. Age distribution and maximum size of C. lavaretus, sampled 1947— 
1963 in the spawning run from Lake Idsjön into the mouth of the Gimå river.

Sample 1 + 11 + III + IV+ V+ VI + VII + VIII +
Largest 

fish 
in cm

n

1947 ........... 6 27 9 3 2 1 _ (37.5) 48
1948 ........... — 3 81 12 1 — — — (34.5) 97
1949 ........... — -- - 101 233 8 — — 1 (37.0) 343
1950 ........... 1 — 4 35 23 — — — (29.0) 63
1951 ........... — — 43 94 32 30 1 — (37.5) 200
1952 ........... — --- 27 56 40 24 3 — (30.5) 150
1953 ........... — — 42 131 82 23 17 4 (32.5) 299
1954 ........... — 1 22 189 55 26 2 — (32.0) 295
1955 ........... — — 49 161 59 19 8 2 (36.5) 298
1956 ........... — — 209 69 15 4 — 1 (32.0) 298
1957 ........... — — 27 253 9 6 3 — (32.5) 298
1958 ........... — — 60 161 76 3 1 1 (31.0) 302
1959 ........... — — 9 169 95 27 2 1 (34.0) 303
1960 ........... — — 21 75 168 31 7 — (31.0) 302
1961 ........... — 33 82 68 105 20 4 -- - (30.0) 312
1962 ........... — 110 67 63 73 3 1 — (28.0) 317
1963 ........... 4 224 45 25 2 — — (30.5)

Total number of aged fish:
300

4,225

century that even dwarfed whitefish may grow to large fish if transplanted 
to lakes, that are rich in food and without whitefish. It is also known that 
the very first generations of an introduced population may have an excellent 
growth rate, while growth will later deteriorate and, finally, the population 
might again be more or less dwarfed (Olofsson 1932, Svärdson 1949, 1950, 
1951). Dwarfs of low average age may also, when transplanted, have their lives 
lengthened to almost twice the normal span of life (Svärdson 1951, p. 121).

Highly significant for the understanding of the size segregation is the 
phenomenon of »intra-lake transplantation». This means that fish of one 
species join the schools of another and adopt all the size characteristics of 
the latter. The physiological effect is just the same as if the fish were trans­
planted by man to another physical environment, that is to say another lake.

In Lake Idsjön lavaretus is medium-sized, pidschian is large and nasus 
is a dwarf. In Table 5 all the samples, taken in the spawning periods of 
the species are given in detail. It can be seen that there are some lavaretus 
specimens appearing in the samples of pidschian, as well as nasus. They 
could be egg predators, present only temporarily at the spawning grounds, 
or »transplanted» fish.

In order to separate these two categories of foreign fish, the growth data 
were considered. In Table 12 are given the ages of more than 4,000 spawning 
lavaretus, which is part of the parallel population study. The maximum fish 
size for each year is also given. All these fish were not identified on their 
gillrakers. The samples of fish for gillraker investigation are given in Table 5.
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It is supposed, however, that all 4,000 fish were pure lavaretus, as judged 
by their age and size.

Egg-predating lavaretus among the spawning pidschian have been marked 
in Table 5 as ( ). They were identified as egg predators if their age and size 
was normal for lavaretus. These fish fell out as exceptions:

Sample Gillrakers Age
Total length,

cm
Dec. 56 33 VI-+ 36.5
Jan. 57 33 XII + 53.0

» 35 XIII + 44.0
Dec. 58 33 x+ 37.0

» 38 XII + 43.0
Dec. 60 37 XIII + 36.5
Dec. 61 33 XV + 47.0
Dec. 63 31 IX+ 41.0

These exceptional fish are too old and too large for lavaretus, but their 
gillrakers prove them to be of that species. Some few may be hybrids but 
since these should have fewer gillrakers, like the fish with 26—29 gillrakers 
in Table 5, they are probably pure lavaretus but »transplanted» within the 
lake. To judge from their scales they have probably lived with the pidschian 
since their first or second year. Their span of life is almost twice the normal 
lavaretus value.

In Table 5 there are also some lavaretus caught among the dwarfed nasus. 
Most of these lavaretus are egg predators or stray individuals. One fish of 
32 gillrakers, one with 33 and one with 34 are, however, to judge from 
their scales, dwarfs from the very start of their lives. They are dwarfed 
lavaretus or, possibly, hybrids.

In Lake Locknesjön (Table 7) some foreign fish were probably egg-pre­
dators only, and in Lake Ansjön (Table 6) growth is so similar and intro- 
gression so advanced that it is not possible to separate egg predators from 
»transplanted» fish. The phenomenon of »intra-lake transplantation» is 
widespread and is found in almost every lake where intensive studies have 
been made. The first case was reported from Lake Storsjön in the province 
of Härjedalen (Svärdson 1951, p. 115).

The schooling is generally interpreted as being based on optical stimuli. 
Whatever its base, its effect must be extremely strong, since fish of a foreign 
species may be »school-trapped» for many years. In fact, they might be 
incorporated into the school almost as effectively as if they lived in another 
lake. The sympatric species of whitefish may be said to live in »lakes of 
their own», though they all swim around in a rather small lake, sometimes 
feeding on the other species’ eggs and in summer often being caught in 
the same set of gill nets. The physiological basis of this extreme school
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tenacity ought to be studied. It is suggestive that whitefish have a smell, 
that is easily perceived even by humans. There is no information, that differ­
ent whitefish species smell different to the human nose. Linnaeus, however, 
found that the smaller of two sympatric Osmerus species had a stronger 
smell.

Ants are known to recognize the members of the nest society by smell. 
If the diet of an individual whitefish modifies its smell, any stray whitefish 
fry or fingerlings, that happened to get mixed up with another species’ 
school, would adopt the other species’ smell and afterwards tend to keep 
contact with the adopting species. Some sort of chemical imprinting may 
be involved.

Lindström (1962) caught fry of two whitefish species in the very same 
hauls of a small seine. He points out that the fry possibly did not swim in 
one school but certainly occurred in the same habitat at the very same time.

The school tenacity of the whitefish has been discussed before. Steinmann 
(1950) thought it to be strong enough to make possible an ecological isola­
tion, resulting in the sympatric evolution of new species. It is nowadays 
well known that this is impossible, but it does function as the strongest pre­
mating mechanism of isolation in keeping the whitefish species apart. The 
pidschian of Lake Idsjön proves, however, that this kind of isolation is 
broken by a few fish almost every year.

The postmating isolating mechanisms. Mayr (1964) lists the following 
categories of postmating mechanisms:

a. Gametic mortality
b. Zygote mortality
c. Hybrid inviability
d. Hybrid sterility

In the group of sibling whitefish species the postmating isolating mecha­
nisms are poorly evolved. There is no gametic mortality or zygote mortality, 
and the viability of the FI hybrid is increased by some 10—20 per cent 
compared to the parent species.

Only the fourth of the barriers listed above is working. As shown in an 
earlier section, the FI fertility is good while that of the F2 generation is 
somewhat reduced. Possibly also the backcrossings give fewer offspring 
than the FI generation.

When lakes with sympatric whitefish species are studied in some detail, 
hybrids or probable hybrid fish are often found. The evidence for hybrids, 
however, depends on the possibilities of identifying the hybrids, e.g. the 
distribution of gillrakers in the parent species. In Lake Idsjön, hybrids between 
nasus and pidschian cannot be identified, whereas hybrids between lavaretus 
and the other two species can. Table 5 includes some fish, caught among the 
pidschian, which, as judging by their gillrakers, are hybrids.
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In Lake Locknesjön (Table 7) the possibilities of identifying hybrids are 
greater. There are two fish with 31 and 32 rakers, caught in February 1957 
and January 1956 respectively, which are certain hybrids.

The most abundant species within a lake is also the most effectively iso­
lated. Any stray foreign fish, included by the school tenacity in the popula­
tion of a less abundant species, implies a good chance of hybridization and, 
hence, a genetical disturbance in the next generation. The net fertility of 
the rarer species will then be somewhat reduced. This involves further threat 
to the integrity of the species; the rarer it becomes, the more dangerous is 
the influx of fish of the sympatric species.

This accelerating process of genetical parasitism by the most abundant 
species on the less abundant is illustrated by Lake Ansjön (Table 6), where 
piclschian and nasus are almost gone and lavaretus is highly introgressed 
by oxyrhynchus. This species is the one most likely to exist, as sole survivor, 
in the lake in the future. 300 fish taken without selection, and before spawn­
ing periods, in October 1964 with nets of different mesh sizes, gave pre­
dominantly oxyrhynchus fish.

It is a general experience that the large-sized pidschian is the rarest species 
all over Sweden and the one most sensitive to fishing, water regulation and 
disturbances in natural balance, e.g. by the practice of releasing newly 
hatched fry of unknown species. This practice was started in Sweden in 
the 1860s (Widegren 1870).

In 1964 experiments were started to introduce pidschian fingerlings (from 
Lake Locknesjön) into Lake Ansjön in order to test whether the species 
could be brought back by man to be of some importance in the lake’s balance 
as well as in the fishery. At the same time the frequency of future hybrids 
could be roughly estimated.

It is logical that euthrophication of a lake should change the former 
balance between several sympatric whitefish species (Karre 1964) and that 
a change in predator or fishing pressure should have similar effects (Smith 
1964).

It is interesting to speculate on the tendency to dwarfing (cf. Fenderson 
1964) of Coregonus as an evolved reaction of survival value in sympatric 
occurrence. If large fish are always most severely genetically parasitized, 
then the tendency to facultative dwarfing would be favoured by natural 
selection.

IV. The whitefish species concept

It has been pointed out that the sympatric whitefish populations should 
be ranked as species (Svärdson 1949). They do not conform at all to the 
subspecies concept, except that they may interbreed freely in some cases. 
However, such cases are rather advanced cases of introgression and preli-
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minaries to complete extermination (by genetical parasitism) by one species 
of another. Much more common are cases where there is some slight gene 
flow, causing a gradual evolution of converging morphological traits.

The taxonomy of a group of sibling species like the Coreponus-complex 
cannot be treated by the morphological »type concept». Since nobody at 
present knows which population is most or least introgressed, a gradual 
work of “restoration” of probable postglacial invaders must be built up. Most 
urgent at present is to find some other morphological character, being as 
firmly based genetically as the gillrakers, but also suitable for statistical 
treatments of whole populations.

From an evolutionär}7 point of view the ineffective isolating mechanisms 
of the Coregonus sibling species is of interest. Though the survival premium 
of better isolation is high, and the selection has thus been intense during 
the postglacial period of some 10,000 years, the mechanisms are still based 
on non-genetical modifications like growth tendencies, size segregation, 
school tenacity and rather plastic spawning periods. The fertility of the 
hybrids is modestly reduced by genetical unbalance. Wherever the same 
ineffective barriers exist, the result would be a group of fish, split up in 
»biological fractions», »ecological races», »spawning groups» or displaying 
»evolutionary instability» or »intense spéciation». They illustrate the most 
important evolutionary step, i.e. that from isolated population up to the 
level of species.

Summary
1. One transplantation and four hybridization experiments involving syra­

patrie whitefish species are described. The hybrids have been raised to 
Fl, F2 or, in one case, to the F3 generation.

2. Three neighbouring lakes within the Gimå river system have been studied 
by numerous whitefish samples for more than a decade. The gillraker 
distribution of the samples, taken during the spawning period of the 
species, is given.

3. The viability of hybrid fish is not reduced. On the contrary they demon­
strate hybrid vigour and some 10—20 per cent better survival than a 
parent species when grown under the same environmental conditions.

4. There is some reduction of the F2 fertility but little, if any, reduction of 
the fertility of the FI generation. This could be demonstrated by reduced 
variability of the F3 fish compared to the F2 generation.

5. Subsequent samples of one year-class give slightly higher averages of 
gillraker counts. This is correlated to growth, the fish with more rakers 
having slightly inferior growth rate and thus dominating among the 
older fish. More pelagic habitat selection and more dominant planktonic 
diet are probable parallel trends.
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6. The number of gillrakers is based on polygenes. There is some evidence 
that more rakers are produced by the adding to the genome of further 
raker genes. FI tend to have more gillrakers than the subsequent F2 
generation of hybrids.

7. The premating isolating mechanisms are discussed. They are rather in­
effective, based partly on non-genetical modifications. Size segregation, 
extreme school tenacity and tendencies to different growth rates are most 
important.

8. Postmating isolating mechanisms are also ineffective. Unbalanced hybrids 
are selected against. An abundant species may genetically parasitize the 
less abundant sympatric ones and gradually undermine its net fertility 
in comparison with the competing species. There is a general tendency 
for a large-sized, less abundant species, like C. pidschian to be threatened 
by extermination. The facultative dwarfing of most Coregonus species 
may have been evolved as a consequence of this genetical parasitism.
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Char and Whitefish Recruitment in North Swedish
Lake Reservoirs

By Thorolf Lindström

Introduction
Beverton and Holt (1957) define the age at recruitment as the age at 

which fish enter the area where fishing is in progress, that is, at which they 
become liable to “encounters” with the gear, cf. op.cit. pp. 28, 30 and 244. 
Ricker (1958) defines recruitment as the addition of new fish to the vulner­
able population by growth from among smaller size categories and Holt 
(1960) gives a symbol, R, defined as the number of fish entering the exploit­
able phase of a stock in a given period.

The more our knowledge of fish young habitats in freshwater increases, 
the more possible it appears to adopt a definition according to Beverton 
and Holt (1957) for freshwater species, too. This is of primary importance 
for an analysis of the influence of the immature and mature stock size on 
the mortality of the young of the same species (Ricker 1954, p. 608). For 
the time being, the more neutral definitions of Ricker (1958) and Holt 
(1960) are, however, more appropriate for many freshwater situations.

Earlier in recruitment research history, it was generally assumed that 
fish young passed a short critical stage when mortality was very high, and 
that a study of the environment should reveal the mortality factor when the 
time for the critical stage was well established. It is thus logical that research 
on char recruitment in Scandinavian lake reservoirs of storage type should 
in the forties centre around the relationship between year-class abundance 
and the amplitude of the winter draw-down of the reservoir level, i.e. drainage 
during a season when the year-class occurred as eggs and fry. When no 
relationship was found, this was sometimes taken to indicate that recruitment 
in the reservoir was essentially undamaged.

The cognizance of methodical difficulties has subsequently increased as 
it has been revealed that:
(1) the fish populations are drastically redistributed both in spawning time 
and in other parts of the life cycle when a lake is transformed into a reser­
voir (Fabricius 1950, Lindström 1954, Aass 1960 a & b, Nilsson 1961, Runn- 
ström 1963). As running water and the pelagical zone are involved in the 
redistribution, as well as the littoral zone, it is necessary to match density 
indices from different kinds of gears (cf. Taylor, 1958),
(2) aging of char scales is more difficult than it was earlier thought to be 
(Nordeng 1961),
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(3) there are growth changes in the populations (Runnström 1964 a), which 
make it necessary to know more about the efficiency and selection properties 
of gill nets of different mesh sizes, when indices of year-class abundance are 
to be calculated from gill net catches,
(4) a lake reservoir is in a way a habitat totally different from the lake 
from which it has arisen. The possibility of using catch per unit effort as 
an index of comparative abundance if sampling is repeated during similar 
conditions (Russel 1931), so important to ordinary population analysis, may 
not exist during a transitory phase when a lake is converted into a reservoir,
(5) whereas the advance of whitefish systematics have kept pace with that 
of reservoir studies, a corresponding study of char systematics has lagged 
behind.

The material brought together in reservoir studies has to serve several 
purposes and can seldom meet the increased demand for completeness and 
diversification arousing from the complications listed. As the confidence felt 
in the obtained year-class abundance indices has decreased, a number of 
models on the recruitment in reservoirs have been developed from the 
increasing knowledge of the environmental changes in the reservoirs and 
the life history of whitefish and char young in reservoirs and natural lakes. 
Since both approaches have their obvious merits and drawbacks, the in­
ferential evidence is presented in the following pages, succeeded by the direct 
attempts at year-class abundance estimates.

1. Recruitment models for reservoirs from inferential evidence
The models in this chapter concern mainly lake reservoirs of storage type. 

Details about lake-level management are given in Section 3.
A general trend in recruitment studies from different fields as reported 

by Simpson (1956) and Ricker (1958, pp. 231—236) is that several mortality 
factors are assumed to be working over a comparatively long period. A single 
factor must have a considerable effect if it is to show up with significance 
in a correlation study (Beverton and Holt 1957, p. 275, Ricker 1958, p. 
234) where several factors are involved. There are some cases where one 
factor seems to have been very important, but for a recruitment study in 
a new case it is safe to include several factors in the hypotheses, and a factor 
such as winter drainage amplitude may of course influence recruitment in 
different ways simultaneously. Since environment and fish populations are 
different in reservoirs that have different purposes and with different lake- 
level managements, hypotheses should correspondingly be different, and ex­
periences from Scandinavian regions have thus an exceptionally high value 
for the present study.

From behaviour studies on spawning char and whitefish (Fabricius 1953, 
Fabricius and Gustafson 1954, Fabricius and Lindroth 1954) and from 
lake surveys published in Fishery Board memoranda (in Swedish, mimeo-
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Fig. 1. Total length of one-year-old char in Lake Torrön according to Runnström, back- 
calculated material, and lake-level variations in the different years (local system). The 
lake was converted into a storage lake reservoir in 1936. Mean high-water and low-water 

levels before that year are indicated with broken lines.

graphed) there emerges a good deal of knowledge about the spacing of the 
eggs and the spawning sites and digging behaviour of the parents, i.e. the 
habitats of the eggs. Next comes information about hatching time, food, 
growth and habitat for the whitefish young (Svärdson 1949—1957, Lind­
roth 1957, Lindström 1962) and information about hatching time, growth 
and some additional data from the life history of the char eggs and char 
young in Scandinavia (Runnström 1951, Aass 1964). This material forms 
the framework for the following models.

The clamming-up phase
Runnström (1964 a) has studied growth during the whole life of char 

and whitefish on back-calculated scale material. He concludes that there is 
a pulse of good growth during the first years of a storage lake reservoir if 
the management includes damming over the old lake level, and he terms this 
the damming-up phase. He shows that this good growth is followed by a 
strong downward trend in the growth. The difficulties of aging char scales 
do not greatly influence this study, and though char growth data may be 
attributed to the wrong calender year, the general trend of a growth pulse 
as presented by Runnström is a real one. Runnström concludes that “for 
a limited time the feebler rate of growth can even be increased because of 
the fact that good nutritive conditions during the first years of impound­
ment can give rise to rich year classes”.
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Table 1. Total length of one-year-old whitefish from Lake Kallsjön, Jämt­
land, “back-calculated” from the scales of older fish. The whitefish, C. nasus, 
was introduced in the twenties and there is probably a growth trend con­
nected with the population expansion. From 1941 to 1945 the amplitude of 
the lake-level management was kept between the natural mean high-water 
and mean low-water level but from 1946 the amplitude was increased by 

a further one metre and new land was inundated.

Total length, mean of all material from year-class: 
1934—40 1941—45 1946—48 1949—55

&
CÏo

<

11+ • 
III+ . 
IV+ .
v+ .
VI+ .
VII +
VIII + 
IX+ .

Mean of the means
Total number

1II+—VIII+ ....

— 93 128 114
126 127 117 105
159 105 118 107
133 108 114 103
141 100 108 105
151 97 123 105
102 109 109 111
— 115 109 106

135 108 115 106
19 213 521 499

Thus according to this interpretation both a general good growth and 
some rich year-classes arise during the first years of certain lake reservoirs, 
but there is a further complication: the growth during the first year of life 
of these year-classes does not contribute to the general picture of good 
growth during the damming-up phase so far as char is concerned. One-year- 
old char does not show any better growth during the damming-up phase 
and their growth in the reservoir is on average not so good as in the natural 
lake, as is shown by Fig. 1, reproduced from a mimeographed report by 
RunnströM. Inundated new land around Lake Storavan may have produced 
a slight improvement in the growth of whitefish young, according to studies 
by the present author (1962, p. 139). This difference between char and 
whitefish receives further confirmation through the back-calculated first- 
year length of whitefish from Lake Kallsjön, Table 1, made available to me 
by Dr G. Svärdson. The whitefish young may use the rich food animal 
supply from the flooded marshes in a dammed-up lake (Nilsson 1964) more 
than char young, judged by the littoral occurrence of whitefish young in 
Lakes Storavan and Uddjaur and by the behaviour of char young reported 
by Frost (1963—64).

In spite of the strong dependence of survival on growth during the first 
year of life usually (Ricker and Foerster 1948), there is no satisfactory 
a priori hypothesis regarding the connections between growth and survival 
during the transitional years of conversion of a lake into a lake reservoir, 
as the predators are still unknown, as are also their reactions to the con­
version of the lake. The good supply of food of different kinds during the
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damming-up phase may divert the interest of facultative predators from 
the char and whitefish young; or, contrariwise, the behaviour of the young 
in the new environment may contribute to an increased pressure from the 
predators, resulting in increased and decreased survival, respectively, of 
slow-growing young.

The year-class 1946 is dominating in all the samples from Lake Kallsjön 
in the catch years 1949—1952.

Runnström’s hypothesis that rich year-classes arise during the damming- 
up phase is thus substantiated mainly by the general good supply of inverte­
brate fish prey as “animals from the surroundings” and zooplankton, ac­
cording to Grimås (1962, 1965 a and b), Nilsson (1961, 1964) and Axelson 
(1961), and so far as whitefish is concerned by the age composition of the 
analysed samples from Lake Kallsjön. In the present context the case will 
be developed only a little further. Inferential evidence published by the 
present author (1955) makes it improbable that plankton Crustacea form 
the main food of char young in some lakes during their first spring, and 
food studies on whitefish young by the present author (1962) show that 
they are certainly not solely dependent on plankton food during their first 
year, feeding also on Diptera, mainly chironomids, hymenopters and hemip- 
teres, mainly Aphididae, all of small size.

The effect of severe winter drainage on survival of char

A ass (1960 a and b) has shown that the char recruitment is cut down in 
the reservoir Lake Pålsbufjord, a reservoir with a normal winter drainage 
of 22 metres. He reports an abundance of small char, two years old (and 
thus possible to age) resulting from a spawning-hatching winter with ex­
ceptionally little drainage, only 12 metres. This shows that the amplitude 
of winter drainage also should be included in a recruitment model, but this 
part of the model cannot yet be attributed exclusively to any of the two 
phases in reservoir history.

The draw-down phase

This term, like “the damming-up phase” has been coined by Nilsson 
(1964) and Runnström (1964 a). The draw-down phase includes long-term 
trends in storage lake reservoirs. Among those trends, the decrease in bottom 
animals (Stube 1958, Aass 1960, Grimås 1961, 1962, 1964, 1965 a) and cer­
tain cladocerean species (Lötmarker 1964) should enter among the plausible 
biological relationships that are important for recruitment. A detailed ana­
lysis of the feeding habits of the young and the changes in food fauna 
composition is, however, still lacking, and so far as the cladoceres are con­
cerned the conclusion is somewhat dubious, as Lötmarker states that the 
decreased standing crop might result inter alia from increased fish grazing.
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Otherwise the decrease in food animal populations is likely to affect the 
number of char and whitefish that can grow fast enough to escape predators 
during a critical period (Ricker and Foerster 1948, Lindström and Nils­
son 1962, Lindström 1962, p. 141).

The growth of char young during their first year is slower in the reser­
voir than in a natural lake, as reported, but it is difficult to judge the long­
term trend in growth of whitefish young from the material in Table 1, as 
the whitefish Coregonus nasus, Pallas, was introduced into Lake Kallsjön 
in the twenties and the population is still expanding according to Runnström, 
Fishery Board memorandum of September 13, 1958. If there is one long-term 
growth trend effected by the population expansion and another effected by 
the reservoir conversion, they must be difficult to separate.

An important element is missing here, too, for the combination of the 
model, viz. a knowledge of the predators and the changes in their popula­
tions; consequently it is difficult to make use in the model of any observed 
growth changes in char or whitefish young. This concerns the recruitment 
of char and whitefish in natural lakes, too. Whitefish population control 
in natural lakes in Sweden has been treated by Svärdson (1957, 1962). He 
develops further the theory of the Ricker and Foerster model referred to 
above and particularly emphasizes the temperature in early summer, as 
giving whitefish young good growth; he also stresses the size of the adult 
whitefish population, interfering with the whitefish young population 
through food competition or cannibalism.

The parent—progeny relationship has recently been discussed by Ricker 
(1954, 1958), Reverton and Holt (1957), Gulland (1962) and Beverton 
(1962). Beverton and Holt show that a decreasing right limb in the re­
cruitment curve can occur with the model of Ricker and Foerster without 
cannibalism or food competition on the part of the adult population being 
involved, as of course a decreasing right limb can be achieved with canni­
balism and food competition from the adults without introduction of the 
Ricker and Foerster model. Beverton and Holt also show that the pop­
ulation is self-compensating only if certain conditions are fulfilled when 
the mathematical representation of the model is that given on p. 56 (op.cit.), 
and they state that an asymptotic recruitment curve is probably the most 
generally useful at the present time. It can, however, be assumed that the 
mathematical representation of the Ricker and Foerster model given by 
Beverton and Holt on pp. 56—57 should be further elaborated in order 
to show the possibilities of the model, e.g. by introducing facultative preda­
tors, turning to other prey at a certain fish-young density, and other egg- 
production curves, but there is at present no reproduction curve published 
for Swedish whitefish or char populations that could have substantiated 
further analysis (Cf. Christie, 1963).
9
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2. Estimates of fish-young abundance during their first year of life

The estimation of whitefish-young abundance in shallow water has proved 
to be technically difficult, as already discussed by the author (1962). The 
efforts ended in establishing important habitats for whitefish young. The 
habitat of char young in Scandinavia is not very well known.

3. Estimates of the abundance of young fish more than one year 
old but not yet catchable by the gear ordinarily used in the lake

In these studies there are some sources of error that are certainly very 
relevant, e.g. the lack of studies on fish density in the pélagial region of the 
lakes and the incomplete taxonomic study of the whitefish and char in the 
catches — there is often a pélagial whitefish reported or suspected in the 
North Swedish lakes. There is no good check on fish migrating into or out 
from the lakes studied.

Lake Kultsjön was slightly influenced after 1954 through the impoundment 
of Lake Ransaren higher up in the same river, the influence concerning 
lake-level variations and turbidity. In the winter of 1958/59 Lake Kultsjön 
was transformed into a storage lake reservoir with an annual lake-level 
rhythm shown i Fig. 2. The amplitude of the lake-level regulation is about 
5 metres and the level is allowed to rise 3 dm above the old normal high- 
water level; consequently a damming-up phase, though not a very significant 
one, is to be expected. Water is stored in the summer and released in the 
winter. The fish fauna is mainly a char-burbot population with some trout 
as well. For further information about the lake, cf. Rodhe (1964), Nilsson 
(1964), Runnström (1964 a).

The studies concern the years 1954—62 (Lindström and Nilsson 1964), 
but fishing was not standardized until 1958, when it was concentrated at 
three stations where two sets of nine gill nets, each with seven different mesh 
sizes, were set from the shore and along the bottom, fishing both in shallow 
and fairly deep water (some 15 metres). This fishing technique reduces the 
possibility of studying variations between stations along the shore, but of 
course gives more information about the variation in a vertical direction. 
Both kinds of variation are analysed, and as a consequence a correction 
— not numerically specified — should be applied to the values for Nassjo- 
viken, Fig. 3, reducing the downward trend somewhat. The complete material 
of small-meshed gill nets consists of some 2,100 efforts (one net, one night).

The catch of char per unit effort with small-meshed gill nets dropped 
during the years 1958—62 while other changes are inconsistent. The burbot 
population is, however, not yet thoroughly studied. The char material is 
condensed in Fig. 3. The drop in char catch may reflect a change in the 
catching abilities of the gill nets in the sometimes rather turbid water or a
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Fig. 3. Lake Kultsjön, catch of char in number per unit effort. There are three localities, 
Prästnäset above, Saxnäs in the middle and Nassjoviken at the bottom. There are three 
gill-net categories, 2.50 knot-to-knot bar measure on the left, 2.14 in the middle and 1.67 
on the right. Catch year indicated at the bottom of the figure. June, July, August, September 
and October are indicated with dots, crosses, circles, triangles and squares respectively.
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299- 5

Fig. 4. Lake Barselet, range of natural lake-level variations and normal water level in 
1949—57 at the top, regulated lake-level variation range in 1958—64 at the bottom.

shifting of the centre of small-char habitat from the old one towards a more 
pélagial region — by this latter expression the authors meant any part of the 
lake that cannot be fished with bottom-set gill nets, 5 ft high — or it may 
reflect a real drop in char recruitment as an effect of the conversion into 
a lake reservoir. According to the analysis of variance, the differences be­
tween years are of low significance and because of methodological difficulties 
(Nordeng 1961) age analyses have not been performed; but the drop is 
shown in three different mesh-size categories, 2.50, 2.14 and 1.67 cm knot-to- 
knot bar measure. A choice between the hypotheses will probably be easier 
when other students of Lake Kultsjön have published their material (cf. 
Grimås 1965 b).

Lake Barselet was a “sei” in the River Ume älv, i.e. the flow was (and is) 
great compared to the volume of the lake. The lake has been affected by 
dam constructions, channel digging and power-plant constructions in the 
river above Lake Barselet. The turbidity may have increased slightly after 
the spring fishing 1955 (Table 2), but it was aggravated later on, particularly 
in 1958. The yearly fluctuations in the lake-level are much slighter in Bar­
selet than in the reservoirs of storage type. The fluctuations after 1957 were 
affected both through lake-level regulations at the power-plant dam at the 
outlet of Barselet and through a storage reservoir higher up in the river. The 
total effect is illustrated by Fig. 4, showing that the yearly lake-level ampli-
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Table 2. Number of whitefish per unit effort in gill nets.

Knot-to-knot 
bar measure, 

cm

Catch
year

S e c t i n :

I II 1 III IV V VI VII VIII 1 Si-vin

Spring
2.14 1955 2.0 2.5 1.5 3.5 1.0 1.0 1.5 1.0 1.8

56 5.7 4.0 1.7 2.3 1.3 2.3 6.7 4.7 3.6
57 5.3 1.7 1.7 1.7 0.3 0.7 2.0 11.0 3.0
58 4.0 2.3 1.0 10.7 5.0 6.7 8.0 18.0 7.0
59 5.0 2.5 — 4.7 2.0 1.3 4.0 4.0 —
61 1.0 2.5 — 12.8 4.0 2.9 2.2 1.8 —
64 --- — — — — — — — —

x55—58 4.3 2.6 1.5 4.6 1.9 2.7 4.6 8.7 —
1.67 1955 0.5 0.5 0 2.0 0 0 9.0 2.5 1.8

56 6.3 1.7 1.3 0 0.7 0.3 5.0 2.3 2.2
57 3.3 2.7 1.7 1.0 1.7 1.3 3.3 37.5 5.5
58 16.7 3.3 1.3 11.0 4.0 16.0 19.7 17.0 11.1
59 12.0 4.5 — 2.7 2.5 3.0 6.0 13.3 —

x55—58 6.7 2.1 1.1 3.5 1.6 4.4 9.3 14.8 —
Autumn

2.14 1955 1.0 7.5 0.5 0 1.3 2.5 3.0 3.5 2.4
56 16.0 9.3 10.7 3.3 5.7 3.7 7.3 11.0 8.4
57 9.7 4.3 9.0 3.7 8.0 8.3 5.0 8.5 7.1
58 1.0 2.3 2.3 0.7 1.7 3.0 8.3 4.5 3.0
59 10.0 13.0 — 13.5 — 8.0 6.0 9.0 —
61 9.0 7.5 — — 6.5 11.0 5.4 15.7 —
64 12.8 5.5 — — — — 8.3 12.8 —

x 55^58 6.9 5.9 5.6 1.9 4.2 4.4 5.9 6.9 —
1.67 1955 2.0 13.0 2.5 5.5 6.0 2.5 12.5 17.0 7.6

56 18.0 5.3 10.0 3.3 1.0 8.7 12.3 10.3 8.6
57 11.3 5.0 12.7 5.0 2.7 4.3 7.0 9.5 7.2
58 6.3 1.7 5.0 2.0 4.3 1.7 15.7 8.0 5.6
59 18.5 10.0 — 5.5 — — 3.0 5.0 —

x55—58 9.4 6.3 7.6 4.0 3.5 4.3 11.9 11.2 —

tude now is smaller. There is a short-term lake-level management between 
September and May included (diel or weekly rhythms). The flow is now 
more uniform throughout the year. The yield from Barselet consists to about 
50 % of whitefish and furthermore of pike, perch, grayling, trout and burbot.

The studies started in 1955, mainly with sets of gill nets of the same 
composition as in Lake Kultsjön, but the sets were broken up into groups 
of three nets, and these groups were set starting from the shoreline. The 
lake is divided into 8 sections, and because of the high intraclass variation 
the differences between sections as regards the number of whitefish per unit 
effort do not stand out so significantly in an analysis of variance as did 
the differences between stations in Lake Kultsjön. The ordinary fishing in 
Lake Barsele does not take whitefish in the size categories characteristic of 
gill nets with 2.14 and 1.67 cm knot-to-knot bar measure, so the catches in 
these nets were chosen as indices of year-class abundance in Table 2. The 
material consists of some 400 efforts with such nets.

At least two whitefish species are involved. Year-classes 1953—57 show
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retarded growth. At an age of three years the length of the different white- 
fish species was similar and so was the length at this age in 1955 and 1964 
(year-classes 1952 and 1961). Thus the gill nets with 2.14 bar measure 1955 
and 1964 are appropriate for a comparison of year-classes, as these nets in 
the autumn caught fish of ages II + , III + and IV+; but neither these nets 
nor the other data given in Table 2 lend support to the idea that the catch 
of these age classes decreased after the conversion of the lake into a power- 
plant reservoir.

The serious turbidity in 1958 seems to have influenced the autumn catch 
in that year, according to Table 2. The 1959 year-class cannot be estimated; 
but, if the recruitment was damaged, the population recovered later. There 
are vague indications published in the complete account by the present author 
(1964) that the recruitment in Lake Barselet was fortified from whitefish 
populations in the adjacent lakes from 1958. Any reasonable hypothesis 
concerning the abundance of young whitefish in the central and unfished 
part of Lake Barselet would say that, when the conversion of the lake began, 
both newcomers and native young whitefish would shun the central part with 
its turbid flow and search the protected parts along the shores. The increased 
turbidity is now fading away, so the accomplished comparison of catches 
in small-meshed gill nets should really tell us something about the popula­
tion, but the lack of fishing in the pélagial zone is a serious drawback in 
this as in other reservoir studies.

4. Estimates of recruitment from estimates of the abundance of 
fish in exploited size categories

In these studies new sources of error are added to those listed earlier. 
The local fishermen often maintain that the char and whitefish fishery has 
been damaged, e.g. some years after a lake is converted into a storage lake 
reservoir; but good figures for the total yield are difficult to obtain. It is 
thus ordinarily not possible to account for any change in the yield when 
indices of year-class abundance are estimated from catches of adult fish in 
biological surveys.

In the following studies of two storage lake reservoirs, the authors have 
not given much credence to actual figures for total yield, but from a good 
knowledge of the fishery they have considered a correction for changes in 
total yield to be unnecessary when computing estimates of year-class abun­
dance.

In the winter of 1953/54 Lake Limingen in Norway was converted into 
a storage lake reservoir. The amplitude of the lake-level regulation is about 
6 metres and the annual rhythm similar to that of Lake Kultsjön (Fig. 2). 
New land is not inundated. One estimate gives char as 85 % of the yield, 
trout as 15 %>. The study was performed by Aass (1963) and concerns the
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Table 3. Mean number of char caught per net and individual mean weigh! 
of the char in a set of gill nets presented in the text. Aass 1963.

Mean number, 
summer fishing

Mean number, 
char spawning 

fishing

Mean weight 
summer fishing, 

grammes

Mean weight 
char spawning 

fishing, grammes

1953 ........................... 0.8 2.3 332 289
1954 ........................... 0.9 2.7 339 245
1955 ........................... 0.6 2.4 310 253
1956 ........................... 0.6 1.9 300 244
1957 ........................... 0.8 3.1 285 230
1958 ........................... 0.9 2.8 277 241
1959 ........................... 1.0 3.3 260 228
1960 ........................... 0.8 3.6 301 225
1961 ........................ .. 1.0 3.5 255 217

years 1953—61. The lake was netted during the summer and during char 
spawning with a set of gill nets with six different mesh sizes ranging between 
2.5 and 4.3 cm knot-to-knot bar measure. The nets with the two medium 
mesh sizes numbered three in each set, the four remaining categories being 
represented by only one in each set. Summer fishing was carried out on 
200 stations along the shoreline (lake area 95 square kilometres), char spawn­
ing fishing was carried out on 7—9 spawning areas. Table 3 shows the mean 
number of char per net and individual mean weight of char caught in the set.

According to Aass many processes have contributed to this result, e.g. 
changes in growth and condition of fish, variation in mean age of the catch- 
able stock and possibly changes in the year-class abundance. There may also 
have been a drop in the total yield and a rise in the catching ability of the 
gill nets in spawning fishing, both overemphasizing the impression of a 
gradual increase of the char stock in number. Age analysis of the char is 
not presented. In summarizing, Aass states that the recruitment of char was 
unchanged or possibly somewhat higher after the conversion of the lake into 
a reservoir.

Runnström (1964 b) has studied a spawning migration of char to the inlet 
area of Lake Jormsjön, a lake reservoir of storage type. The amplitude of 
the lake-level regulation is about 4 metres, starting from 1949, the annual 
rhythm is similar to that of Lake Kultsjön, (Fig. 2) and the lake level is 
allowed to rise about V2 metre above the natural normal high-water level. 
An insignificant damming-up phase could be expected, followed by a draw­
down phase after some few years. The studies were carried out in the period 
1947—59 and in all about 152,000 char were checked by netting the lake 
immediately below the inlet and by controlling fish in traps in a weir across 
the lower part of the main tributary, both regions containing spawning sites 
for the char. Char constitutes about 2/3rd of the total yield from the lake, 
the remaining yield being trout.
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Table 4. Indices of year-class abundance for char in Lake Jormsjön, accord­
ing to Runnström (1964 b). Lake conversion in 1949.

1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956
—41.3 +5.8 +28.6 +6.5 —5.5 —86.8 —40.1 +9.3 —6.3 +70.5 +67.7

From marking in the lake part of the spawning area and recaptures of 
ascending char in the weir traps, Runnström gets a raising factor of Peter­
sen type to raise the trap catch to a total for the entire spawning stock in 
the inlet area. Aging of samples from the trap catches was carried out on 
scales, and the results applied to the totals for the spawning stock of the 
inlet area each year. Starting from the small recoveries in the spawning 
control of char marked in preceding spawning migrations, Runnström ar­
gues that for the relevant estimates it is possible to neglect the source of 
error in reading scales of old char (after the scale growth has ceased, Nord- 
eng 1961), as the char in Lake Jormsjön do not seem to live very long.

Runnström presents some material showing that the inlet spawning area 
is of dominating importance for the char stock of Lake Jormsjön after the 
conversion of the lake into a lake reservoir. Assuming that this situation 
was essentially not affected by the conversion from a natural lake and that 
the total yield from the lake is too small to invalidate his conclusions (these 
assumptions are not explicit but are otherwise evident from his text), Runn­
ström concludes that the year-class analysis of the spawning stock from 
the inlet area shows that the conversion into a lake reservoir has not affected 
the year-class abundance for this population. The indices of year-class 
abundance are presented in Table 4.

Runnström’s Table 14 shows that the modal age at spawning has dropped 
from the age of 5 to the age of 4 summers; this observation is not discussed 
but it should have some bearings on the year-class discussion too. A drop 
in the mean age of the catchable char stock is also reported by Aass from 
Lake Limingen. In a natural lake it would have indicated an increase in 
the fishing, but as the recruitment may have changed when a lake is con­
verted into a lake reservoir one can only conclude that the relationship be­
tween recruitment and the post-recruitment mortality is disturbed. If the 
yield has not increased in number, the recruitment might have decreased, 
or the natural mortality might have increased. Aass (1963), who discusses 
the point, assumes that the natural mortality of old char has increased.

5. A tentative summary

The recruitment models for storage lake reservoirs (“impounded lakes”) 
in Section 1 and the recruitment estimates in sections 3 and 4, Lakes Kult­
sjön, Limingen and Jormsjön are not altogether consistent.

The damming-up phases of Lakes Kultsjön and Jormsjön were perhaps
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too insignificant to produce any rich year-classes. Rich year-classes of char 
in Lakes Kultsjön and Jormsjön may of course also have arisen as a conse­
quence of the damming-up without being revealed by the sampling methods. 
With the evidence at present available there is, however, reason to look for 
differences between the whitefish and char populations in their reactions 
to a damming-up phase. The model is then only applicable to whitefish 
young and the habitat choice of char young not only excludes them from 
the growth-promoting food supply from overflowed marshes (p. 127) but 
also from other advantageous features in the damming-up phase.

According to the model, the recruitment of char in the draw down phase 
in Lakes Limingen and Jormsjön should decrease, but the estimates based 
on the abundance of fish in exploited size categories do not follow the pre­
diction. New kinds of evidence are needed.

A so far undamaged recruitment of whitefish in Lake Barselet has not 
been predicted by any model, as studies in power-plant reservoirs (“river 
reservoirs”) are of more recent origin, but such a result is quite consistent 
with the good nutritive conditions reported by Grimås and Nilsson (1965) 
and the rich supply of zooplankton reported by Lötmarker (verbal com­
munication) from other power-plant reservoirs. In the sheltered and more 
littoral habitats of Barselet there are at least some requisites for rich plankton 
populations.

If there is a need for a more concise appraisal of the effect of the con­
version of a Swedish lake into a reservoir — which is undoubtedly the case 
— one has to evaluate the sources of error that are involved in the three 
approaches, i.e. life-history studies (the models), estimates of young-fish 
abundance and estimates of abundance of exploited size categories, and this 
is the reason for the ample discussion of sources of errors in the present 
paper.
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I. Introduction
In the first article of the series »Limnological studies in Hyttödammen» 

(Arnemo 1964), information was given about the pond and its physical and 
chemical conditions. A review of earlier investigations concerning the pond 
was also included.

This second article presents the qualitative and quantitative composition of 
the phytoplankton and its production in Hyttödammen, with special regard 
to environmental factors.

The aim of the series of articles on Hyttödammen is primarily to contri­
bute to a broader knowledge of Swedish ponds used for rearing fish. Investi­
gations concerning phytoplankton in Swedish ponds were performed at Ane- 
boda some forty years ago (Naumann 1925). Since that time, however, new



142 BOLF AKNEMO AND AKNOLD NAUWERCK

OUTLET

INLET POND

FLUME

100 m

Fig. 1. Hyttödammen. The 
different sites and the 
depth contours.

methods have been introduced into limnology, especially the C14 technique 
for estimating primary production first described by Steemann Nielsen 
(1952) and applied to lakes by Rodhe (1958 a, 1958 b, 1962, Rodhe et al. 
1958). Since little is known of the primary production in ponds of the 
temperate zone, a secondary function of this article will thus be to contribute 
to knowledge about this type of water.

For the field work and primary production data Arnemo is responsible, 
while the analysis of the phytoplankton was contributed by Nauwerck.

II. Methods

1. Sampling sites

The sampling sites (Fig. 1) used in the present investigation are the same 
as sites 4, 5, 6, 7 and 8 used by Arnemo (1964). The choice of the sites was 
explained in the same article, p. 12.
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2. Phytoplankton

Samples for determining the qualitative and quantitative composition of 
the phytoplankton were collected with a plexiglass tube that takes an 
integrated sample from surface to bottom. After mixing the water column 
the samples for phytoplankton analysis and C14 exposure were taken. Thus 
only one sample was taken at each site. In one case, however, a series of 
samples from different depths was taken as a control. The samples were 
fixed with Lugol’s solution with 10 % acetic acid added (Nauwerck 1963, 
p. 15). The examination of the samples (only fixed material) was made ac­
cording to Utermöhl (1958), using an inverted microscope.

The quantitative data as cells per litre was converted into total volume with 
the aid of the specific volume of the single species (see Rodhe et cd. 1958).

3. Primary production

The technique used was that of Steemann Nielsen (1952) with slight 
modification. During the winter the exposure took place from before sun­
rise until sunset the same day. During the summer the bottles were exposed 
from after the sunset one day until sunset the next day.

A complete series included bottles exposed at 0.1, 0.3, 0.5 and 1.0 m at 
sites 5, 6, 7 and 8. At site 4 another bottle was exposed at 2.0 m (bottom). 
Dark bottles were always incubated at 0.1 and 2.0 m at site 4.

On January 26, 1962, one bottle was exposed close to site 4 at an extra site 
where air bubbling through a perforated tube lying on the bottom prevented 
ice formation (see Arnemo 1964, p. 10). Thus the light conditions differed 
from those at site 4, which was covered with 0.45 m ice. (A comparison of 
the results from the bottles exposed at the same depth of the sites, 0.5 m, 
showed a higher value of primary production at the ice-free site with 0.9 mg 
C/nfYday with 0.4 at site 4.)

On July 28—29, 1962, two series of bottles were exposed at site 6. The 
bottles in one series were filled with a mixed sample as described above. The 
bottles in the other series were filled with water from the same depth as 
where they were exposed. The samples were taken with a plexiglass tube with 
subsampling tubes at intervals as shown in Arnemo (1964, Fig. 4 and pp. 
13—14).

4. Light

Light measurements were performed according to Åberg and Rodhe 
(1942, pp. 9 ff.). The filters used were BG 12, RG 2, and VG 9. Measurements 
were not undertaken at all the times when primary production was deter­
mined. On occasions when light measurements could not be made on the 
same day as primary production measurements, an attempt was made to 
measure light on a day with weather conditions similar to those prevailing 
on the day of exposure. Light penetration was always determined at site 4.
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Fig. 2. Measurements 
of light penetration 
with different filters 
together with the cal­
culated curve for vi­
sible light (E400 - 70o) • 
Red=RG, blue=BG, 
green = VG.

At site 7 measurements were made as long as no vegetation had grown up. 
Helophyte and floating vegetation made it impossible to obtain proper mea­
surements of light penetration at all sites except 4 and 6. The results obtained 
are given in Fig. 2.

Secchi disc transparency was measured at the deepest part of the pond. 
The transparency was often greater than the maximal depth. However, the 
values, given by Arnemo (1964, Fig. 8) may help to give a more complete 
picture of the light climate in the pond.

III. Limitations
The collected material consists of a large number of samples representing 

considerable spatial and temporal variations. We have analysed the data in 
detail for possible patterns and interrelationships and in many cases our 
findings are not much more than indications. We hope at least to have clari­
fied the problems involved in carrying out a field investigation of this kind.

A few of the most important limitations are summarized below. The re­
mainder are included in the results section.

The possible effect of zooplankton upon the phytoplankton has not been 
regarded.
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It is important to consider the reliability of the obtained values. A statistical 
treatment is lacking, but according to Nauwerck (1963) the method used for 
obtaining phytoplankton volumes gives ± 10 %> deviation. Therefore a dif­
ference of more than 20 % between samples is considered significant.

As Nauwerck (1963, p. 20) and Stange-Bursche (1963) have shown, patch­
iness in the distribution of phytoplankton exists even in a well-mixed, wind- 
exposed lake. In Hyttödammen, where horizontal mixing is sometimes lack­
ing, and where occasional short-term locally bound irregularities in the distri­
bution of phytoplankton may often occur, pronounced deviations between 
samples are to be expected. Such deviations therefore, may give no real 
information about the different sites in the pond.

As a rule, strong stratification is common in small ponds sheltered from 
the wind. However, the environmental factors of importance for the distri­
bution of plankton in ponds change so rapidly that only samples taken at 
short intervals in time and space can give the information necessary for 
analysing the rapid changes in vertical distribution which are known to occur 
(Weimann 1942). A study of vertical distribution was not within the aims 
of the present investigation, and so only mixed samples from the water 
column were taken (see above, p. 143).

For the measurements using the C14 technique the reliability is perhaps 
somewhat better; however, statistical investigations about the horizontal 
deviation in short distances are lacking in the literature and so the authors 
have had to treat their values as if they were true.

It is possible that exposing the mixed samples at different depths inhibited 
or favoured certain species of algae adopted to a limited light regime in the 
water column (cf. Wright 1964).

IV. Results

1. Composition of phytoplankton

The list of observed species (Table 1) is based only upon the quantitative 
samples; thus only species which on at least one occasion had a frequency of 
more than 10 cells per litre are taken in consideration. The list itself contri­
butes valuable information about the biological characteristics of the pond.

The Cyanophyta were not especially numerous. Apart from Anabaena 
Scheremetievii, the species observed were ubiquitous. Of greater interest was 
the absence of certain forms: Aphanizomenen flos-aquae was not observed, 
nor was Merismopedia or other indicators of more pronounced eutrophy.

The Chlorophyta also gave the impression that the pond is rather poor in 
nutrients or in any case is not polluted. The composition was dominated by 
species that prefer clear water, e.g. Gloeococcus Schroeteri, Pediastrum Borya- 
num, Dictyosphaerium Ehrenbergianum while forms often found in more 
eutrophic or polluted waters such as Scenedesmus quadricauda, were entirely
10
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lacking. Colourless, heterotrophic species of the Chlorophyta were rather 
rare.

The Euglenophyta were also seldom seen. It is noteworthy that the spe­
cies of Trachelomonas, common pond forms, were not observed in the 
samples.

The Chrysophyta, known to be generally sensitive to eutrophic waters, 
were next in importance to the Chlorophyta. At the same time, this group 
indicates more or less acid water. However, Hyttödammen is only slightly 
acid, as is witnessed by the small number of desmids and the comparatively 
large number of diatoms.

Among the Diatomeae the most typical representatives of eutrophy, such 
as Melosira granulata, M. varians etc. were lacking; but on the other hand 
typical indicators of oligotrophy, such as small Cyclotella species or Melosira 
distans v. alpigena were also lacking.

The picture was the same among the Pyrrophyta. As to the Cryptomona- 
dinae, the “eutrophic” Cryptomonas ovata and Chroomonas Nordstedtii were 
not present. Among the Dinophycinae, the larger Peridinium species, such as 
the typical “eutrophic” form Peridinium Voltzii, were lacking.

The fungus Cerasterias raphidioides, present on a number of occasions, is 
not considered to be a special indicator of eutrophy. Other fungi and larger 
planktic bacteria which could possibly indicate eutrophy were also lacking.

2, Temporal and horizontal distribution of phytoplankton

Information about the quantities and the composition of the phytoplankton 
during the year at the different sites is given in Fig. 3 and Tables 2 and 3.

The Cyanophyta were apparently without quantitative significance. At the 
beginning of the summer Anabaena flos-aquae was found in small quanti­
ties, especially at site 5, but it disappeared during the course of the summer. 
The typical pond form Anabaena Scheremetievii (cf. Rylov 1925) appeared 
during the summer in small quantities. Later in the summer Oscillatoria 
splendida appeared and was found in its highest concentrations near the 
bottom (see p. 150), occasionally together with 0. limosa. In autumn both 
species diminished. During the period of investigation no indication of the 
typical fall maximum of Cyanophyta was found.

As is typical for most fresh waters, the Chlorophyta were the most im­
portant group as to number of species. Less typically, perhaps, in Hyttödam­
men, were also they the dominant group as to biomass. Seasonal changes in 
quantities and composition were only weakly pronounced. Most of the 
Euchlorophycinae were found at site 5 (Tetraëdron, Scenedesmus, Selenast­
rum, Ankistrodesmus). This site is apparently influenced by the transport of 
phytoplankton from the Dalälv river to the pond through the flume, which 
takes water from the river at a place where the stream is only very weak. 
(For details about the composition of the phytoplankton of the Dalälv river
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Fig. 3. Primary production, total phytoplankton volume and phytoplankton composition by 
percentage of total volume at the sites.

see Skuja 1956). At the beginning of the investigation the phytoplankton 
everywhere in the pond was dominated by Ankistrodesmus together with 
Chlorella- and Coccomyxa-species. During the same period the Volvocales, 
e.g. Volvox, as a rule common in ponds, were observed only in low numbers. 
The Chlorophyta had a minimum on July 28. Following that, small Chla- 
mydomonas (cf. gloeopara Skuja) and small swarm spores dominated every-



148 ROLF ARNEMO AND ARNOLD NAUWERCK

where except at site 5. As the end of the investigation period approached the 
species composition remained about the same but the quantities diminished.

Botryococcus Braunii was found regularly, but only in low numbers. The 
Conjugatae were few in number, being represented only by some Closterium 
species (C. Kuetzingianum, C. acicularis v. subpronum and others).

The Chrysomonadinae were abundantly represented at the beginning of 
the period of investigation by Uroglena americanci and Chromulina. At this 
time Erkenia subaequiciliata was found only at sites 5—8. Dinobryon acumi­
natum and Mallomonas akrokomos were moderately common. Later on, 
numerous small Chrysomonadinae such as Erkenia were always present. 
They diminished somewhat, but from August they again became more abun­
dant as species and individuals. On July 28, however, Erkenia was only 
found at site 4 and later on only at site 5. Non-pigmented chrysomonads were 
especially numerous on July 28. On August 27, Mallomonas akrokomos was 
again comparatively abundant in number. On September 18, other species 
of Mallomonas, Dinobryon and Pseudokephyrion were found, although in 
smaller quantities.

The Euglenophyta were without significance both qualitatively and quan­
titatively.

The Diatomeae were of little quantitative significance. Perhaps the absence 
of a spring outburst of diatoms, e.g. small Stephanodiscus species, was due 
to the late filling of the pond with water in the spring. Several species were 
found primarily at site 5, such as Tabellaria, Diatoma, Melosira islcmdica ssp. 
helvetica, the latter especially in June and in September. In June at site 5 
there was a comparatively large number of individuals of Rhizosolenia erien- 
sis (cf. Sku.ta 1956, also in the plankton of the Dalälv). Cyclotella (comta), 
Synedra acus and S. ulna (v. danica) occurred sporadically at all the sites 
except site 4. In July and August the Diatomeae were almost completely 
lacking.

The Cryptomonadinae were the group that showed the most evident diffe­
rences in time and space. In addition, they were very important quantitatively 
even though they were represented by only a few species. Katablepharis 
ovalis was always found in large numbers in the whole pond during the 
entire period of investigation. Further, Rhodomonas minuta, R. lacustris and 
Cryptomonas Marssonii were numerous especially at the beginning and the 
end of the period of investigation. Cryptomonas er osa was comparatively less 
numerous. Rhodomonas minuta consistently had its highest frequency at 
site 4 and its next highest at site 6, the only exception being in August when 
the highest values were at site 6 and the next highest at site 5. In June there 
was a pronounced maximum of Cryptomonas erosa at site 7. In July the 
Cryptomonadinae were at a minimum, and on July 28 they were in extremely 
low numbers at site 5 and site 8.

The Dinophycinae, as a rule common in ponds, were represented in Hyttö-
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Fig. 4. Vertical distribution of phytoplankton at site 6 on July 28; on the left as compo­
sition by percentage of total volume and on the right as total volume. Penetration of 
red (RG), blue (BG), green (VG) and of the calculated visible light (E400-700) at site 4 
on July 29 as percentage of the light measured immediately under the surface. Lowest 

scale (logarithmical) is for the light.

dammen only by nannoplanktic species of Gymnodinium and Amphidinium. 
At the beginning of the investigation period these forms were present in 
large numbers, but they diminished as time went on. At site 5 they were 
always least in numbers and in the beginning of July, they were completely 
lacking. In the autumn they were found only at site 4. It is also noteworthy 
that Amphidinium Lohammari (cf. Skuja 1956) was found at the beginning 
of July.

The planktic fungus Cerasterias raphidioides was only observed in small 
numbers.

As to the quantitative values, it can be said that they were neither very 
large nor very small. As a rule they lay between 104 and 105 cells per litre 
for the frequent species. The “small monads” were in the order of 106 cells 
per litre and only the p-algae occasionally reached concentrations as high 
as 108 cells per litre. The numbers were never those found during a water 
bloom. In such cases the cell count per litre is generally at least about 101— 
10a times higher; in ponds the small Protococcales can occur 10s or 104 
times as high as those found here.

In summary, the list of species (Table 1) and the condensed list of quanti­
tative data (Table 2) show the following;

1. The number of forms with significant quantitative representation is com­
paratively large.

2. Pronounced mass outbreaks of one or several species did not occur.
3. Only a few species were regularly observed at all the sites in the pond, 

while irregularities in the horizontal and temporal distribution were the 
rule. In absolute values, however, these irregularities are still moderate.

4. Certain differences existed between the sites as to the quantities and the
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composition of plankton. At site 5 the plankton transport to the pond 
from the Dalälv was regularly noticeable. This was especially true for 
the Diatomeae, which were found almost exclusively at site 5. The Crypto- 
monadinae were always highest in number at sites 4 and 6. On August 27, 
a large maximum of small swarm spores and small Chlamydomonas was 
observed at site 8. A diminishing gradient was evident, with lesser num­
bers at sites 6 and 7 and practically none at sites 4 and 5.

3. Vertical distribution of phytoplankton

To get at least some information about the vertical distribution and at the 
same time to compare the mixed samples with a real vertical distribution, 
on July 28 both a mixed sample and a series of samples from different depths 
were taken. The results are given in Fig. 4 and Tables 2 and 3 (in Fig. 4 and 
Table 3 a and b as volumes, cf. p. 143).

If the mean values for the total quantity of the two series from July 28 in 
Table 3 a and b are compared it can be seen that they differ by less than 
5 %. Quantitative percentage composition among the compared groups shows 
a great degree of difference, and the largest difference occurs in some single 
species, e.g. Rhodomonas, Ankistrodesmus and, above all, Oscillatoria.

The differences when comparing the groups were without any doubt 
within the statistical limits for the methods used. In fact, the differences be­
tween the mean values of the quantities were so small that the agreement 
must be said to be remarkably good. On the other hand, the differences as 
to Oscillatoria splendida cannot be explained by means of random scattering. 
The most probable explanation of the differences is that it is an expression of 
an irregular horizontal distribution of plankton even with respect to very 
small distances. However, it is practically impossible to take a sequence of 
samples in exactly the same place from a boat. It is also very difficult to 
avoid any influence from the boat upon the plankton distribution. But it is 
obvious from the series of samples showing the vertical distribution that tak­
ing mixed samples of the water column, as in the present investigation, was 
the best method, especially in view of the purposes and the limitations point­
ed out above (see p. 144—145).

The vertical distribution showed a less pronounced stratification than was 
expected. All the observed species were lowest in number near the surface, 
which might be explained by the inhibiting effect of too much light. Most 
of the species showed a maximum at 0.3 m.

Weimann (1933, Fig. 10) suggested a vertical distribution of the different 
groups of algae for ponds similar to that of Ruttner (1929) for a deep lake; 
this distribution was not fully realized here. The Chlorophyta and Chryso- 
monadinae showed the highest value at 0.3 m. The Dinophycinae showed a 
maximum lying somewhat deeper, and Oscillatoria and Cryptomonas showed
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their highest values near the bottom. Thus some of the species follow ed the 
expected picture. (Oscillatoria splendida is not a typical planktic form and 
its vertical distribution is not necessarily caused by light.) However, Rho- 
domonas minuta and R. lacustris, so far as could be observed, had their 
maxima near the surface or were homogenously distributed vertically. This 
agrees with the observations made by Wright (1964) in a shallow lake. In 
deeper lakes, however, these species almost always are found at depths where 
the light intensities are low (Ruttner 1929, Nauwerck 1963). Certainly the 
temperature conditions can help to explain the weakly pronounced vertical 
distribution. But this does not explain the regularly more abundant occur­
rence of the Crypto mo nadinae at site 4, where the depth is greater and for 
that reason the light conditions are better for this group.

Even if the vertical distribution in Hyttödammen was only weakly pro­
nounced, there is general agreement between Weimann’s observations and 
the results obtained. It must also be taken into consideration that some groups 
known to have their maximum immediately above the bottom sediments were 
somewhat underrepresented in the mixed samples. When using the plexiglass 
tube, the last centimetres of the water column above the bottom sediments 
must be left behind if an undesirable mixing of material from the sediments 
is to be avoided.

4. Primary production

In Fig. 5 a and b are given data showing the primary production. The 
numbers indicating the primary production in the layers 0—1 m and 1 2 m
are given to the right of the corresponding curve. The dark assimilation, the 
values of which are given in Table 4, has been subtracted. When the pond 
was ice-covered the number indicates the primary production in a reduced 
layer from the under limit of the ice to 1 m. On March 13 and April 10, the 
primary production was measured only at 1.0 m, except at site 4. The num­
bers at the curves from these occasions thus indicate the primary production 
only at that depth and not the whole layer.

From Fig. 5 it can be seen that the values from the winter were very low 
at all the sites. No significant spatial difference could be observed. If the 
site that had the highest value in the layer 0—1 m is listed from time to 
time, starting with the results from June 17—18, no regularities or tendencies 
can be noted.

The sites with the highest values observed for a given date are as follows: 
on June 17—18 sites 6 and 8, on July 9—10 site 5, on July 28—29 sites 4 
and 7, on August 27—28 site 6, on September (18—19 sites 4, 5 and 8, on 
October 24—25 site 5. In the same order of time the sites where the lowest 
values were observed were:‘site 5, site 8, site 5, site 5, site 6, sites 6, 7 and 8. 
Thus site 5 was always among either the highest or the lowest values.
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Fig. 5 a. Temporal and spatial distribution of the primary production.

On July 28—29 at site 6, two kinds of series were exposed (cf. p. 143 and 
p. 150). The results show some interesting differences. The values of total 
assimilation were 96 mg C/m2/d for the series where samples from the mixed 
water column were exposed, and 72 mg C/m2/d for the samples exposed at 
the same depths as they were taken. The curves also differed in shape. The 
former showed an apparent light-inhibiting effect near the surface and a 
maximum at 0.3 m. The latter showed no light-inhibiting effect and no 
maximum at 0.3 m. The difference in the total assimilation was due to the 
different shape of the curves in the first 0.5 m.

In ponds, which as a rule are shallow, the curve of primary production 
generally consists of an optimum layer and little decrease with depth (cf. Fig.
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Fig. 5 b. Temporal and spatial distribution of the primary production.

5, sites 5—8 on June 17—18]. But the presence of higher aquatic vegetation 
is one of the factors that might influence the light climate and thus primary 
production. In Hyttödammen, with its uneven distribution of higher aquatic 
vegetation, chiefly Sagittarici sagittifolia L. (see Arnemo and Norlin 1962 
for map of vegetation), the light below the surface might differ very much 
from area to area. Thus on days of bright sunshine (see July 28—29) one 
might expect a continuum from optimum production throughout the water 
column at sites free of vegetation to a more or less reduced optimum produc­
tion layer closest to the surface at sites with dense vegetation (sites 5, 7 and 
8). As is shown in Fig. 5, this was not found, however, owing to the methods 
used. As discussed above (p. 153), jspecies which probably prefer a limited 
light regime at a given depth are exposed at different depths. The primary 
production curves indicate that such light adaptation is of great importance.
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V. Discussion

1. Phytoplankton volume and primary production

In order to get an expression of the efficiency of CO2 assimilation, total 
phytoplankton volume (Fig. 3) was plotted against assimilation (Fig. 5) for 
each occasion of measurement in Fig. 6.

Fig. 6 shows that there is no evident correlation between phytoplankton 
volume and assimilation. This seems surprising in view of the results obtain­
ed by Rodhe et al. (1958) and Nauwerck (1963) showing a rather good 
correlation with similar data from Lake Erken. The probable causes of the 
divergent results obtained in Hyttödammen are several.

First, the samples are taken at long intervals in time, and the number of 
data may be too small. It is possible that more frequent sampling might have 
given another picture. Second, strictly speaking, only data from one site may 
be compared over time, although one may also compare the volumes from 
all the sites on a given occasion. Making these two comparisons, the present 
material shows no correlation in the former case and in the latter case a cor­
relation exists only on the first and — weakly — the fourth occasion of 
sampling (see Fig. 6). The material obtained on the fourth sampling was 
characterized by irregularly distributed small swarm spores and Chlamydo- 
monas (cf. p. 147). If these algae are not taken into consideration the weak 
correlation disappears on this occasion too. On all the other dates of samp­
ling we can find strongly differing assimilation values for more or less the 
same values of volume.

A possible explanation could be the different composition of the plankton 
in time and space. Some extreme values might thus be explained, namely
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point 4 in Fig. 6, where non-pigmented monads are rich, and point 6 in Fig. 
6, where Cryptomonadinae are dominant. In the first case the assimilation 
per volume is especially low, in the second case especially high.

Another reason for the lack of a clear relationship between algal volume 
and assimilation might be differences in age and physiological condition of 
the algae. The observations of Rodhe et al. (1958) and Nauwerck (1963), 
however, do not support this theory: their material, collected over a whole 
year, was comprised of algae of quite different taxonomic groups as well as 
algae of different physiological conditions. Furthermore, in the present 
study a clear correlation existed between volume and assimilation on only 
one occasion. It is hard to believe that in four—fifths of all cases the physio­
logical condition of a mixed association of algae would overshadow the 
importance of the volume of algae.

Finally, different environmental factors at different places and time must 
be regarded as a possible explanation. At the time of the first sampling the 
pond had no higher aquatic vegetation. The efficiency of assimilation under 
these conditions may depend mainly on the volume. Later on it might be 
inhibited or improved through shading by the vegetation. Another possibility 
is stimulation or inhibition by metabolic products from the higher aquatic 
vegetation. In this respect, however, site 4, which was always free of higher 
vegetation, is comparable to the situation represented by the first sampling, 
when the entire pond was free of higher aquatic vegetation. But even if the 
assimilation is plotted against volume only at site 4 no correlation can be 
observed. Consequently, the possible effect of metabolic products cannot be 
clearly established.

2. Effects of environmental factors upon phytoplankton and 
primary production

Even though it is well known that there are always several factors at work 
simultaneously in ecological situations, the environmental factors will be 
treated individually in what follows. This will be done in order to examine 
the relative importance of the individual factors. Indeed, the nature of the 
present material does not permit an examination of the combined effect of, 
e.g., light and temperature. When comparing phytoplankton and production 
on one hand and environmental conditions on the other it must be remember­
ed that the phytoplankton is the result of earlier prevailing environmental 
conditions but their assimilation is dependent on both the instantaneous con­
ditions and the previous conditions. Temperature and light certainly have a 
direct influence upon assimilation. The temperature also characterizes to a 
certain extent the earlier prevailing conditions. On the other hand the nutri­
ent concentrations at times of sampling probably give little information about 
previous conditions.
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(a) Light.
As the measurements of light are restricted to determination of the gradient 

of light (Fig. 2), most of the comments that can be made are given above in 
connection with the vertical distribution of phytoplankton (p. 150). The cur­
ves for the primary production do not give any information concerning the 
relationship between light and production. Irregularities in the curves (site 
6, July 29) could possibly be explained by the fact that some species were 
exposed at depths where they did not naturally occur and thus may have 
been stimulated or inhibited (cf. p. 145). However, data confirming this pos­
sibility are lacking.

(b) Temperature.
The measurements of temperature showed (Arnemo 1964) that the hori­

zontal spatial variations in temperature were without significance. The same 
may be said for the vertical spatial temperature variations (on July 28 only 
2° difference between surface and bottom). Furthermore, any thermal strati­
fication that exists is brief, because of the almost continual circulation.

Within certain limits a higher assimilation efficiency can be expected at 
higher temperatures. Fig. 7 shows that the mean efficiency of assimilation 
at all the sites is fairly well correlated with the mean temperature of the 
pond. As was shown in the discussion of temporal and horizontal distribu­
tion of the phytoplankton (pp. 146) the succession of the dominating groups 
was Chrgsomonadinae-Chlorophyta-Cryptomonadinae-Chrysomonadinae. The 
efficiency of assimilation was low at the beginning and lowest at the end of the 
period of investigation. However, the temperature differed very much on the 
two occasions and has to be kept in mind. The highest values of assimilation 
efficiency lie in the middle of the times of highest temperature. It would 
seem as if these values were caused by the Chlorophyta, which were domi­
nant. However, the species composition at the different times must be taken 
into consideration. In June there may have been a senescent population of
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spring forms. In the summer were found Mallomonas, Dinobryon and others, 
which apparently respond quite differently to higher temperature.

The Cryptomonadinae, which dominated the phytoplankton at the end of 
the investigation period, showed the lowest efficiency of assimilation. How­
ever, taking into account the low temperature, their efficiency is to be con­
sidered high, indicating that this group is well adapted to autumn conditions.

3. Characteristics of the sites

It is of importance for an understanding of the production biology of the 
pond to examine whether there is a significant difference persisting through 
the summer between the sites or whether the observed differences are only 
occasional. As has been said concerning the limitations of this investigation, 
a broad statistical scattering is to be expected. The comparison of the mixed 
sample with the actual vertical distribution on July 28 confirms that the 
differences in space as to the quantitative distribution are not significant. 
Furthermore, there is no reason to assume that the observed differences in 
quantities between the different sites on any given occasion of sampling must 
be explained by the different character of the sites. As is clear from p. 154—5 
above, the quantitative differences are hardly to be considered as significant.

In contrast to the quantitative data, the qualitative data are able to give 
information about the significance of the differences in time and space. On 
pp. 146—150 this aspect has already been discussed in regard to the phyto­
plankton. If we summarize the statements about phytoplankton and the other 
results of this and earlier investigations (Arnemo 1964), we get the following 
picture.

As Arnemo (1964 pp. 15—18) has shown, site 5 is influenced throughout 
the summer from water from the Dalälv and the vegetation, with contribu­
tion from some springs, causes a horizontal heterogeneity to be built up suc­
cessively in the south-eastern bay. The result is that site 5 obviously is 
characterized by the incoming water from the Dalälv. The proportion of 
phytoplankton that is not endemic to the pond is quite remarkable, and the 
environmental conditions compare unfavourably with these of the rest of 
the pond; the content of nutrients, especially, is lesser in the Dalälv water 
than in the pond.

Sites 6, 7 and 8 are influenced by water characterized by, e.g., higher spe­
cific conductivity and a higher content of calcium, bicarbonate and nitrogen 
in a decreasing degree from site 6 to 8. As a rule it is during times when 
the bay has little or no exchange with the other parts of the pond that the 
highest production is found, with a centre at site 8 and a decreasing gradient 
at sites 7 and 6. This is reflected also in a gradient for the phytoplankton. 
From site 6 to 8 an increasing proportion of Chlorophyta (and occasional 
Cyanophyta) is found. In the reverse situation more Cryptomonadinae, here 
especially Rhodomonas minuta and R. lacustris, are to be found.
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It is noteworthy that the Cryptomonadinae seem to have lower require­
ments for nutrients. The highest number, as mentioned above on p. 148, 
were found at site 4, again at a high proportion of nitrogen, but at lower 
absolute values of nutrient salts.

Furthermore site 4 is characterized by a thicker layer of optimal assimila­
tion and by a less intense decrease of assimilation with depth. Although 
these observations are without doubt reliable, neither the composition and 
quantities of phytoplankton nor the environment factors (which are similar to 
those of site 5) give information about the possible causes of the observation.

It is interesting to find that at the beginning of the period of investigation 
the species composition of the phytoplankton was quite similar at the differ­
ent sites. At first the development was more or less parallel, too. Later on the 
sites developed their own character, which began with increasing dominance 
of different species at different sites. After that, the development continues 
towards a maximum relative individuality of the sites at the end of the 
period. This relative individuality was as a matter of fact moderate and was 
expressed less by the dominating species than by the accompanying species, 
in this case especially by different Chrysomonadinae.

The question whether significant differences between the sites in time 
and space are to be found can thus be answered. The pond consists of three 
parts which differ significantly from each other. To be sure, their biological 
and environmental conditions are largely characterized by water from the 
Dalälv. However, no one site could characterize the pond as a whole. Fur­
thermore, the results from sites 6, 7, and 8 in the south-eastern bay of the 
pond make it obvious that important horizontal heterogeneity exists within 
short distances, a result which supports the critical points of view of Wei- 
mann (1942) concerning investigations about the classification and dynamics 
of shallow waters.

4. Comparison with results of other authors
In recent years the classification of waters has changed from an earlier 

static way of looking at things to a dynamic one, based upon the produc­
tivity. Thus, Rodhe (1958) suggested a classification system based upon the 
primary production.

To begin with, one can classify Hyttödammen by the following older 
systems and according to them it is: (1) After Naumann (1925), “lowest 
cultural type”; with respect to the plankton, “the higher natural type”. 2. 
After Naumann (1927), autotrophic, oligotrophic. (3.) After Weimann (1942), 
apparent oligotrophic clear-water pond. (4) After Liebmann (1951) in his 
revision of the saprobysystem from Kolkwitz and Marsson, between ß-me- 
sosaprobic and oligosaprobic.

More concretly, the pond is characterized by moderate numbers of Chryso­
monadinae, Chlamydomonas and Cryptomonadinae, and waterblooms never 
occur but it has a rather high primary production.
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Earlier works concerning environmental factors and phytoplankton in 
ponds are frequent. Among the most important of these are Dieffenbach 
and Sachse (1912), Schaedel (1917), Atkins and Harbis (1924), Rylov 
(1925), Naumann (1925, 1927), Gessner (1934), Nygaard (1938), von Mitis 
(1941) and Weimann (1933, 1935, 1942). The results of these works are com­
petently discussed and analysed by Weimann (1942). His results and con­
clusions are still valid (Liebmann 1960). The present article can support the 
thesis of Weimann as to phytoplankton and chemical conditions. Our results 
and difficulties also confirm his conception of the pond environment.

The main subject of the present article, however, is the relation between 
the primary production and phytoplankton and as such to contribute to a 
broader knowledge of ponds.

Many investigations have been performed using the C14 technique to deter­
mine the primary production of phytoplankton, since the method was de­
scribed by Steemann Nielsen. But they are almost entirely restricted to 
lakes and sea water. The only results from investigations of ponds in the 
literature seems to be by Wetzel (1964). But the environment investigated 
by him was very saline. Therefore the values found in Hyttödammen can 
only be compared with those from lakes. A comparison seems suitable be­
tween Hyttödammen and Lake Erken in Uppland, since, of the lakes for 
which results have been published, Lake Erken lies closest geographically to 
Hyttödammen (about 100 km to the south-east). Approximately the same 
climatic conditions can he assumed to prevail at Lake Erken and Hyttö- 
danmien. The comparison will be made in two ways: as production in the 
layers 0—1 and 1—2 m, and under a given surface area.

Steemann Nielsen and Aabye Jensen (1957) proposed that the depth 
where 1 % of the light in the water occurs will be the lower limit of the 
trophogenic layer. As is shown in Fig. 2, in Hyttödammen this depth lies at 
about 2.7 m on June 23 (extrapolated) and changes to 2.0 m on August 28. 
In Lake Erken it lies between about 9 and 11 m in the summer. Thus 
Hyttödammen’s light climate differs very much from Lake Erken’s. As 
shallow ponds mostly consist only of an optimum production layer, there 
is an essential difference when comparing them with a lake.

Neglecting the possible influence of higher vegetation, a comparison of 
primary production in Lake Erken and Hyttödammen for the layers 0—1 
and 1—2 m gives the following results. The values for Lake Erken have been 
taken from the primary data in the material studied by Rodhe et al. (1958).

mg C/m3 ■ d mg C/m2 • d

0—1 m
mean range n

1—2 m 
mean range n mean range n

Time of sampling

Hyttödammen 133 26—280 25 77 35—120 5 147 26—280 25 June—Sept. 1962
Lake Erken 117 28—404 35 109 29—390 35 430 140—1,272 35 June—Sept. 1954—55
n = number of samples.
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The production in Hyttödammen is about 15 % higher in the layer 0—1 m 
and about 30 % lower in the layer 1—2 m when comparing the mean values 
of Lake Erken and Hyttödammen. Even though only few data are avail­
able this conclusion appears to be well-founded. (Compare the depths of the 
trophogenic layers.)

Among the lakes studied by Rodhe (1958 a. Fig. 8 and 1958 b, Fig. 7) the 
primary production in mg C/m3/d in Hyttödammen falls within the same 
range as most of the values of Lake Erken and Görväln. But the primary 
production per unit area at the same time was lower, as was shown in the 
Table. Thus, Hyttödammen can be ranked somewhere between oligotrophy 
and eutrophy sensu Rodhe.

VI. Summary

Investigations of the qualitative and quantitative composition and the 
primary production of the phytoplankton were made in Hyttödammen, a 12 
ha pond for the rearing of first-summer or one-year-old salmon. In the winter 
of 1961/62 samples were occasionally taken for studying the primary pro­
duction. The pond was drained and refilled between late April and the 
beginning of June 1962. From that time on, samples were taken until 
October, at about monthly intervals, for studying the primary production and 
the phytoplankton. Mixed samples from the whole water column were taken 
with a plexiglass tube and the primary production was studied using the C14 
technique. Phytoplankton analyses were performed using the Utermöhl tech­
nique.

The phytoplankton composition was numerically dominated by Chloro­
phyta (e.g. Chlamyclomonas, Ankistrodesmus, Coccomyxa), Chrysomondinae 
(small monads as Chromulina) and Cryptomonadinae (Rhodomonas, Crypto- 
monas). By volume the Chrysomonadinae (max. c. 1,200 p3-108/l), the 
Chlorophyta (max. c. 1,000 p3 • 106/1 and the Cryptomonadinae (max. c. 
400 p3 • 106/1) dominated.

The horizontal distribution was influenced, in the vicinity of the inlet of 
the Dalälv water, by phytoplankton that had been transported via the flume 
from the Dalälv. Some differences were also observed when comparing other 
parts of the pond.

The mean values of total volume, studied at 5 sites, ranged between 457 
and 1,648 p3 • 106/1. The highest values were obtained in samples taken in 
the middle of June and the lowest from samples taken in late July.

The mean values of primary production at 5 sites ranged between 73 and 
225 mg C/m2/d in the summer. The highest values were obtained in the 
middle of June and thereafter they successively diminished, the lowest 
values occurring in October.

The mean efficiency of assimilation (primary production in relation to total
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volume of phytoplankton) was highest in July, lesser values being observed 
before and after that time.

The horizontal spatial differences as to primary production were large, but 
no significant variation could be observed.

Based upon the primary production of the phytoplankton (sensu Rodhe) 
Hyttödammen is ranked somewhere between eutrophy and oligotrophy.
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IX. Tables
Table 1. Species list. (The 10 most important species or species groups in

heavy type.)
CYANOPHYTA
Oscillatoria limosa Ag.
— splendida Grev.
— Agardhii Gom.
Lyngbya (limnetica)
Anabaena Scheremetievii Elenk.
— flos-aquae (Lyngb.) Bréb.

CHLOROPHYTA
a) PROTOBLEPHAR1DINAE 

Gyromitus cordiformis Skuja
b) POLYMASTIGINAE 

Paramastix conifera Skuja
c) EUCHLOROPHYC1NAE 

Chlaniytlomonas cf. gloeopara Skuja

— sp.
Eudorina elegans E.
Volvox aureus E.
Gloeocystis planctonica (W. et G. S. 

West) Lemm.
— bacillus Teiling
Gloeococcus Schroeteri (Chod.) Lemm. 
Characium gracilipes F. D. Lambert 
Pediastrum duplex Meyen
— Boryanum (Turp.) Menegh.
Chlorella (pyrenoidosa)
Tetraëdron caudatum (Corda) Hansg.
— incus v. gracillimum Nauwerck 
Scenedesmus bijugcitus (Turp.) Kuetz.
— bicellularis Chod.
— obliquus (Turp.) Kuetz.
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Dictyosphaerium elegans Bachmann 
— Ehrenbergianum Naeg.
Coelastrum microporum Naeg. 
Selenastrum capricornutnm Printz 
Ankistrodesmus falcatus (Corda) Ralfs
— aciciilaris A. Br.
— setigerus (Schroed.) G. S. West 
Coccomyxa sp.
Stichococcus minor Naeg. sec. Chod. 

d) CONJUGATAE
Closterium acutum v. variabile (Lemm.) 

Krieger
— aciculare v. subpronum W. et G. S. 

West
— Ehrenbergii Menegh.
— Kuetzingii BrÉb.
Pleurotaenium trabecula (E.) Naeg.

EUGLENOPHYTA 
Euglena cf. clavata Skuja

CHRYSOPHYTA 
a) CHRYSOMONADINAE

Chromulina cf. parva Skuja
— spp.
Monochrysis aphanaster Skuja 
Chrysococcus minutus (Fritsch) 
Nygaard
Mallomonas akrokomos Ruttner
— caudata Iwanoff
— (tonsurata)
Erkenia subaequiciliata Skuja 
Ochromonas spp.
Uroglena americana Calkins 
Pseudokephyrion Entzii Conrad
— sp.
Stylochrysallis aurea (Chod.) Bachm. 
Dinobryon acuminatum Ruttner
— bavaricum Imhof
— sociale v. stipitatum (Stein) Lemm.

— divergens Imhoff 
Bicoeca sp.

d) DIATOMEAE
Melosira islandica ssp. helvetica O. F. M. 
Gyclotella (comta)
Rhizosolenia eriensis H. L. Smith 
Tabellaria fenestrata (Lyngb.) Kuetz.
— flocculosa (Roth) Kuetz.
Diatoma elongatum (Ly'NGB.) Ag. 
Fragilaria construens (E.) Grun. 
Asterionella formosa Hassall 
Synedra (acus)
— acus v. angustissima Grun.
— ulna (Nitzsch) E. (v. danica) 
Surirella biseriata Bréb.

c) HETEROKONTAE
Botryococcus Braunii Kuetz.

PYRROPHYTA
a) CRYPTOMONADINAE 

Rhodomonas laeustris Pascher et
Ruttner

— minuta Skuja 
Cryptomonas erosa E.
— Marssonii Skuja
— rostratiformis Skuja 
Katablepharis ovalis Skuja

b) OINOPHYCINAE 
Amphidinium Lohammari Skuja 
Gymnodinium helveticum Penard
— sp.
Peridinium (bipes)
— pusillum (Penard) Lemm.

MYCOPHYTA

Cerasterias ( = Asterothrix) raphidioides 
Reinsch
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Table 3 a. Composition of phytoplankton as volume/1 at different sites and
times.

Site 5 Site 6 Site 7 Site 8 Site 4 Mean of 
sites 4—8

n3-io6 % n3-106| % p3 ■ 106 % |i3 • 106| % p3 • 10«| % (X3 • 108| %

17/6 1962

Cyanophyta ............ 138 10 122 7 129 8 134 5 21 2 109 7
Chlorophyta ............ 339 25 655 38 754 48 726 30 338 30 562 34
Chrysomonadinae 688 50 789 46 530 33 1,201 50 511 46 744 45
Diatomeae ................ 30 2 15 1 5 — 2 — — — 10 1
Cryptomonadinae 167 12 96 5 155 10 335 14 241 21 199 12
Dinophycinae .......... 20 1 47 3 20 1 20 1 14 1 24 1

Total ......................... 1,382 100 1,724 100 1,593 100 2,418 100 1,125 100 1,648 100
Netplankton of total 168 12 136 8 135 9 136 6 21 2 119 7

9/7 1962

Cyanophyta ............ 2 — 3 1 6 1 + — — — 2 —
Chlorophyta ............ 291 64 268 61 635 66 432 57 319 48 389 59
Chrysomonadinae 128 28 82 19 190 20 278 37 215 32 178 27
Diatomeae ................ 2 — 15 3 1 — — — 6 1 5 1
Cryptomonadinae 38 8 53 12 117 12 42 5 111 17 72 11
Dinophycinae .... — — 20 4 5 1 8 1 16 2 10 2

Total ......................... 461 100 441 100 954 100 760 100 666 100 656 100
Netplankton of total 5 1 21 5 6 1 + — 6 1 8 1

28/7 1962

Cyanophyta ............
cf. table 3 b.

2 +
Chlorophyta ............ 248 63 189 40 125 31 212 47 176 31 190 42
Chrysomonadinae 121 31 187 40 225 57 227 51 186 32 189 41
Diatomeae ................ 14 4 — — — — — — — — 3 1
Cryptomonadinae 9 2 86 18 41 10 11 2 192 33 68 15
Dinophycinae .......... —

— 8 2 8 2 — — 20 4 7 2

Total ......................... 392 100 470 100 399 100 450 100 576 100 457 100
Netplankton of total 2 — — — — — 2 — 2 — 1 —

27/8 1962

Cyanophyta ............ + — + — 1 — 6 — — — 1 —

Chlorophyta ............ 167 40 292 30 309 52 996 78 145 21 382 48
Chrysomonadinae 173 41 271 28 132 22 140 11 340 49 211 27
Diatomeae ................ 38 9 6 — + — — — 1 — 9 1
Cryptomonadinae 43 10 387 40 153 26 125 10 197 29 181 23
Dinophycinae.......... + — 16 2 — — 19 1 4 1 8 1
Total ......................... 421 100 972 100 595 100 1,286 100 687 100 792 100
Netplankton of total + — 1 — 1 — 9 1 + — 2 -

18/9 1962

Cyanophyta ............ — t--- — — — — 3 — -f — 1 —

Chlorophyta ............ 42 10 90 16 81 11 79 12 176 h 94 12
Chrysomonadinae 190 44 343 62 442 62 405 63 1.148 72 505 64
Diatomeae ................ 80 19 — — — — 1 — — — 16 2
Cryptomonadinae 117 27 122 22 193 27 159 25 238 15 166 21
Dinophycinae.......... 1 — — — — — — — 42 2 9 1
Total ......................... 430 100 555 100 716 100 647 100 1,604 100 791 100
Netplankton of total 86 20 — — + — 5 1 2 — 19 2
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Table 3 b. Composition of phytoplankton as volume/1 on 28/7 1962 at site 6.
Vertical distribution.

0.1 m 0.3 m 0.5 m 1.0 m Mean of

p3-106 % P3 • to6! % ir3 • 106| % u3 • 10® ! % 0.1—1.0 m

Cyanophyta ....................
Chlorophyta ....................
Chrysomonadinae ...........
Diatomeae ........................
Cryptomonadinae ...........
Dinophycinae ..................
Total..........................................
Netplankton of total

1 — 2 — 1
195 53 226 36 219
110

1
30 313 49 164

I

61 17 86 14 58
— 8 1 12

368 100 635 100 454
1 — 2 — 5

— 7 2 3 1
48 206 55 211 46
36 84 23 167 37
— 1 — + —

13 70 19 69 15
3 4 1 6 1

100 372 100 456 100
1 8 2 4 1

Table 4. Dark-assimilation values as mg C/m3 • d.

Depth m
Site 4 Site 6

0.1 0.5 0.7 1.0 2.0 2.2 1.0

1961:
1/11 ..................... ___  1.4 — — 1.0 — — —

1962:
26/1 ......................... — 0.3 — — 0.2 — —
13/3 ......................... — — — — 0.2 — —

9—10/4 ................ — — 1.3 — — 1.1 —

17—18/6 ................ ___  4.4 — — — 6.8 — —
9—10/7 ................ 5.3 — — •--- 4.8 — 5.7

28—29/7 ................ 5.9 — — — — 7.7 —
27—28/8 ................ 5.8 — — — — 2.7 —
18—19/9 ................ 4.1 — — — — 4.0 —
24—25/10 ............... ___ 2.1 — — — — 2.2 —

Table 5. The efficiency of assimilation stated as the ratio of primary produc­
tion (P) in mg C/m2 • d to standing crop of phytoplankton (TV) in mms/m3.

1962 :
Site 5 Site 6 Site 7 Site 8 Site 4 Mean of sites 

4—8

P TV P:TV P TV P:TV P TV P:TV P ! TV 1 P:TV P TV P:TV P TV P:TV

17/6-18/6 125 1,382 0.09 262 1,724 0.15 181 1,593 0.11 280 2,418 0.12 279 1,125 0.25 225 1,648 0.14
9/7-10/7 233 461 0.51 142 441 0.32 138 954 0.14 113 760 0.15 263 666 0.39 178 656 0.27

28/7-29/7 49 392 0.13 96 470 0.20 177 399 0.44 111 450 0.25 274 576 0.48 141 457 0.31
28/7-29/71 721 4561 0.161
27/8-28/8 55 421 0.13 198 972 0.20 80 595 0.13 80 1,286 0.06 167 687 0.24 116 792 0.15
18/9-19/9 86 430 0.20 26 555 0.05 56 716 0.08 82 647 0.13 117 1,604 0.07 73 791 0.09

1 Extra series, cf. p. 143, Fig. 5 b on p. 153, and Table 3 b above.



Liver and muscle glycogen and blood lactate in 
hatchery-reared Salmo salar L. following 

exercise in winter and summer

By Curt Wendt *
Salmon Research Laboratory, Älvkarleö, and Institute of Zoophysiology, 

University of Gothenburg, Gothenburg, Sweden

Introduction

Fish are considered to have low glycogen reserves as compared with 
mammals (Black et ah, 1960). Nevertheless there occur a great accumulation 
of lactate both in the muscle and in the blood following hard muscular exer­
cise (von Buddenbrock, 1938, Secondât and Diaz, 1942; Black, 1955, 
1957 a, b, c; Leivestad et ah, 1957; Nakatani, 1957; Parker and Black, 
1959; Parker et ah, 1959; Miller et ah, 1959, 1962; Black et ah, 1959, 1960, 
1962; Heath and Pritchard, 1962; Caillouet, Jr., 1964; Dean and Good­
night, 1964; Wendt, 1964 a, b, c;). The source of lactate seems to be 
muscle glycogen (Black et ah, 1960). The blood lactate continues to rise 
after exercise for 2—4 hours and the decline to preexercise level is slow as 
compared with mammals. Sometimes significant mortality has appeared in 
connection with high blood lactate values (Secondât and Diaz, 1942; Black, 
1957 c; Miller, 1958; Parker and Black, 1959; Parker et ah, 1959).

The aim of the present investigation was to study the effect of exercise and 
temperature on liver and muscle glycogen and blood lactate in hatchery- 
reared salmon (Salmo salar L.). As reported earlier for Salvelinus fontinalis, 
lower blood lactate values appeared after exercise at 5°C than at 15°C, and 
it seemed necessary to standardize the method of exercise (Wendt, 1964 b).

Material and methods
The experiments were carried out at the Salmon Research Laboratory, Älv­

karleö, Sweden, on hatchery-reared Salmon (Salmo salar L.) from the River 
Lule Älv. Two-year-olds were used during February—March 1964 (11.2— 
19.2; 4.3—12.3), and 1 Vä-year-olds during August 1964 (6.8—12.8).

When 12 months old, after being fed on a raw diet1 (2 days a week) and 
pellets 2 (4 days a week) for the last 6 months, the 2-year-old salmon were 
graded (average weight 32.9 g) and from October 16, fed on pellets only. The

1 10 °/o liver, 40 %> spleen, 25 %> fish, 20 % prawns, and 5 °/o kelp meal.
2 47.6 % protein, 4.9 % fat, 29.1 °/o nitrogen free extract, 1.5 %> fibre, 10.4 °/o ash, 

and 5 °/o water.
* Present address: Kgl. Fiskeristyrelsen, Fack, Göteborg 5, Sweden.
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1 V2-year-old salmon were not graded and were given pellets 2 from May 26. 
Previously they had a raw diet3 2 days a week and pellets 2 4 days a week. 
Both batches were kept in 11.5 m2 troughs in the Trough hall (Carlin, 1963), 
and were fed during summer 4 times a day except on Saturdays (twice daily) 
and Sundays (once daily). As the water cooled, the food consumption de­
creased, and the fish examined in February—March were fed once a day, 
except on Saturdays and Sundays, from October 16, 1963.

Before testing, the fish were transferred to covered dark basins and kept 
without feeding for 18—22 hours.

The fishes were exercised to exhaustion in an exercising apparatus and left 
to recover there. The recovery took place without feeding. The apparatus, 
designed primarily by Heath and Pritchard (1962), was somewhat modi­
fied. It was entirely closed with the exception of an opening in the lid giving 
access to a short cylinder for inserting the fish. The lid was easily remov­
able. A repulsion motor (Vio h.p., 50 per., 2800—0—2800 r.p.m.) drove the 
stainless-steel propeller. At both ends of the swimming chamber (440X125 
mm) stainless-steel wirenetting was applied, and another net was placed 
obliquely along the chamber to keep the fish out of the backwater. Imme­
diately in front of the rear wirenetting were mounted two aluminium electro­
des to deliver shocks (4 v; 50 cycles). A 3-foot Perspex column was arranged 
to permit water at a constant rate (1 litre/min).

Ordinary hatchery water supplied the troughs, basins and apparatus. The 
water temperature during February—March was 0.2°C, and oxygen satura­
tion ranged from 80 to 85 %. During August the values were from 97 to 
100 %>. The pH fluctuated during both periods between 6.8 and 7.3. Dissolved 
oxygen and pH were determined as described in Wendt (1964 b).

In February—March one group of fishes was acclimatized to 11.5°C. It 
was kept without feeding in a plastic trough (0.9 m2) supplied with aerated 
hatchery water, which was gradually heated to 11.5°C during 10 days, at 
which temperature they were held for another 14 days before being exer­
cised. A control group was treated in the same way without any increase of 
the water temperature.

Individual fishes were sampled before exercise, after exercise, and at dif­
ferent times during recovery. The fish was stunned with a blow on the 
head and quickly placed, ventral side up, in a V-shaped trough immersed in 
water, thus permitting respiratory movements. In contrast to earlier experi­
ments, no anaesthetic was used, (Wendt, 1964 b). Blood was drawn from the 
heart into a heparin-rinsed syringe and immediately deproteinized in tri­
chloroacetic acid (TCA) before the fish was killed for subsequent sampling 
of muscle and liver.

0.1 ml blood was ejected into 1 ml 5 % TCA and centrifuged at 2500 r.p.m. 
for 10 minutes. The protein-free fluid was stored in glass ampules at 5°C for

3 30 %> liver, 40 °/o spleen, and 30 °/o prawns.
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about a month until it was analysed for lactic acid (Scholander and Brad- 
street, 1962).

Muscle samples (about 0.2 g) were taken from the epaxial muscle just in 
front of and below the dorsal fin. In most cases the whole liver was excised 
for liver glycogen determinations. Muscle samples as well as liver samples 
were immediately placed directly into a mixture of solid carbon dioxide (dry 
ice) and 95 % alcohol. After the removal of scale and skin in the frozen 
state, the samples were stored for 2—3 hours on dry ice until they were 
weighed in pre-weighed centrifuge tubes containing 30 % KOH, and immedi­
ately boiled for 15 minutes in a water bath. The digests were stored at room 
temperature for several months without significant changes before analysing. 
Muscle and liver glycogen were determined according to Montgomery 
(1957), but instead of filtering the diluted glycogen solutions these were cen­
trifuged to remove interfering material (Roe et al., 1961).

Blood and tissue samples were taken from the same fish in order to see 
the relations within a fish. When comparing different groups, one fish from 
each group was examined on the same occasion.

The weight and standard length (Lagler, 1959) were recorded and the

coefficient of condition (K) was calculated according to (Brown,
1957). L

Results

A. Methodology

As shown in Table 1, it was necessary to keep the fish undisturbed for 
18—22 hours in dark basins in order to ensure an unexercised condition. 
Without this treatment, higher blood lactate values were recorded, especially 
in August, but muscle and liver glycogen values remained about the same.

Table I. Liver and muscle glycogen in hatchery-reared Salmo salar L. after 
18—22 hours of rest (a), and immediately after being taken out of the

trough (b). (SD=± 7S (x— it)2
n—1

0.2°C Feb. 1964 15°C Aug. 1964

a b Ia b

Liver Mean ± SD 1.14 ±1.36 0.61 ±0.48 3.85 ± 1.11 4.24 + 1.48
Glycogen (n) (6) (8) (10) (5)
(g %>) Range 0.11—3.06 0.16— 1 60 2.01—5.22 2.38—5.94
Muscle Mean + SD 0.168 ±0.093 0.157 ±0.059 0.593 ±0.148 0.502 ±0.239
Glycogen (n) (6) (8) (10) (5)
(g °/o) Range 0.034—0.272 0.108—0.285 0.359—0.806 0.292—0.772
Blood Mean ± SD 3.5±2.1 7.5±5.8 14.6±5.7 49.3 ±14.0
Lactate (n) (6) (8) (8) (5)
(mg Vo) Range 2—7 2—18 7—24 31—52
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Table II. Comparison of muscle-glycogen levels in muscle pieces taken from 
the epaxial muscle just in front of and below the dorsal fin on one side of 
the fish (a) with those taken from the other side including the lateral line (b). 

Unexercised hatchery-reared Salmo salar L. July 1963.

a b

0.527
0.436
0.387
0.326
0.124
0.102

0.300 ±0.170' 
1 Mean±SD.

0.938 
0.605 
0 407 
0.537 
0.198 
0.165

0.475 ±0.284

The fishes were exercised to exhaustion in an exercising apparatus. For 
purposes of comparison some fishes were chased by hand for 15 minutes. In 
February-March the latter showed lower blood lactate and higher muscle 
glycogen levels than the former. In August, however, there was a tendency to 
higher blood lactate levels in the hand-chased fishes and several were mori­
bund when sampled after 2—4 hours. (Results will be published later.)

Results of a comparison of muscle glycogen in small pieces taken from the 
epaxial muscle just in front of and below the dorsal fin on one side of the 
fish (a) with those from the other side including the lateral line (b) are pre­
sented in Table II. Higher levels, about 50 %>, were obtained in the latter; this 
may have been due to a contamination with the red muscle. As shown by 
Buttkus (1963) the sarcoplasmic area of the red muscle of lingcod (Ophio- 
don elongatus) contained more glycogen than that of the white muscle.

With few exceptions, sampling was completed within 3 minutes. No exact 
recordings were made, but, as shown by Black (1957 a) and Black et al.
(1960) in trout, there seemed to be no significant rise in blood lactate or 
autolysis of glycogen up to 4 minutes after capture.

B. Behaviour during exercise

One at a time all the fish were exercised to the point of exhaustion in the 
apparatus in the same way. After netting the fish was quickly inserted in the 
swimming chamber with a slight water current, which made it easier for 
it to orientate itself. The current was gradually increased to about 0.75 
m/sec 1 (in the middle of the swimming chamber) after 5 minutes, and 
further to about 1 m/sec after 10 minutes. Most of the fishes were now swim-

Determined according to Pitot (v = 0.99 V2gh).
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ming at a steady rate at the bottom of the apparatus, but in August single 
fishes could not breast the current for any length of time, and a few were 
not able to withstand 1 m/sec at any time. Often they did not find a position 
but, thanks to the repulsion motor, it was possible to reverse the water 
current. Thus it was not necessary to use shocks at every moment, when the 
fish sometimes struggled against the net. On the other hand some fish were 
not exhausted within 60 minutes. When the fish became tired it left the 
bottom, lost its headway, and soon afterwards even a slight water current 
caused it to fall back against the wirenetting, and electrical shocks could not 
stimulate it to further work. After exercise, the fatigued fish remained 
motionless until sampled. In February—March (0.2°C.) fatigue occurred after 
32 + 8.1 (48) minutes and in August (15°C.) after 21+5.2 (34) minutes. A 
group of starved fishes (February—March) was exhausted after 35 + 11.0 (9) 
minutes, and in another group, acclimatized from 0.2°C. to 11.5°C. and 
starved, only 3 of 8 were exhausted within 60 minutes (Table VIII).

C. Unexercised, exercised and recovery states 
Temp. 0.2°C. February—March 1964

Coefficient of condition. Body weights and standard lengths are given in 
Table IV. The overall coefficient of condition for the 55 fishes used was 
1.143, with a range between the different groups of 1.109—1.188.

Liver glycogen. The average unexercised level of liver glycogen was 1.40 g 
% (Tab. IV). When calculated separately for each month the level rose from 
0.64 g °/o in February to 1.93 g % in March, an increase closely related to 
the change in another pellet-fed group (Wendt, 1964 c).

Exercise seemed to cause a decrease, while the recovery values fluctuated 
(Fig. 1) ; but owing to the great deviation it is doubtful whether there were 
any real differences. In addition, there occurred a few pale livers both in 
males and in females.

Precocious males sampled in February had considerably more liver gly­
cogen than the immature ones (Table III), and the liver appeared pale.

Table III. Unexercised levels of liver and muscle glycogen in 2-year-old pre­
cocious and immature males of hatchery-reared Salmo salar L. Feb. 1964.

Temp. 0.2°C.

Precocious Immature

Liver 4 46 1.60
Glycogen 3.42 1.02
(g %) 2.53 0.34

Muscle 0.780 0.285
Glycogen 0.384 0.189
(g °/o) 0.234 0.115
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Muscle glycogen. As in liver glycogen, there was an increase in the un­
exercised level of muscle glycogen from February to March, from an average 
of 0.168 g % to 0.233 g °/o, with an overall average level for both months 
of 0.190 g % (Table IV; Fig. 1).

As a whole, exercise caused a significant decrease (t-test, P< 0.001), but 
not quite significant at the P = 0.01 level when comparing values from Feb­
ruary only. The loss, however, was 76 % and 71 % respectively.

Recovery during 15 hours caused no significant increase in muscle glyco­
gen. There was a tendency to a somewhat higher level at the end of the 
recovery period.

Just as in the liver, higher glycogen levels were recorded in the muscles 
of precocious males (Table III).

Blood lactate. The unexercised average level was 3.3 mg %. This increased 
to 38.8 mg % at the cessation of exercise (Table IV; Fig. 1), which was 
closely related to 40.6 mg % obtained after 19 minutes of exercise in Novem­
ber 1963 at 4°C (Wendt, 1964 a). Blood lactate still increased for some time 
during the recovery. The highest values appeared after 2—4 hours. Not 
even after 15 hours was the unexercised level reached.

Temp. 15°C. August 196A

Coefficient of condition. Body weights and standard lengths are presented 
in Table V. In all, 42 fishes were used and they showed an overall coefficient 
of condition of 1.234, with a range between the different groups of 1.218— 
1.257.

Liver glycogen. The unexercised average level, 3.85 g %, was significantly 
higher than in February—March (P < 0.001). There was a tendency to a 
lower level after exercise, but the difference was not significant (Tab. V; 
Fig. 2). During the recovery the level fluctuated and, as said above, it is 
doubtfnl if any real differences existed. As in February—March, a few pale 
livers appeared in both sexes.

Muscle glycogen. As in liver, the average glycogen level was higher in 
August, being about 3 times that in February—March (Table VI). The ob­
tained values were somewhat higher than those recorded in July, 1963, in 
1 Vä-year-old salmon fed the mixed diet (Wendt, 1964 a).

Exercise caused a significant fall in muscle glycogen (P < 0.001). The 
exercised average level (0.299 g °/o) was about half that of the unexercised 
one (0.593 g %). Dui'ing the recovery the level fluctuated just as in liver 
glycogen (Fig. 2).

Blood lactate. The average unexercised level of 14.6 mg °/o was about 
4 times that in February—March, but somewhat lower than in July 1963 
(Wendt, 1964 a). Following exercise to exhaustion the average level rose
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Temperature 0,2 *C
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I
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Fig. 1. Changes in liver and muscle glycogen and blood lactate after exercise to exhaustion 
and during post-exercise recovery in hatchery-reared Salmo salar L. February—March 1964.

Temp. 0.2°C.

to 76.3 mg % simultaneously with a significant fall in muscle glycogen. The 
highest values were recorded after 2 hours of recovery. One fish was mori­
bund when sampled after 4 hours and had 130 mg % blood lactate. After 
15 hours of recovery the level was somewhat higher than the unexercised 
level.
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August 1964 
Temperoture I5'C
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Fig. 2. Changes in liver and muscle glycogen and blood lactate after exercise to exhaustion 
and during post-exercise recovery in hatchery-reared Salmo salar L. August 1964.

Temp. 15°C.

D. Influence of starvation 
Temp. 0.2°C. February—March 1964

There seemed to be no difference between the fed batch and the unfed one. 
(Tab. IV and VI). Coefficients of condition were 1.143 and 1.134 respectively. 
Liver glycogen fluctuated but was not lower after starvation than before.
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Table VI. Body weights, standard lengths, liver and muscle glycogen and 
blood lactate before and after exercise to exhaustion and after 2 hours of 
recovery in hatchery-reared Salmo salar L. starved for 25 days at 0.2°C.

Fpliniarv----Mnrrh 1 Isn—+ ]/8(x—x)2\
► n—1 j

Recovery

Unexercised Exercised
33 ± 7.0 1

2 hours 
(34 ±16.2)

Body Mean ± SD 37.8 + 7.5 36.3 ±7.7 38.5 ±6.5
Weight (n) (4) (6) (4)
(grams) Range 28—46 30—51 31—45

Standard Mean ± SD 14.70 ±1.00 14.93 ±0.99 15.03 ±0.92
Length (n) (4) (6) (4)
(cm) Range 13.6—16.0 13.8—16.7 14.0—15.8

Liver Mean ± SD 3.70 ±0.56 2.10 ±0.66 1.98 ±0.89
Glycogen (n) (3) (6) (4)
(g °/o) Range 2.94—4.71 1.25—2.88 0.96—2.85

Muscle Mean ± SD 0.224 ±0.073 0.073 ±0.038 0.136 ±0.048
Glycogen (n) (4) (6) (4)
(g °/o) Range 0.171—0.325 0.038—0.136 0.068—0.181

Blood Mean ± SD 6.3 ±2.1 35.4 ±10.2 56 5 ±14.0
Lactate (n) (3) (5) (4)
(mg %>) Range

1 Exercising mean ± SD in

4—8

minutes.

22—49 45—76

Table VII. Body weights, standard lengths, liver and muscle glycogen and 
blood lactate in unexercised hatchery-reared Salmo salar L. starved for 6 and

21 days at 15°C. August 1964. / SD=± ]/s(x~x)2

Fed Starved

6 days 21 days

Body Mean±SD 27.5 ± 11.8 27.8±5.8 24.2 ±4.2
Weight (n) (10) (4) (5)

(grams) Range 16—56 20.5—33.5 18—29

Standard Mean ± SD 13.09 ±1.67 13.63 ±0.95 13.54 ±0.89
Length (n) (10) (4) (5)

(cm) Range 11.0—16.7 12.4—14.5 12.1—14.5

Liver Mean±SD 3.85 ±1.11 1.35±0.16 0.67 ±0.37
Glycogen (n) (10) (4) (5)

(g %>) Range 2.01—5.22 1.14—1.51 0.51—1.25

Muscle Mean ± SD 0.593 ±0.148 0.189 ±0.048 0.089 ±0.026
Glycogen (n) (10) (4) (5)
(g %>) Range 0.359—0.806 0.135—0.252 0.046—0.123

Blood Mean±SD 14.6±5.7 14.3 ±7.3 18.3 ±76
Lactate (n) (8) (4) (5)

(mg °/o) Range

12

7—24 5—21 9—25
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Muscle glycogen was about the same in both the fed and the starved group. 
There was no difference in blood lactate between the two groups at the ces­
sation of exercise or after 2 hours of recovery. A higher unexercised level was 
recorded in the starved batch, which was probably due to direct sampling 
without retention in dark basins.

15°C. August 1964

As shown in Table VII 6 days of starvation caused a significant decrease 
(P < 0.001) in liver and muscle glycogen. The coefficient of condition decre­
ased from 1.257 to 1.098. No difference, however, were obtained in blood 
lactate. 21 days of starvation caused a further decline in the glycogen levels 
and likewise in the coefficient of condition to 0.974. No significant difference 
appeared in blood lactate.

E. Effect of acclimatization to higher temperature 
From 0.2°C to 11.5°C.

The fish were acclimatized without feeding. Compared with the starved 
control group (Table VI) the overall coefficient of condition decreased from 
1.14 to 1.06. Liver glycogen decreased to an unexercised average level of

Table VIII. Body weights, standard lengths, liver and muscle glycogen and 
blood lactate before and after exercise to exhaustion and after 2 hours of 
recovery in hatchery-reared Salmo salar L. acclimatized from 0.2°C to

11.5°C. February—March 1964. jsD=± |/s(x—^l2

Recovery

Unexercised Exercised1 2 hours2

Body Mean ± SD 37.7 + 8 6 39.0 + 1.0 35.8 + 4.4
Weight (n) (6) (3) (5)
(grams) Range 26—45 38—40 32—39

Standard Mean ± SD 15.0810.96 15.56 + 0.81 15.0810.56
Length (n) (6) (3) (5)
(cm) Range 14.2—16.4 15.2—16.5 14.5—15.7

Liver Mean ± SD 0.8210.28 0.3510.05 0.1710.068
Glycogen (n) (6) (3) (5)
(g °/o) Range 0.55—1.17 0.29—0.38 0.12—0.29

Muscle Mean ± SD 0.220 + 0.057 0.13810.019 0.15410.090
Glycogen (n) (6) (3) (5)
(g Vo) Range 0.125—0 276 0.117—0.153 0.045—0.250

Blood Mean ± SD 8.514.0 40.7116.2 42.8 + 37.2
Lactate (n) (6) (3) (5)
(mg %>) Range 5—16 26—58 16—148

• Exercised for 60, 57, and 60 minutes.
1 Exercised for 60, 59, 60, 56, and 60 minutes.
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0.82 g %>, while the muscle glycogen level was maintained (Table VII). Exer­
cise and recovery seemed to cause a progressive decline in liver glycogen, 
but there was large deviation. A long period of exercise was needed, and of 
eight fishes only three were exhausted within 60 minutes. There was only 
a tendency to lower muscle glycogen values at exhaustion. An average un­
exercised blood lactate level of 8.5 mg % rose to 40.7 mg % following 
exercise, and there seemed to be no further increase during recovery. If 
the high value 148 mg % is excluded, the average value after 2 hours of 
recovery change to 16.5 mg °/o.

Unfortunately the acclimatized group contained several precocious males, 
which had to be excluded and therefore only a few experiments were per­
formed.

Discussion

Diet and feeding frequency play an important role among factors known 
to influence glycogen stores in fish, (Miller et al., 1959; Black et al., 1961; 
Hochachka and Sinclair, 1962; Wendt, 1964 c). In this study the fish were 
fed heavily on a diet rich in carbohydrates during the summer, and signi­
ficantly higher liver and muscle glycogen levels appeared in August (Table 
V) than in February—March (Table IV) when, although fed, they seemed to 
be starving. One group, starved for 25 days in February—March, showed no 
decrease in glycogen reserves nor in the coefficient of condition (Table VI) 
compared with the fed group (Table IV).

Smolt transformation may likewise have an influence on liver glycogen. 
It has been suggested that a high thyroid activity during the process is res­
ponsible for a decrease in liver glycogen (Fontaine and Hatey, 1953; Hoar, 
1953).

Usually liver and muscle glycogen levels in fish are considered to be low 
in comparison with corresponding mammalian tissues, and the ratio of liver 
to muscle glycogen is thought to be about 30 : 1 to 50 : 1 in fish compared 
with 10 ; 1 in mammals (Black et al., 1960). In this study the concentrations 
in August fell within the range reported for mammals, and the ratio of liver 
to muscle glycogen was about 7 : 1 both in February—March and August. 
Moreover another group of fishes, starved for 6 and 21 days in August, had 
a ratio of about 7:1.

As most fishes here examined were females, it was not possible to study 
the influence of sex. All precocious males were excluded as in February— 
March they showed higher liver and muscle glycogen values than did im­
mature males (Table III), which was in agreement with an assumption by 
Black et al. (1961) for mature trout.

Strenuous exercise in salmonoids is known to cause a rapid depletion in 
muscle glycogen (Black et al., 1960, 1962). In this study large quantities 
were lost in August, but there still remained about 0.299 g % at the point of
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exhaustion (Table V). In February—March, when the unexercised level 
was only one-third of that in August, the decrease seemed to be more pro­
nounced. At exhaustion there remained only 0.045 g °/o (Table IV). No signi­
ficant replenishment occurred within 15 hours at any time. Restoration in 
unfed rainbow trout was not complete after 24 hours, but feeding during 
recovery caused a more rapid replacement of glycogen stores (Black et al., 
1960).

Exercise to the point of exhaustion did not seem to cause any significant 
changes in liver glycogen at 0.2°C or at 15°C, although there was a tendency 
to lower values at the cessation of exercise (Tables IV, V). In the literature 
the results vary. Miller et al. (1959) found no decrease in liver glycogen in 
pellet-fed (Clark’s dry rations) rainbow trout compared with liver-fed trout, 
which showed a significant decline during exercise. Dean and Goodnight 
(1964) obtained varying results in 5 species of temperate-zone fish. In the 
present investigation the levels fluctuated during recovery (Fig. 1; 2). One 
source of variation might have been the pale livers that appeared both in 
winter and summer. It is not clear whether they were “high-glycogen” livers 
or “fatty” livers. A weak replacement of depleted muscle glycogen and no 
feeding might have caused a slight decline in liver glycogen during recovery.

It is a well-known fact that the rate of mammalian enzyme reactions is 
directly and markedly effected by changes in temperature. As Brown (1960) 
and MacLeod et al. (1963) found it evident that the Emhden-Meyerhof 
pathway is the main metabolic path in fish as well as in mammals, one 
might expect temperature changes to alter lactate production in fish. Further, 
Blazka (1958) found that the end products of anaerobic metabolism in fish 
at low temperatures were C02 and lipids. Ekberg (1962) and Hochachka 
and Hayes (1962) supposed that the pentose shunt may be active at lower 
temperatures.

In my studies lower blood lactate values appeared both in Salvelinus fonti- 
nalis (Wendt, 1964 a) and in Salmo salar L. (this study) following stre­
nuous exercise in February—March at 5°C and 0.2°C than appeared in 
August at 15°C (Fig. 1; 2). The unexercised levels obtained at 0.2°C (Tab. 
IV) are among the lowest ever published for fish. At both times the blood 
lactate continued to rise during the first part of recovery. After 2 hours the 
average level in August was 3 times that in February—March, but on both 
occasions it was 12 times the unexercised level. The higher summer values 
were in agreement with findings for other salmonoids at ll.5°C. (Black 
et al., 1961) but Black (1957 a) found no difference in blood lactate be­
tween Kamloops trout (Salmo gairdneri) exercised by hand for 15 minutes at 
two acclimatization temperatures, 11.5°C and 20°C, nor did Caillouet, Jr 
(1964) find any difference between mature carp at 1°C. (winter) and at 24°C. 
(summer). Dean and Goodnight recorded higher blood lactate values in 
Micropterus salmonoides, Ichtalurus mêlas and Pomoxis anularis after exer-
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cise at 5°C than at 20°C. In Lepomis macrochiriis they found precisely the 
contrary, but the summer values were lower than those reported by Heath 
and Pritchard (1962), who exercised Lepomis to fatique.

It is also known from the work of Johnson et al., (1945) that lactate 
shows lower diffusion rates across the blood-cell membrane at lower tem­
peratures, and a low rate of diffusion of lactate from muscle to blood has 
been considered to be at least partly responsible for the prolonged elevation 
of blood lactate in fish. In this study the disappearance of lactate from blood 
was slow at 0.2°C. After 15 hours of recovery the level was still about 5 
times as high as the unexercised level (Table IV). At 15°C, however, the 
unexercised values were almost reached after 15 hours (Table V) in spite 
of a greater amount of lactate appearing in the blood during the first phase 
of recovery.

Thus it is not yet possible to describe the effect of exercise and temperature 
on the carbohydrate metabolism in fish. The physiological state seems to 
play a very important role. Parker and Black (1959) proposed that cessa­
tion of feeding in connection with approaching maturity and entrance into 
fresh water is a contributing factor in the ability of Pacific salmon to mig­
rate long distances upstream. The quickly available energy from liver and 
muscle glycogen is no longer obtainable, and the source of energy may be 
stored fat and “non-essential” protein which is presumably not quickly 
available. Thus the rate of energy supply may restrict the action of the fish 
and reduce struggling when it is stimulated. The same is thought to be the 
case in fed fish when these are starved for various periods before exercise. 
Some results in my investigations on immature Salmo salar L. are consistent 
with this hypothesis. One group fed on a raw diet in February—March was 
fatigued after an average time of 19 minutes, and another fed on pellets after 
30.5 minutes. The difference was significant at P = 0.01 level. The former 
had their stomachs filled with food all the winter, and they showed higher 
liver and muscle glycogen levels than did the pellet-fed salmon. These seem­
ed to be starving. Their stomachs with few exceptions were empty, and the 
decrease in liver and muscle glycogen from November to February was great. 
In spite of 30.5 minutes exercise they showed only a tendency to a decrease 
in muscle glycogen, in contrast to the highly significant decline (P < 0.001) 
in the group fed on the raw diet which was fatigued after 19 minutes 
(Wendt, 1964 c). There also seemed to be a difference in behaviour during 
exercise. The raw diet-fed fishes struggled more violently and soon lost their 
headway when exercised, in contrast to the pellet-fed ones, which swam at a 
steady rate at the bottom of the swimming chamber until exhausted. The 
pellet-fed fish used in February—March in this study were fatigued after an 
average time of 32 minutes (p. 8). They showed, after being starved for 25 
days, no decrease in liver or muscle glycogen or any difference in exercising 
time when compared with the fed group (Table IV; VI). In another group,
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acclimatized from 0.2°C to 11.5°C without feeding, only 3 out of 8 were 
fatigued within 60 minutes. In summer at 15°C (Table V) the pellet-fed fish 
were fatigued after an average time of only 21 minutes (p. 9). The difference 
in behaviour described above between pellet-fed and raw diet-fed fish was 
also seen between “winter” and “summer” animals fed on pellets.

Summary
1. The average coefficient of condition was in winter 1.143 and in summer 

1.234.
2. The average unexercised liver and muscle glycogen levels were in winter 

1.40 + 1.37 g % and 0.190 + 0.089 g %, and in summer 3.85 + 1.11 g % 
and 0.593 + 0.148 g °/o respectively. The ratio of liver to muscle glycogen 
was about 7 : 1 at both times.

3. Starvation for 25 days in February—March caused no decline in liver or 
muscle glycogen. In August liver glycogen decreased from an average of 
3.85 + 1.11 g % to 0.67 ±0.37 g %, and muscle glycogen from an average 
of 0.593 + 0.148 g % to 0.089 + 0.026 g °/o after 21 days of starvation.

4. In winter, exercise to the point of exhaustion caused a decrease in 
muscle glycogen with 70 % to an average level of 0.045 + 0.047 g %. 
In summer, the loss was 50 % to 0.299 + 0.122 g %. Liver glycogen did 
not seem to be influenced by exercise.

5. During 15 hours of recovery there was a tendency to a replenishment of 
muscle glycogen at both times, whereas liver glycogen fluctuated.

6. After exercise to exhaustion the average blood-lactate level was 38.8 ± 13.3 
mg % in winter against 76.3 + 9.9 mg % in summer. Recovery caused a 
further rise to 57.1 ± 18.3 mg % and 175.4 + 35.0 mg % respectively after 
2 hours. Fatigue occurred in winter after an average time of 32 + 8.1 
minutes, and in summer after 21+5.2 minutes.

7. In winter, after 15 hours of recovery the average blood lactate was 5 times 
as high as the unexercised level, 18.3 mg % and 3.3 mg % respectively. 
In summer, the corresponding average values were 21 mg % and 14.6 
mg %.
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I. Introduction

In the summer of 1963 I began an investigation of the feeding habits of the 
grayling (Thymallus thy mallus L.) and brown trout (Salmo trutta L.) in an 
area of the upper branch of the Pite River, noted for its abundance in fish. 
I had made an orientation visit the previous year and noticed at that time 
that large numbers of the grayling and brown trout were infested with Acan­
thobdella peledina Grure. Along with other observations on the fish caught, 
some notes were taken on the occurrence of Acanthobdella and some samples 
were taken. The number of Acanthobdella per fish has been noted since 18 
July 1963 and during the summer 1964 their position, size, and color varia­
tions were also noted. More than 550 fish were examined during the two 
summers.

Acanthobdella occurs as a parasite on Salmonids and has been found 
among others on grayling, brown trout, char, and whitefish (Dahm 1962). 
It occupies an interesting position midway between the earthworm and the 
leech. It has four pair of chaetae on each of the five front segments in the 
front part of the body and a sucker on the extreme back end. This distin­
guishes it from the true leeches and enables Acanthobdella to be attached 
with its body perpendicular to the fish body. Its distinctive characteristics 
have caused many descriptions to be made of Acant hob della’s anatomy (ex. 
Livanow 1906). Of its biology we know, unfortunately, much less. Earlier 
Swedish studies which should be mentioned are Lönnrerg 1936 and Dahm 
1962.

Acanthobdella occurs in the northern parts of Europe and Asia, and in 
Sweden it has been found in Lapland (from the Pite River north), Jämtland 
(only one occurrence, from the Fax River) and northern Dalarna (Dahm 1962).
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Fig. 1. Map of the area of in­
vestigation on the Pite River. 
The figures within the lake 
boundaries give the altitudes.

II. Description of the Area

Pajep Moskojaure is one of many lakes in the Pite River’s upper course. 
It lies 40 kms north of Arjeplog and is surrounded by a forest consisting 
predominately of fir. The lake has an area of 5 km2, its altitude is 438 m, and 
its greatest measured depth is 21.5 m. Both upstream and downstream is a 
chain of shorter stretches of stream alternating with other lakes. Fig. 1. The 
bodies of water named are nutrientpoor, and virtually uninfluenced by Man, 
since they are without dams and only a few families inhabit the area.

The greater part of Pajep Moskojaure has a sparse bottom vegetation. Near 
the shore the bottom is normally composed of sand and stone. As the depth 
increases, the mud layer becomes thicker. In the southern part of the lake 
the bottom slopes steeply as a rule. In the other parts it inclines slowly 
towards the middle of the lake, where the current has scoured a deep 
trench, which describes a bow between influx and efflux. Great quantities 
of water pass through the lake, and a rough estimate is that, in the summer, 
the lake’s replenishment time is less than a week. This fact and the water’s 
low temperature mean that no temperature stratification could be found. 
Temperature measurements during the summer 1964 showed a rise from 
8.9°G (28 June) to 12.1°C (24 July), after which the temperature slowly sank. 
The Secchi disc depth increased from 12.7 m on 5 July to 14.0 m on 7 August. 
Values from 1962 (8 August) gave a pH of 7.0 and a specific conductivity 
(20°C) of 22 ■ 10~6. The last two samples were taken at the outlet of the lake.
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III. Methods
The grayling and brown trout for the investigation were caught with a net, 

a fly-rod, and a spinning-rod. Half of the graylings caught in the lake itself 
were netted. Most of the samples caught with the fly- and spinning-rods were 
kindly placed at my disposal by the members of the Heikkaklubb,1 which 
leases the bodies of water in question. The fly and spin-caught grayling show 
the same tendencies in regard to the Acanthobdella, as those netted, so this 
former group can be considered a representative sample.

The fish were weighed when fresh and wet. An Ohaus scale with accuracy 
of 0.1 g was used, but here the weight is given in whole grams, as such a 
high degree of accuracy was deemed unnecessary. The length of the fish was 
measured from the nose to the end of the tail while the mouth of the fish 
was held closed and both lobes of the tailfin were folded together. Fish 
scales for the determination of age were taken on the left side of the fish, 
above the lateral line and below the posterior part of the dorsal fin. All the 
Acanthobdella material was preserved in a 4 % formation solution, and 
therefore, all the given weights of Acanthobdella are based on preserved ma­
terial. A Sartorius scale, with accuracy to 0.1 mg, was used. The preserving 
fluid was dried off, after which the animal was turned around on a piece of 
filter paper for one minute and then weighed. The sample was returned to 
the preserving fluid, where it lay for about one hour, and then a new drying 
and weighing was done. If the difference between the two weighings was 
greater than 0.2 mg, new weighings were made until the difference was equal 
to or smaller than that value. The mean of the two values was then taken, so 
that the deviation was ±0.1 mg.

For the determination of age, which was carried out only on the grayling, 
a plastic impression of the scales was obtained by pressing them between two 
plastic disc, with thickness of 0.5 and 1 mm. The thicker disc then served 
as a support, and on the thinner an impression of the scale was secured. This 
latter was placed in an enlarging apparatus, which magnified it 38 times, 
resulting in a clear picture of the scale. (This method agrees with that used 
at the Freshwater Laboratory in Drottningholm). As there exists a known 
relationship between scale size and fish length, and as each completed growth 
period is clearly marked on the scales, the length of the fish at different 
ages can be obtained by measuring the distance from the center to the indica­
tion of each growth period.

As the area under investigation showed different biotopes, it was divided 
into three sections. Section 1 embraced the stretch of stream between Pajep 
Moskojaure and Abmofallet, lying 1200 m upstream from the lake. The lake 
itself, exclusive of the outlet, comprised Section 2, and Section 3 was the 
outlet (Figs. 3 and 4).

1 I should here like to express my sincere gratitude for the generous support given me 
by the Heikkaklubb.
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IV. Results and Discussion

The Acanthobdella is found as a parasite on its host Salmonids only during 
a part of the year. Lönnrerg (1936) writes, “They are apparently absent 
during the spring and until approximately the end of June. Probably they 
begin to appear during the first half of July. Then they persist well into 
late fall”. Earlier published reports show that Acanthobdella has been found 
as early as 2 July to 8 July, and as late as 11 Oktober (Dahm 1962). These 
dates for the parasite attack agree with my observations. In 1963 the first 
find was on 2 July while in 1964 the first find was on 26 June and the second 
on 30 June. It should be noted that each year’s first find was made on the 
opening day of the season, so that it is likely that one could find Acanthob­
della even earlier.

Figure 2 shows the percentage of infested fish during different periods of 
the summer. The material has been divided into 5-day periods beginning on 
26 June. As seen from the figure, there is less infestation on the brown trout 
during the first three 5-day periods (9 %) than later (34 %>). These early 
periods have been omitted in the following discussion, as they may be con­
sidered as the time when the parasite attacks the fish. Moreover, 91 °/o of 
the brown trout were taken in Section 1 and the rest in Section 2, while the 
outlet (Section 3) is not represented for this period.

In the three sections of the area under investigation, there occur differ­
ences in the percentage of infested fish and the number of leeches per fish. 
Figures 3 and 4 illustrate these differences. The abscissa gives the number 
of Acanthobdella per fish, the ordinate the number of infested fish, and the 
dark-colored circle section represents the per cent of fish infested. The 
number under the circle gives the number of fish investigated, and within 
parentheses is given the mean number of Acanthobdella per infested fish. 
As we see from Figure 3, in 1964 the lowest per cent (29) of infested gray­
ling is found in the lake itself where the water is calmest. Throughout the 
upstream section, where there is flowing water, the frequency is 41 %>; at 
the outlet it is 47 %. According to the inhabitants of the area, the parasite 
has “always” been abundant at the outlet. A similar picture was obtained in 
1963 with the exception of a higher per cent for the fish in the lake, which 
may have been due to the scanty data. The total for the whole area indicates 
that the intensity of infestation is similar for the two years. For 1963 the 
value is 37 % and for 1964 39 °/o. The picture is quite different for the brown 
trout. During both years the parasite appears most commonly on the fish in 
the lake itself. Moreover, Acanthobdella is much commoner during 1964 
(34 %) than 1963 (15 %) (Fig. 4).

There is a wide variation in the number of Acanthobdella per fish (Fig. 3 
and 4). Maximum values from three successive years are 60 specimens on 
the dorsal fin of a grayling (29 July 1962), 103 on a brown trout (20 July 
1963), and 55 from a grayling (22 July 1964). A more detailed inspection of
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Fig. 2. The number of infested fish at different periods during 1963 and 1964. Each bar 
represents one 5-day period, beginning 26 June.

the data on the 104 Acanthobdella-inîested grayling from 1964 reveals that 
45 (43 %) have one, 34 (33 %■) have 2—5, 18 (17 %) have 6—20 and 7 
(7 °/o) more than 20 Acanthobdella. A similar frequency distribution is 
found on the other fish. For the number of Acanthobdella per fish in the 
different sections, the picture is totally different. In 1964 Section 1 has 5.6 
Acanthobdella per infested grayling, while the corresponding value for the 
lake is 4.1 and for the outlet only 2.5 (Fig. 3). (So that a single extreme value 
should not unbalance the proportions within the sections, the highest value 
in each section has been omitted.) The average for the whole area is 4.4.
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Fig. 3. Comparison of Acantliobdella’s occurrence on the grayling (Thymallus thymallus) 
in the different sections of the lake, 1963 and 1964.

(5 = fish infested by Acanthobdella n = numher of fish examined
0=fish not infested by Acanthobdella (m)=mean number of Acanthobdella per
~w = current infested fish

The brown trout’s highest value is found in the lake for both 1963 and 1964; 
the mean value for the latter year is 3.1 Acanthobdella per infested fish 
(Fig. 4).

The biology of the Acanthobdella and the fish must be kept in mind when 
looking for the cause of these variations. Dahm (1962) states that the Acan-
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Fig. 4. Comparison of Acanthobdella's occurrence on the brown trout (Salmo trulta) in 
the different sections of the lake, 1963 and 1964.

(5 = fish infested by Acanthobdella n = number of fish examined
0=fish not infested by Acanthobdella (m)=mean number of Acanthobdella ner
~w = current infested fish
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thobdella, ethologically speaking, is similar to other fish leeches (e.g. Pisci- 
cola geometra), which lie attached to the bottom vegetation, waiting for the 
opportunity to attack a fish. To support this assertion, he notes that Acan- 
thobdella occurs less often in those parts of the Lute River which are regu­
lated, and in which, therefore, the bottom vegetation is reduced or absent. 
Concerning the biology of the fish, there occur differences between the vari­
ous species, within different sizes of the same species, etc. This means that 
the different groups have different opportunities for coming in contact with 
Acant hob della. Territorial behavior, choice of food, and choice of locale are 
all influencing factors. Different mating times can also be important in this 
connection.

There is also a variation in infestation related to the size of the host fish. 
These have been divided into size groupings, 15.0—19.9 cm, 20.0—24.9 cm, 
25.0—29.9 cm, etc. Grayling less than 30 cm long are infested to a lesser 
degree than those of greater length, while grayling longer than 45 cm show 
a somewhat lower percentage of infestation than fish of medium size. The 
brown trout shows a similar trend, but the data is too limited for any definite 
conclusion (Fig. 5).

There is no difference in infestation between male and female fish. In 
1964, 41 % of the female grayling and 33 % of the female brown trout are 
infested, while the corresponding values are 39 % for all grayling specimens 
and 34 % for all brown trout.

The position of Acanthobdella on the host fish is given in Figure 6. In that 
figure “f” means that the Acanthobdella appear only on that fin from which 
the arrow arises, “f+1” that the Acanthobdella appear on the indicated fin 
plus one additional fin, etc. The parasites generally lie on the dorsal fin. They 
are attached sometimes on the fin itself, sometimes at the base of the fin, 
usually on the back part (Fig. 7). 88 % of the grayling specimens from 1964 
have Acanthobdella on the dorsal fin itself and at the fin’s base, and 69 % 
have the parasite only on the dorsal fin. On the remaining grayling the para­
sites are nearly evenly distributed on the other fins. Thus, there exists a 
clear preference for the dorsal fin as the attachment point. The brown trout 
presents a similar picture, but there we find, in addition, a few exemples of 
Acanthobdella fastened along the lateral line, even with the anal fin. The 
reason that Acanthobdella usually is found on the fins is that they can 
easily attach themselves there. According to Lönnberg, the parasites prefer 
the back part of the dorsal fin because there they are best protected from the 
stream current. Conflicting statements exist in earlier writings concerning 
this placement of Acanthobdella on the host fish. Writing on the brown trout, 
trout, and grayling, Poppius (1900) said that Acanthobdella lie most often 
on the “fish’s pectoral and ventral fins, less often at the anal, tail, and dorsal 
fins”. It is not stated how many fish were inspected as a basis for these ob­
servations. Dan Andersson states (letter to Lönnberg 1936) that they lie
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from which the arrow arises, (f+1) — Acanthobdella appears on the indicated fin plus

one additional fin, etc.

on the dorsal fin, adipose fin, ventral fin, and in a few isolated instances, 
on the anal fin. Dan Andersson’s observations were made in the Lule River 
and agree with my own.

As stated earlier, Acanthobdella appears during approximately four months
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Fig. 7. Acanthobdella at the fin’s 
base (above) and on the fin itself 
(below).
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of the year as a parasite on Salmonids. Dahm (1962) writes, “Though there 
are no definite observations, it seems appropriate to infer that the specimens 
infest the fish in early summer, proceed through a period of growth and 
gradual sexual development which is eventually reached in the late autumn. 
After completing the sexual cycle, the individuals apparently die, as all 
samples from earlier in the year are comprised of small, sexually immature 
specimens”. This supposition regarding the growth and development is sup­
ported by my own observations. At the beginning of July the Acanthobdella 
are normally about 1/2 cm long, but the size increases continually, and by 
the beginning of August they are a few cm long. In addition, Acanthobdella- 
free fishes have been found with a deformed dorsal fin as a result of an 
earlier infestation, presumably from some previous year. However, there are 
exceptions to this. As seen from Figure 8, a large specimen (125.4 mg) was 
found as early as 13 July 1964, and specimens in the 10 mg size range were 
found as late as 2 August 1964. In this connection, it should be emphasized 
that the material collected after 11 July 1964, and which is presented in 
Figure 8, was preserved because of some peculiarity, e.g., that the Acanthob­
della were especially numerous or small, or that the color variation was nota­
ble. This material was therefore not used for the conclusions on the sum­
mer growth of Acanthobdella, even though one can see there the tendencies 
as discussed. Size distribution in the preserved material varies markedly 
throughout the same population. The largest sample is up to 7 times (mean 
value, 3.9) larger than the smallest (Fig. 8).

Color variation in Acanthobdella is marked. Usually they are grey-green 
to yellow-brown with dark crossbands. There are, however, successive grada­
tions from this coloration to pure yellow without crossbands. The same indi­
vidual can be dark in the middle and lighter towards the ends, etc. These 
yellow specimens appear during the entire investigation period (Fig. 7).

The question of the effect of Acanthobdella on the growth and condition 
of the fish is of great interest for fishery biology. To attempt to determine if 
the growth of the fish is influenced by Acanthobdella, growth studies were 
made on a number of grayling caught during the week of 28 July—3 August 
1964. These fishes had then been infested by the parasite for about a month. 
Studies were made of the most abundant age-group, that is, the group of fish 
born in 1959 and which were in their sixth summer. Through growth line 
measurements on the fish scales, it was possible to determine their size before 
the 1964 growth period began, i.e., their size at 5 years. For 11 grayling, 
who completely lacked apparent ectoparasites, the average length was 31.6 
cm, and for 9 specimens, which only had Acanthobdella as ectoparasites, the 
average length was 31.7 cm. From this 5-year-size to the end of July the 
growth was 2.3 and 2.4 cm, respectively, for the different groups. Even if 
the number of measured fish is very low, it can still be stated that no signi­
ficant difference exists. It ought to be noted that, as the Acanthobdella are



ECOLOGICAL NOTES ON ACANTHOBDELLA PELEDINA GRUBE 197

weight in mg

150 -

100 -

O 1962 

• 1963 

a 1964

A

meanweight 
in mg
40 -

A

A

A

"vT1 m 1 vni

50 -

10 -

5 -

t .

8

O

i-

A
1 -

VI VII VIII
Fig. 8. Size distribution of several Acanthobdella populations from 1962—1964.

small at the beginning of the season, their effect during that period is less 
than later. To what degree the rate of growth is affected during the period 
from early August to October is a question which can not yet be answered.

Opinion seems to be divided as to whether Acanthobdella affects the gene­
ral condition of the fish. Poppius (1900) writes that there were large sores 
around the fins and that when the Acanthobdella was numerous, the fish 
looked “rather thin and wretched”. Dan Andersson communicated to Lönn­
berg (1936) that “the fish does not appear to suffer visibly from being in­
fested, and that there is no difference in flesh and liveliness between the 
infested fish and those few samples one catches which don’t have parasites”.
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Fig. 9. Length and weight of grayling (Thy mallus thymallus) with and without Acanthob­
della from 30 July to 13 August.

Fig. 10. Appearance of wound after the removal of Acanthobdella from the dorsal fin of 
the grayling (Thymallus thymallus). Cf. Fig. 7.
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Unfortunately, data are also missing from the late fall period, when the 
fish have had the parasite for a longer time. Instead, grayling caught between 
30 July and 13 August 1964 were used. Their weights and lengths have been 
used to make a length-weight diagram (Fig. 9). From this diagram we see 
that there is no difference between the infested and parasite-free fish. Not 
even those fish who have more than 10 Acanthobdella are apparently affect­
ed by the parasites. However, one may ask whether the Acanthobdella’s para­
sitism affects the fish after a longer period. Even if the parasite does not 
visibly affect the host fish, the indirect effect must be considered. Every 
Acanthobdella causes a wound (Fig. 10), and these serve as easy entrances for 
fungi and bacteria. This risk of infection is not negligible, as is seen from 
examples of wounds on fish from other causes; during both summers fish 
were found which had been damaged by fish-eating birds, and in these cases 
the decaying process had advanced so far that the fish had a noticeable odor 
of decay.

V. Summary
During the investigations of the fishery biology and limnology of the 

Heikka area of the Pite River during the summers of 1963 and 1964 notes 
were taken on Acanthobdella’s occurrence on more than 550 fish. These data 
show that the organisms occur rarely at the end of June and the beginning 
of July, then become more common. The infestation affects smaller fish 
(< 30 cm) to a lesser degree than larger fish; no difference is found between 
the per cent of infested male and female fish. In the entire area under 
investigation 39 % of the grayling and 34 % of the brown trout were in­
fested by Acanthobdella in 1964. Certain differences appear in the different 
sections of this area. The parasites are most often attached to the dorsal fin 
or to its base. They appear also on and at the base of other fins and in a few 
cases on the lateral line. The Acanthobdella showed continual growth during 
the period of investigation. Variations in both size and color exist within the 
same population. Normally Acanthobdella is grey-green to yellow-brown with 
dark crossbands, but yellow specimens exist. Those fish which were infested 
by Acanthobdella during their first month as parasites show the same rate 
of growth and condition as non-infested fish.
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I. Introduction
In the first article of the series “Limnological studies in Hyttödammen” 

(Arnemo 1964) information was given about the pond and its physical and 
chemical conditions. In addition, earlier investigations of the pond were re­
viewed. The second article described the phytoplankton and the primary 
production of the pond (Arnemo and Nauwerck 1965). In this third article 
the qualitative and quantitative composition of zooplankton in Hyttödammen 
will be described with special regard to environmental factors.

The aim of the series of articles about Hyttödammen is to expand our 
knowledge of Swedish ponds used for the rearing of fish. Earlier investiga­
tions about zooplankton in Swedish fish ponds have been performed at 
Aneboda (Nordquist 1921) and at Bergeforsen (Grimas et al. 1954). These
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investigations yielded both qualitative and quantitative data. However, the 
quantitative data of Nordquist concerns only the total standing crop of 
plankton given as wet volume. In these investigations the sampling intervals 
were longer than in Hyttödammen, and so comparisons cannot be made.

There are also some published articles that deal only with the rotifers of 
the ponds at Aneboda. Through the works of Lang (1928), Allgén (1933, 
1935 a and b), Carlin-Nilsson (1935) and Berzins (1950, 1956) the rotifers 
are well known in this area.

As a rule I have chosen to compare the results obtained in Hyttödammen 
only with those obtained in investigations performed in about the same 
climate and using the same methods. Of these two are of special interest, 
namely that from the large Erken (Nauwerck 1963) and that from the 
small Ösbysjön which approaches pond-like conditions (Pejler 1961, 1962). 
As will be shown, Hyttödammen resembles a pond in some, though not in 
all details, and is therefore one stage in the lake-pond continuum.

An earlier article (Arnemo 1960) gave the results, including zooplankton 
studies, of the first year of the investigation (1959). As will be shown, the 
present results, covering 1959—62, do not always agree with the earlier study. 
It is likely that the long-term study gives more significant results than the 
one year study.

II. Methods 

1. Field methods
The sampling sites D and 1—4 are the same as those described by Arnemo 

(1964, p. 12). At site 4 samples were taken at the surface, 1 m below, and 
at the bottom (2 m). Samples were also taken at some other sites, namely 
1 a, A, B, E, 9 and 10 (Fig. 1), which have not been mentioned earlier. 
Site 1 a represents the water coming into Hyttödammen from the inlet pond, 
which receives the water from the river Dalälv via the flume (see Arnemo 
1964, p. 8 and Figs. 1 and 2). It was used from September 1961. The other 
new sites were used between October 28, 1960 and April 14, 1961 when the 
pond was not entirely filled with water. All the sites used before October 28, 
1960, except site 4, were dry then and the depth at site 4 was only 1 m 
instead of 2 m. Sites A, B, and E represent water from springs. Site 9 
represents water entering the pond through the main ditch. Site 10 represents 
the water in the pond just at the surface outflow of the pond.

Samples were taken at all these sites mainly to show the temporal succes­
sion of zooplankton, but some idea may also be gained of its spatial distribu­
tion. As a rule the frequency of sampling was once a week during summer 
but after about mid-September the sampling was irregular and less frequent. 
The sampling dates can be seen in the Figures showing the distribution of 
the species. From the beginning of the investigation the samples were taken
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100 m

Fig. 1. Hyttödammen. Depth 
contours and sites (A, B, D, E, 
la, 1—4, 9, 10).

with a Ruttner sampler, capacity 1.6 litres. From July 10, 1961 to September 
4, 1961, samples were taken with a Ruttner sampler and for comparison 
also with a plexiglass tube (see Arnemo 1964, p. 13), capacity c. 6 litres. 
The results of the comparison of the methods are given on pp. 207—8. After 
September 10, 1961 samples were taken only with the plexiglass tube, except 
at site 4, where the vertical distribution was studied with a Ruttner sampler 
as before. The plexiglass tube has been used in ponds by other authors 
(Schäperclaus 1961, Straskraba 1963) ; it resembles the sampler described 
by Wunder (1935). The 1 litre samples were fixed in the field with Lugol’s 
solution plus acetic acid (Nauwerck 1963, p. 15).

To get a more detailed picture of the horizontal distribution, samples were 
taken (c. 30 sites) during the summers of 1961 and 1962 at approximately 
monthly intervals with the plexiglass tube.

For qualitative use, net samples were taken with a 80 p mesh net (Müller 
gauze No. 25) and fixed with formalin. They were taken once a week near 
the outlet, where the higher aquatic vegetation is more or less absent.

2. Laboratory methods

The zooplankton was concentrated by sedimentation of the 1-litre samples 
in tall cylinders and stored in bottles. Counting of the zooplankton was done 
with an inverted microscope and counting chambers.
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The calculations of the volume of individuals of the most important species 
were made stereometrically (Axelson 1961, p. 139, Nauwerck 1963, p. 98— 
100). The values found for the Hyttödammen species agree generally with 
those found by the other authors for the same species. The species found 
in Hyttödammen had the following mean volumes given as mm3. (Although 
the volumes of the Rotatoria have been determined, they are not included 
in the list because of their limited role.)

Cladocera: Limnosida frontosa 0.08
Diaphanosoma brachyurum 0.06
Holopedium gibberum 0.15
Daphnia cristata 0.1
Scapholeberis mucronata 0.04
Simocephalus vetulus 0.1
Ceriodaphnia reticulata 0.05
Bosmina coregoni + longirostris 0.06 
Ophryoxus gracilis 0.07
Eurycercus lamellatus 0.3
Camptocercus lilljeborgi 0.04
Acroperus harpae 0.05
Rhynchotalona rostrata 0.01
Graptoleberis testuclinaria 0.04
Alonella 0.01
Pleuroxus trigonellus 0.02
Chydorus sphaericus 0.1
Polyphemus pediculus 0.05

Copepocla: Nauplii of Calanoida 0.001
Copepodids I—III of

Eudiaptomus graciloides 0.03
Copepodids IV—V + adults of

Eudiaptomus graciloides 0.07
Copepodids I—III of

Heterocope appendiculata 0.07
Copepodids IV—V + adults of

Heterocope appendiculata 0.45
Nauplii of Cyclopoida 0.0005
Copepodids I—III of

Cyclopoida 0.01
Copepodids IV—V + adults of

Cyclopoida 0.05
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3. Construction of diagrams

The diagrams illustrating results of the year-round temporal and spatial 
studies are of the same type as explained by Arnemo (1964, pp. 15—18, 
the results from the physical and chemical investigation over time). The 
diagrams in the present article are slightly modified by having the different 
sampling sites separated from one another by lines. In spite of the well-known 
uneven distribution of organisms in lakes and ponds, isopletes have been 
drawn in the diagrams so as to show the differences in distribution between 
the sites and over time. The values for the isopletes were arbitrarily chosen 
to emphasize the differences.

In the diagrams illustrating the summer studies of horizontal distribution 
the values of the isopletes are chosen in the same manner as above. Even 
with the large number of stations the errors involved in drawing isopletes 
may be largely due to the patchiness of the zooplankton (e.g. Nauwerck 
1963, pp. 17—23). This is especially true in the areas close to the shore. 
Thus, the isopletes should be taken only as indications of possible differences 
between areas.

Usually, a dot in the Figures means that a sample was taken. If there is 
no number next to the dot, no animals of that particular species were found. 
However, when the horizontal distribution is plotted on a map, the point is 
difficult to see. In this case, a zero is always written if no individuals were 
found. A question mark means that the sample was lost. Where the value 
was derived from a calculation, a plus sign means that the value found 
was smaller than 0.01 mm3/l or 1 °/o.

Special symbols are used in the temporal and spatial distribution diagrams 
to indicate modification of the zooplankton relationships by fish. The fish 
symbol means that newly-hatched fry were placed in the pond at the date 
indicated by the accompanying arrow. The numeral 1 at the arrow indicates 
sea-run trout (Salmo truttci L.) and the numeral 2 indicates salmon (Salmo 
salar L.). About 30,000 sea-run trout and 200,000 salmon are introduced 
yearly, but in November 1961, only 40,000 salmon were put in. The young 
fish prey on the zooplankton, but it is difficult to estimate their importance. 
By stomach analysis, it is possible to determine which species of the zoo­
plankton are eaten by fish (a plus sign in the diagram). Although the sto­
mach analyses will be dealt with in a later article, it may be noted here that 
the species and relative number of zooplankton eaten were the same for 
both species of fish. A plus sign in parentheses indicates that some of the 
zooplankton in the diagram are eaten by fish. If the balance of the total 
zooplankton community is influenced by predation, it is likely that the zoo- 
plankters which are not eaten will be indirectly affected; these species are 
therefore indicated by a fish without any other symbols.
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4. Limitations

There are many factors that influence the qualitative and quantitative 
distribution of zooplankton. In this investigation it has not been possible 
to examine the effect of all of them. Thus the effect of predation by young 
fish upon zooplankton can only be surmised, owing to the difficulties of 
estimating this effect quantitatively. The literature about the relations be­
tween the standing crop of different food organisms and the growth and 
population densities of fish is extensive. Nordquist (1921) pointed out that 
investigators who calculate an expected yield of fish from the standing crop 
of bottom fauna and zooplankton must consider the effect of predation. 
The idea was also stressed by Naumann (1927) when he suggested a classi­
fication of ponds, and by Walter (1934) in his handbook of fishery biology. 
Since then many authors have reported observations from lakes and ponds 
concerning the influence of predation upon the zooplankton and the bottom 
fauna (Ricker 1937, Hayne and Ball 1956, Lellak 1957, Hrbåcek 1958, 
Hrbåcek et al. 1961, Johnson 1961, Gerking 1962, Grygierek 1962, Stra- 
skraba 1963 and Lötmarker 1964) ; but some authors have found no effect 
of predation at all (Sciiäperclaus 1943 and Barthelmes 1963). The diver­
gences observed by these authors may possibly be explained by the different 
degree of utilization by different species of fish of either bottom fauna or 
zooplankton or both. Part of the difference lies in the different food-seeking 
habits of the fish. Another consideration is the population densities of pred­
ator and prey, and the reproduction rate of the prey. Several authors (Ivlev 
1961, Grimås 1963) have pointed out the difference in reproduction rate 
between the zooplankton and bottom fauna, and the difference in availability.

The Protozoa have not been taken into consideration in this investigation.
The list of Rotatoria is far from complete. Many of the forms are im­

possible to identify as to species when preserved. Special samples of the 
benthic forms have not been taken but those occurring in the samples have 
been determined and have been added in the calculations.

Other factors of importance to the distribution of the zooplankton are the 
occurrence of swarms (patchiness) and the diurnal migrations found in 
many species. Both these phenomena limit the significance of the results, 
as has been shown by many authors (e.g. Berzins 1958, Tonolli 1958, 
Schröder 1959, 1962 a and b, 1964, Nauwerck 1963, the discussion given 
by Lötmarker 1964, pp. 133—136, and the literature cited by them).

III. Composition of zooplankton samples

The following list gives the genera and species identified. Most of these 
are benthic. Where only the genus was identified, it is possible that more 
than one species of the genus was present.
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Rotatoria: Trichotria pocillum (Müll.)

Platyias
Brachionus
Mytilina
Euchlanis
Keratella cochlearis (Gosse)

” hiemalis (Carlin)

Kellicottia longispina (Kellicotv) 

Lepadella
Monommata
T richocerca
Asplanchna priodonta Gosse 

Synchaeta
Polyarthra vulgaris Carlin

major Burckhardt 

dolichoptera Idelson 

Ploesoma hudsoni (Imhof)

Filinia
Sinantherina socialis (L.)

Conochilus hippocrepis Schrank 

” unicornis Rousselet

CAadocera: Limnosida frontosa Sars 

Diaphanosoma brachyurum (Liéytn) 

Holopedium gibberum Zaddach 

Daphnia cristata Sars

Scapholeberis mucronata (Müll.) 

Simocephalus vetutus (Müll.) 

Ceriodaphnia reticulata (Jurine) 

Bosmina coregoni Baird s.l.
longirostris (Müll.) 

Ophryoxus gracilis Sars

Eurycercus lamellatus (Müll.) 

Camptocercus lilljeborgi Schoedler 

Acroperus harpae Baird 

Rhynchotalona rostrata (Koch) 

Graptoleberis testudinaria (Fischer) 

Alonella
Pleuroxus trigonellus (Müll.) 

Chydorus sphaericus (Müll.) 

Polyphemus pediculus (L.)
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Copepoda: Heterocope appendiculata Sars

Eudiaptomus graciloides Lillj. 
Macrocyclops albidus (Jurine) 
Eucyclops serrulatus (Fischer) 
Cyclops
Megacyclops viridis (Jurine) 
Mesocyclops leuckarti (Claus)

IV. Comparison of two sampling methods

Samples were taken with a plexiglass tube and a Ruttner sampler. The 
results from the simultaneous samples taken with the two methods are pre­
sented in Table 1. These are given as the total volume of the biomass at 
the different sites and the number of individuals (per 8 litres) of the most 
frequent and volumetrically important species. The values in the Table are 
the sums from the samples taken at the dates indicated. The values at site 4, 
sampled with a Ruttner sampler, are calculated values for the whole water 
column, since at this site samples were taken at the surface, at 1 m, and at 
2 m (bottom). Thus, the values for site 4 cannot be compared with one 
another in the same manner as the values from the other sites.

From the Table it can be seen that there is a large variation in number 
of animal found at different sites. The differences between the two samp­
ling methods are irregular, though pronounced. At two of the sites the total 
biomass was higher when samples were taken with a plexiglass tube and

Table 1. The sum of the results from samples taken at July 10, 18, 24, 
Aug. 7, 14, 21, 28 and Sept. 4, 1961, at different sites.

Site
Ruttner

1
tube

Site
Ruttner

2
tube

Site
Ruttner

3
tube

Site
Ruttner

4
tube

Total biomass as mm3/8 1
Individuals/8 1 of the 

following species:

75 146 126 64 77 96 31 31

Polyarthra major......... — — 65 85 19 9 169 123Daphnia cristata ......... 248 626 — _ _ 5 2
Scapholeberis mucronata 
Bosmina coregoni+

23 133 — — — —
longirostris................. 459 976 1,453 631 1,160 1.353 in 80

Polyphemus pediculus . . 405 317 — _ _
Nauplii of Calanoida . . 
Copepodids I—III of

2 6 338 333 262 248 381 288
Eudiaptomus graciloides 

Copepodids IV—V + 
adults of

14 3 1 2 33 21

Eudiaptomus graciloides 
Copepodids I—HI of 
Heterocope appendi-

1 2 31 16 10 21 43 72

culata............................
Copepodids IV—V + 
adults of Heterocope

2 27 17 7 6 27 26

appendiculata ............. 3 1 17 36 14 24 7 9
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at one site the same method gave a lower value than samples taken with 
the Ruttner sampler. To get an idea of the significance of the values, the 
results of Nauwerck (1963, p. 20—23), must be taken into consideration.

Among the species in Lake Erken the scattering was largest in Bosmina 
and Daphnia, lesser in Cyclops and Eudiaptomus, and least in Diaphano- 
soma. Thus, of the possible explanations of the observed results in Hyttödam- 
men, the most probable one is that the results are due to swarms. It is most 
likely that this formation of swarms overshadows the possible effect of the 
different environmental factors at the different sites (see Arnemo 1964) and 
the possible heterogeneity in the distribution of fish, resulting in a differing 
effect of predation by fish. The formation of swarms is also probably more 
pronounced in a pond with many biotopes owing to the presence of vegeta­
tion and the heterogeneity in its qualitative and quantitative distribution. 
Nordquist (1921) observed that qualitative differences existed over small 
distances when comparing a sample taken outside the vegetation in a small 
area of open water with samples taken closer to and in the vegetation.

To get some idea of the significance of the values in Table 1, the standard 
deviation was calculated for the values of the number of ind./l. found by 
means of the Ruttner sampler divided by the number found with the plexi­
glass tube. This calculation was made for the two most numerous groups, 
Bosmina and nauplii of Calanoida on each of the 8 occasions of parallel 
sampling at each of the sites 1, 2 and 3. The following values were obtained:

mean standard deviation range
Bosmina ............................ 2.1 2.8 0.02 12.4
nauplii of Calanoida ... 1.1 1.8 0.5 — 2.3

From these values it is clear that the scattering is so large that the data in 
Table 1 are of no statistical significance. It should also be noted that even 
if the sums in Table 1 seem to show good agreement for the nauplii of the 
Calanoida, the statistical treatment of the material indicates a large variation.

In spite of the effect of formation of swarms upon the results from 
sites 1, 2 and 3 when the two methods are compared, the results from site 4 
as total biomass do not seem to show any influence of such an effect. How­
ever, when considering the numbers of the different species, variations are 
noted, probably due to formation of swarms.

Thus nothing can be proved about the validity of the two sampling 
methods, except for Daphnia cristata and Scapholeberis mucronata at site 1, 
as can be seen on p. 227—229.

V. Temporal succession and spatial distribution of zooplankton

In this section, some notes about the different species will be included. 
The proportions of the three main groups, Rotatoria, Cladocera and Cope- 
poda as well as the total standing crop, will be dealt with on p. 251—261. As
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the higher aquatic vegetation is dominated by Sagittaria sagittifolia L. (see 
Arnemo och Norlin 1962 for vegetation map), only the influence of the 
whole vegetation upon the zooplankton will be analyzed and not the influence 
of the different species.

In the Figures the number of observed individuals of the different species 
of Clcidocera includes young and adult animals. The different copepodid 
stages of Copepoda have been separated into only two groups, copepodids 
I—III and IV—V.

1. Rotatoria

The list of observed rotifers is not large, especially when compared with 
that of Berzins (1950) for Aneboda. However, Berzins made special col­
lections for studying the benthic rotifers. In any case, the rotifers are of 
no significance as fish food and will therefore be treated only briefly.

All the observed Rotatoria, except those species occurring only in the 
winter, have been found both among the vegetation and in open water. 
The possible inhibitory effect of the higher aquatic vegetation upon the 
total number of individuals of Rotatoria, reported by Hasler and Jones 
(1949), can not be verified in the present investigation, as about the same 
number of organisms were found within and outside the vegetation areas. 
The results obtained in the present investigation do not exclude the validity 
of antagonistic action as found by Hasler and Jones. However, one has 
to consider the possibility that various plant species will affect rotifer 
species unequally. In one environment the possible antagonistic action 
upon some species of rotifers might be overshadowed by a non-antagonistic 
action upon other species of rotifers.

The systematic order in the following description of the occurrence of 
the species follows Voigt (1957).

B rachionidae
Trichotria pocillum was found very rarely late in August.
Platyias occurred very rarely in August.
Brachionus was present in about 10 % of the samples with a frequency 

of 1—2 ind./l. from July to October.
Mytilina was found very rarely from June to September.
Euchlanis occurred as often as Brachionus from June to December.
Keratella cochlearis was present throughout the year (Fig. 2), but often 

there were only a few individuals present. The conditions seem to be better 
at site 1, judging from the higher numbers of individuals found there. This 
may be due to the presence of Dalälv water, as suggested by the distribu­
tion shown in Fig. 3 (showing the horizontal distribution) for August 2, 1962, 
but this is not certain. No stratification was seen in the vertical distribution 
at site 4 and no pronounced maxima occurred regularly in the years of 
investigation. Eggs were noticed throughout the year. As reported by Bér-

14
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VEGETATION

Fig. 2

KERATELLA COCHLEARIS

VEGETATION

ZINS (1950), Pejler (1957 a, b, 1961, 1962, 1965), Axelson (1961), Nau- 
werck (1963), this species is widely distributed in lakes and ponds in 
Sweden even at high latitudes. In the literature cited the quantities of the 
species are larger than what was found in Hyttödammen. Keratella coch-
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Fig. 3 KERATELLA COCHLEAR1S

learis was more common in 1961, and to some extent also in 1962, than 
in the other years.

Keratellci hiemalis occurred very rarely in the winter.
Kellicottia longispina was found very rarely in three of the four years 

of investigation, as seen in Fig. 4. From the time of the filling of the pond 
in 1961 until July the numbers were somewhat higher but they never 
reached the numbers found in Swedish lakes (Axelson 1961, Nauwekck 

1963). The species was observed at the same time as maximum occurred 
in Lake Erken. Pejler (1957 a) never observed this species in pools and 
ponds, and he did not find it in the shallow Ösbysjön (1961). In 1961 Kelli­
cottia was more common than in the other years.

Lepaclella was found from July to October as often as was Brachionus 
and Euchlanis.

Noto m matidae
Monommata occurred somewhat more commonly than Brachionus, Euch­

lanis and Lepadella with a frequency of 1—5 ind./l. from July to October, 
with a slight maximum late in August.
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KELL ICOTTIA LONGISPINA

1962 VEGETATION ICE

T richocercidae
Trichocerca was present in about 25 % of the samples with a frequency 

of 1—5 ind./l. and sometimes up to 15 ind./l. from July to October.

Asplanchnidae
Asplanchna priodonta (Fig. 5) was found in the highest numbers after
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3
depth
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Fig. 5

ASPLANCHNA PRIODONTA
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the filling of the pond in May and in the beginning of June. The numbers 
are slightly lower than those found by Pejler (1961) and Nauwerck (1963).

Synchaetidae
Synchaeta (Fig. 6) occurred in May and from October to January. Syn- 

chaeta shows together with Polyarthra spp., the highest numbers of the
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SYNCHAETA SP.

depth

1962 VEGETATION ICE

rotifers. In the winter of 1960/61 Synchaeta was lacking. This may have 
been due to the draining of the pond in October 1960. The resting eggs may 
have been mostly destroyed then, and when the pond was filled at the 
beginning of November the few individuals could not give rise to popula­
tions as large as those found in the following winters.
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Fig. 7 SYNCHAETA SP.
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Nauwerck (1963) found Synchaeta oblonga and S. truncata from De­
cember to May, with a maximum in the end of January. Pejler (1961) 
found a maximum of S. pectinata and 5. truncata in May-June in the 
small Ösbysjön. Hyttödammen differs from these in that one maximum 
occurred in November-December (1961) and another shorter one in May 
(1961). The horizontal distribution in Fig. 7 showed the highest values close 
to the shore in December 4, 1961. By January 15, 1962 the population had 
almost died out. Somewhat higher values were to be found close to the 
shore even at that date.

Polyarthra was represented by the species P. vulgaris, P. major and P. 
dolichoptera. These species were only differentiated from one another in 
samples taken from the time of the filling of the pond in spring 1960 to 
the beginning of November 1961. The distribution of the species during 
that time can be seen in Figs. 8—10. The sum of the three species is given 
in Fig. 11. In Fig. 12 are given the horizontal distribution of the most 
common species during the summer, of P. major, and the sum of the three 
species.

From Fig. 8 it can be seen that P. vulgaris was to be found in low 
quantities in the summer. P. major in Fig. 9 was more common and had 
higher values in areas free from vegetation. This tendency was also found 
in Fig. 12, especially on August 28, 1961. No vertical stratification in the 
distribution was found. P. dolichoptera in Fig. 10 was to be found in low 
quantities and almost only at site 1, perhaps favourably influenced by 
the Dalälv water.

As is seen in Fig. 11, the sum of the three species was high in the sum­
mer at site 1 (P. dolichoptera) and at sites 2, 3 and 4 (P. major) and in 
the winter throughout the pond (probably P. vulgaris). As was the case 
with Synchaeta, the highest values were found close to the shore, for 
example on January 15, 1962. The observations of the temporal distribution
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Fig. 8

POLYARTH RA VULGARIS

1961 VEGETATION

1960

Fig. 9

POLYARTHRA MAJOR

( ind /1 )

VEGETATION
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of P. major agree with those by Pejler (1961) in the small Ösbysjön. Nau- 
werck found it only rarely in Lake Erken. In 1959—61 the temporal 
distribution of P. major at site 4 was about the same as in Lake Erken, 
but in 1962 it was present for a somewhat shorter time.

P. dolichoptera is considered as a cold-water form (see references given 
by Pejler 1961 and observations by Nauwerck 1963). However, Pejler 
also found it in the summer at temperatures of 18—19°C, and the temper­
ature conditions were the same at site 1 when P. dolichoptera was found. 
(Cf. Arnemo 1964, pp. 19—20.) The number of ind./l. was very low in 1962 
at site 1, and the maximum in 1960 was not as high as in 1959 and 1961.

P. vulgaris was found by Carlin (1943) to be common in summer and 
rare in winter. Pejler (1957 a and b) found it throughout the year. The 
two authors cited found it to be one of the commonest rotifers. In late 
winter Pejler found a decrease caused by too low a concentration of 
oxygen. In Hyttödammen the oxygen concentration might also be the factor 
that reduces the population, though the oxygen content never reaches zero. 
Pejler (1956) found that P. vulgaris avoided low oxygen levels. The num­
bers in Hyttödammen were about the same order of size as those of the 
cited authors.

Ploesoma hudsonii was found, though but rarely, in August.
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Fig. 11

POLYARTHRA VULGARIS * MAJOR * DOLICHOPTERA

VEGETATION

T estudinellidae
Filinia occurred, though but rarely, in August.

Floscul a riidae
Sinantherina socialis (determined by Dr. B. Berzins) was found in vary­

ing abundance during the whole summer (Fig. 13). Judging from the ver-
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POLYARTHRA VULGARIS + MAJOR + DOLICHOPTERA

( ind./ 1.) 50 - 100( ind / l.) I I

tical distribution of the species it is apparent that Sinantherina socialis lives 
near the bottom. This is also emphasized in the results from a series of 
samples taken at four-hour intervals on September 1 and 2, 1961. The 
values indicate the number of ind./l.:
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Fig. 12 b POLYARTHRA VULGARIS + MAJOR + DOLICHOPTERA cont'd.

4 Dec. 15 Jan.

100 m

16 July

Depth m 0 1
Time

0600 .......... 538
1000 .......... ___ 1 - 406
1400 .......... 2 4 144
1800 .......... ___ i 2 467
2200 .......... .... - 1 235
0200 .......... ___  3 2 -

From this it can also be seen that the species occurred in a thin layer close 
to the bottom. This layer might at times be missed by sampling, giving the 
impression of a rapid population decrease.

As this colonial species is sometimes free-swimming and sometimes at­
tached, its inclusion in considering zooplankton might be questioned. How­
ever, in the present article, all the observed species, even the benthic, have 
been added together to obtain the total standing crop of zooplankton. The 
somewhat haphazard sampling of the benthic organisms did not allow iso- 
pletes to' be drawn in Fig. 13.
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SINANTHERINA SOCIALIS

1962 VEGETATION ICE

Co nochili dae
Conochilus hippocrepis and C. unicornis are added together in Figs. 14 

and 15. These two species are colonial plankters. They were found from 
June to October. The numbers in September and October were much lower 
than in the other months. The time and the magnitude of the maxima vary
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from year to year. The number of ind./l. are higher than Pejler (1957 a) 
and Nauwerck (1963) found. Pejler (1957 b) did not find C. unicornis 
in any small lakes and ponds in central Sweden. The observations in the 
present investigation agree with Carlin-Nilsson (1935) in his investigations 
of the ponds at Aneboda. In Fig. 15 it can be seen that the vegetation did
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Fig. 15 CONOCHILUS HIPPOCREPIS + UNICORNIS

not influence the horizontal distribution of these species. However, they 
never occurred in high numbers in the part of the pond where the Dalälv 
water enters.

2. Cladocera

Limnosida frontosa was found very rarely in July 1962. It is usually 
considered to be distributed only in the pelagic zone (Sars 1865, Lilljeborg 

1900) but the few individuals in Hyttödammen were found both within and 
outside the vegetation. GrimåS et al. (1954) found it only rarely in the ponds 
at Bergeforsen.

Diaphanosoma brachyurum (Fig. 16) was found from May to September 
in low numbers. No significant vertical distribution and no differences in 
occurrence between the years were found. The horizontal distribution in 
Fig. 17 shows that the higher values are found both in 1961 and 1962 within 
and in the vicinity of the small bay in the south-eastern part of the pond. 
Perhaps this irregularity in the distribution is due to the environment (see 
Arnemo 1964, pp. 39—40 and Fig. 18).
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DIAPHANOSOMA BRACHVURUM

1962 VEGETATION ICE

The number of ind./l. are much lower than those found by Nauwerck 
(1963) in the epilimnion in Lake Erken, but are similar to the observations 
by Grimas et al. (1954), and Pejler (1961, 1962) for small lakes and ponds. 
Nordquist (1921) found it to be sub-dominant in eutrophic and oligotrophic 
ponds in south Sweden, and Saks (1865) mentioned that the species was
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HOLOPEDIUM GIBBERUM CER10DAPHNIA RETICULATA

1962 
14 Jun* 2 Aug. 26 Aug.

SPECIES (ind/L) 0-FOR ALL

distributed in low quantities in the pelagic as well as in the littoral zones. 
Quite contrary to the observations of Sars are those of Wesenberg-Lund 

(1952), who considers D. brachyurum a typical pelagic species, occurring 
even in small lakes but never within the vegetation. This last finding does 
not agree with the findings in Hyttödammen. The low values in Hyttö- 
dammen agree with those found in other ponds and small lakes. The species 
is considered to be a warm-water form, and in the small water bodies re­
ferred to above the temperature in the summer reaches high values which 
ought to favour the development of D. brachyurum. Further discussion of 
what may be limiting the population occurs on p. 265.

Holopedium gibberum was to be found from May to September, as seen 
in Fig. 18, with a maximum in June and highest numbers at site 4. This 
is the second most abundant Crustacea species, after Bosmina. The maximum 
density of the population varies from year to year at site 4. At the other 
sites the numbers are very low during the maximum and the species is 
rarely to be found (see also Fig. 17). At the time when the vegetation grows 
up, the population density at site 4 equals that of the other sites. With the
15
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HOLOPEDIUM GIBBERUM

exception of the observations at site 4, the distribution at the sites agrees 
with the observations of Sars (1865), Ekman (1904) and Wesenberg-Lund 
(1952), who found it only rarely close to the shore and in the littoral among 
vegetation. Site 4 is situated in the part of the pond where no vegetation is
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growing. However, the decrease in the population density at the other sites 
might be influenced by the presence of the dense vegetation.

Among the Swedish investigations giving quantitative information, Pejler 
(1961, 1962) and Nauwerck (1963) did not find H. gibberum in eutrophic 
lakes, and Lindström (1952, 1958), Grimås et al. (1954), Axelson (1961) 
found it only in small quantities. Puke (1949) found it in central Sweden 
only in waters poor in electrolytes, and Pejler (1965) considers it to be an 
indicator of oligotrophy. Lötmarker (1964) found it to be one of the domi­
nating species in his investigation of thirteen north Swedish lakes. Freiden- 
felt (1921) gave some quantitative information from some tarns. In one 
of them (Oxögat) he noted a total zooplankton volume of 15.88 cm3/m3 at 
a depth of 2 m. This total was mainly H. gibberum which may have been 
at a maximum at that date. The volume is of the same order of size as the 
maximum found in Hyttödammen in the middle of June 1961 (mean value 
at site 4 on June 14: 7.15 mm3/l). However, Freidenfelt also found the 
species in samples taken on June 9, as well as on August 14 and September 16.

The differences in population development observed in Hyttödammen at 
site 4 in the beginning of July and in Oxögat by Freidenfelt, seem dif­
ficult to explain. Hamilton (1958) notes an upper limiting temperature 
value for survival of 25°C. Perhaps the temperature in Hyttödammen which 
rapidly increases to 20°C in June, determines the further development of 
the population, though the temperature later never reaches lethal values. 
Thienemann (1926) considered that H. gibberum preferred oligotrophic, cal­
cium-poor waters. According to Thienemann, Hyttödammen is oligotrophic. 
Arnemo and Nauwerck (1965) found Hyttödammen to lie between oligo­
trophic and eutrophic sensu Rodhe (1958). Hyttödammen is also-considered 
to be calcium-poor, as Hamilton (1958) gave an upper limit of 20 mg/1 Ca++. 
The values found in Hyttödammen are shown on pp. 46—47 in Arnemo 
(1964). However, it is to be noted that calcium is the dominant cation.

Other factors that limit the population size and make comparisons be­
tween different environments difficult are differing competition for food 
and the differing influence of predation. All the factors mentioned above may 
be illustrated by the findings of Hamilton (1958), who did not observe any 
environmental differences (7 factors) in 30 Scottish lochs, yet found Holo- 
pedium in only some of them.

Daphnia cristata with the three forms D. c. cristata, D. c. longiremis and 
D. c. cederströmi have been determined by Dr. B. Berzins. D. cristata (Fig. 
19) was found in low numbers from May to the beginning of October. At 
site 1 where the species was most numerous, differences seemingly exist 
when 1960 is compared with 1961 and 1962, but this is likely to be a result 
of the two sampling methods used. Table 1 plus observations in the field 
show that D. cristata was distributed close to the bottom at site 1 (depth = 
0.4 m). When taking a water-column sample with a plexiglass tube the
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individuals of D. cristata were crowded into the ten centimetres closest to 
the bottom. This part of the water column can never be taken in a Ruttner 
sampler.

D. cristata was common in some of the lakes investigated by Lötmabker
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(1964). However, in ponds in Sweden other species of Daphnia are reported 
by Nokdquist (1921) to dominate the zooplankton and Grimås et al. (1954) 
found Daphnia only a few times, so it was certainly playing a subordinate 
role as in Hyttödammen. Because of the low frequency of occurrence of D. 
cristata in Hyttödammen, nothing can be said about its vertical or horizontal 
distribution. Males were observed in September and October.

Scapholeberis mucronata was found rarely in the pond and almost ex­
clusively at site 1. As it is considered to live in immediate contact with the 
surface of the water where it feeds on neuston (Naumann, 1921), the two 
sampling methods give very different results (Table 1). It is underrepresented 
when sampling is done with a Ruttner sampler. This sampling problem 
explains the differences observed between its occurrence in 1960 from June 
to September in 50 % of the samples with a frequency of 1—6 ind./l. and 
in 1961 from July to September in 80 % of the samples with a frequency 
of 1—63 ind./l. Grimås et al. (1954), in the only quantitative sampling from 
Sweden, found it in low numbers in few samples. Nordquist (1921) con­
siders S. mucronata to be an oligotrophic pond form.

Simocephalus vetulus was found very rarely from July to September with­
in and outside the vegetation. Lilljeborg (1900) considered S. vetulus to be 
a common species in ponds and small waters, always occurring in contact 
with the vegetation.

Ceriodaphnia reticulata (Fig. 20) was found very irregularly at the differ­
ent sites. Its sudden occurrence in high numbers probably indicates that 
swarms were present. It occurred from May to September, which is about 
the same season as that in which Lilljeborg (1900) found the species in 
the vicinity of Uppsala. Lilljeborg, the only information from Sweden 
about C. reticulata, observed it in ponds and small waters. As a rule the 
horizontal distribution was as shown in Fig. 17 on August 2, 1962, with 
no significant differences. On one occasion, August 28, 1962, somewhat 
higher values were found in areas with dense vegetation.

Bosmina coregoni and B. longirostris were the most numerous of the zoo­
plankton in Hyttödammen. Dr. B. Berzins has determined three forms 
of the former species, B. c. arctica, B. c. longispina and B. c. obtusirostris, 
and one of the latter, B. 1. pellucida. When counting the samples no distinc­
tions were made between the two species. Spot checks were made to get an 
idea of the proportions of the two species, and judging from these B. coregoni 
dominated.

From Fig. 21 it can be seen that B. spp. were found regularly from May 
to October, and rarely found throughout the winter. There is a difference 
in the concentration at sites 1, 2 and 3, where there is dense vegetation, 
compared with site 4, where there is no vegetation. This difference is also 
found at times when no vegetation is grown up. Maximum population density 
is very hard to determine because of the rapid changes of generations (cf.



230 ROLF ARNEMO

Fig. 20

CERIODAPHNIA RETICULATA

p. 260) and to some extent also becase of probable overshadowing by swarm 
formation. However, as a rule, it seems that several maxima occurred in 
July-August.

The horizontal distribution (Fig. 22) emphasizes the observations that 
were made above. The highest concentration observed was 1,486 ind./l. in
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a sample from August 2, 1962. Summarizing the numbers found in the time 
of high population density it can be said that most samples in areas covered 
with vegetation contain 100—300 ind./l. and in areas without vegetation 
10—30 ind./l.

Bosmina as a rule dominates or is one of the dominating species of the
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Fig. 22 a BOSMINA COREGONI + LONGIROSTRIS

Cladocera both in lakes and ponds (Pejler 1961, Nauwerck 1963). It is 
sometimes found to be most numerous of the zooplankton (Grimas et al. 
1954, Axelson 1961), as is the case in Hyttödammen, when the population 
densities at the time of the yearly peaks are considered. Without giving any 
quantitative data, Nordquist (1921) in ponds and Lötmarker (1964) in 
lakes found that Bosmina dominated the zooplankton. The horizontal distri-
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Fig. 22 b BOSMINA cont'd.

2 Aug. 28 Aug.

1/ I 50-100( ind. / 1.)

19 Sept.

bution agrees with that found earlier. Berzins (1958) found higher values 
in the littoral among the vegetation and between the vegetation and the 
shore (Bosmina longirostris similis) than in the pélagial (Bosmina coregoni 
longispina). Axelson (1961) also found higher values of Bosmina obtusi- 
rostris in the littoral although it was free from vegetation.

Males were found in Hyttödammen in September. In some samples con­
taining more than 100 ind./l. of B. spp., about 5—10 % were males.

Ophrgoxus gracilis was present very rarely from July to September in 
samples taken in the vegetation.

Eurycercus lamellatus occurred very rarely in August and September in 
samples taken in the vegetation. Because it is benthic, the occurrence of 
E. lamellatus is not properly represented in this investigation. This is con­
firmed by the observation on fish stomachs, where E. lamellatus was fre­
quent.

Camptocercus lilljeborgi was present from July to September at a concen­
tration of 1—4 ind./l. in about 10 °/o of the samples. It was found more 
often within the vegetation than outside.

Acroperus harpae was found, though rarely, from June to October. Out­
side the vegetation it was only found close to the bottom at site 4. One male 
was observed in the middle of September.

Rhynchotalona rostrata occurred, though rarely, from July to September, 
both outside and within the vegetation.

Graptoleberis testudinaria was found from July to September, with a 
more frequent appearance in August. It is almost exclusively found close 
to the bottom at site 4.

Alonella was present from July to October in about 10 % of the samples, 
both outside and within the vegetation.

Pleuroxus trigonellus occurred very rarely in August and September, but
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only among the vegetation. One male was observed in the middle of Sep­
tember.

Chydorus sphciericus was the most common of the Chydoridae. It was 
found from May to October outside and within the vegetation. It is not 
considered as a planktic species but is often found among zooplankton even 
in lakes (Nauwerck 1963, Pejler 1965). In Hyttödammen it was found 
at site 4; not only at the bottom but also up at the surface. C. sphaericus 
was found in about 25 % of the samples, as a rule in a concentration of 
1—5 ind./l. and a maximum of 20 ind./l. Maximum population density 
seemed to occur in August.

Polyphemus pediculus (Fig. 23) was almost only found at site 1, where 
it occurred from June to September. Because of its appearance in swarms, 
it is impossible to say anything about the maximum size of the population. 
Observations in the field showed that during the filling of the pond with 
water, P. pediculus rapidly increased in numbers and was found in swarms 
close to the shore. Later on, competition for food and predation by Hetero- 
cope (see below) decreased the population density, but there were always 
some individuals present throughout the summer. The species according to 
Ekman (1904), is arctic or subarctic. In the birch-tree region of the subarctic 
he found it in the littoral of the lakes and in ponds and very small shallow 
waters. It is also well known from many investigations, e.g. Axelson (1961) 
and Lötmarker (1964), that it occurs sporadically in the pélagial and that 
these individuals have been transported by water movements from the 
littoral where they are common.

If competition and predation did not occur, it is probable that the popula­
tion of P. pediculus would continue to develop in Hyttödammen. With re­
spect to the arctic or subarctic origin of the species, the temperature in the 
summer in Hyttödammen could influence the development negatively, but 
the species is widely distributed in Sweden and some parts of Europe (Lillje- 
borg 1900) where the temperature is higher. Most probably the disappear­
ance of P. pediculus in the pond itself is due to competition for food and 
predation. However, in the inlet pond where site 1 is situated, the conditions 
for P. pediculus seem to be more favourable. As will be shown later on 
(p. 260) the zooplankton community at site 1 differs very much from that 
of the pond itself, in that almost all the animals were Cladocera. As P. pedi­
culus was the only carnivorus Cladocera (Naumann 1921) found at site 1, 
there was thus little competition from the Copepoda and the Rotatoria. In 
the pond the Copepoda, consisting of littoral forms (the Cyclopoida) as well 
as pélagial (the Calanoida), successfully compete with the littoral form P. 
pediculus, in spite of the littoral character of the pond. In addition the 
numbers are reduced by predation from Iieterocope (Burckhardt 1944), 
see also p. 243—4. This is different from what can be found in the littoral zone 
of lakes, where Bosmina and Polyphemus dominate the zooplankton com-
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POLYPHEMUS PEDICULUS

munity. On the other hand the normal picture of a pond probably agrees 
with that of the littoral in a lake. Thus Hyttödammen must be considered 
as lying between a strictly littoral pond and a small lake, as far as the 
composition of the zooplankton is concerned.
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NAUPLII OF CALANOIDA

E2»-»»

1962 VEGETATION ICE

3. Copepoda
Heterocope appendiculata is the most important of the Copepoda for the 

fish, which eat the adults and to some extent also the copepodids IV—V. 
The different stages of its development are given on the following Figures: 
nauplii (shown together with those of Eudiaptomus graciloides) in Figs. 24
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14 July

Fig. 25 NAUFLII OF CALANOIDA

4 Aug-31 July

11 Sept.28 Aug.21 Aug.

28 Aug.

'■> Oo-io I71l0- 50 EZ3

and 25; copepodids I—III in Figs. 26 and 27; copepodids IV—V, together 
with the adults, in Figs. 28 and 29.

From other investigations it appears that Heterocope appendiculata never 
dominates the Copepoda. In Hyttödammen it was as common as Eudiap- 
tomus graciloides, perhaps even a little more numerous. The Cyclopoida
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depth

COPEPODIDS I-I OF HETEROCOPE APPENDICULATA

numerically dominated at some times but were never of the same importance 
as H. appendiculatci. Measured as volume, H. appendiculata was the most 
important of the Copepoda.

There are many problems involved when the annual cycle of H. appendi­
culata is determined from the temporal distribution of the different stages.
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Fig. 27 COPEPODIDS 1-0 OF HETEROCOPE APPENDICULATA

31 July7 July
14 July

•c* O

14 June11 Sept.28 Aug'.

(ind/ I.).

16 July

From the distribution of the nauplii little information can be obtained be­
cause of the difficulty of distinguishing the nauplii of the two calanoid 
Copepoda from each other. However, the proportions of the two species 
ought to be reflected in the occurrence of the copepodids and the adults. 
As the oldest stages of H. appendiculata, but not Eudiaptomus graciloides,
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are subject to predation, the best information ought to be obtained from 
the counts of the copepodids I—III as given in Figs. 26 and 30. When com­
paring them, the material from 1959 is omitted because of the uncertain 
determinations of the Copepoda. Even if the values from the other years 
are low, making the distinction somewhat uncertain, the values indicate that 
E. graciloides has densest populations in August, with only one yearly peak, 
and H. appendiculata has a maximum in June and July, with perhaps several 
peaks during the year.

Thus, the high values of nauplii in Fig. 24 in May 1960 and 1961 most 
probably belong to the predominating H. appendiculata, while in June E. 
graciloides predominates. Later in the summer, the proportions of the two 
species are more difficult to determine. Except at site 1 no differences in 
the occurrence of the nauplii at the different sites are to be found in Fig. 24. 
The horizontal distribution in Fig. 25 does not give any further information 
about significant differences in the pond. Only the region closest to the inlet 
of Dalälv water from the inlet pond, where site 1 is situated, shows lower 
values. The water inflow is so small that the observed irregularity of distri­
bution is not due to any velocity of the water. It is possibly an effect of 
unknown environmental factors.

As there is no information about the biology of Heterocope appendiculata, 
the following description of the annual cycle of the population of H. appendi­
culata (considered a warm-water form; Rylov 1935) has to be compared 
with the results of Elster’s (1936) careful investigation of the biology of 
H. borealis (considered a cold-water form).

Elster found that H. borealis in the Bodensee began its cycle in the spring 
when the eggs hatched to produce nauplii. The eggs were laid the previous 
autumn from August to December. The hatching of the eggs and the devel­
opment stages of the nauplii took place at the very low temperature of the 
bottom water. In the lake a calculated time of about 60 days was necessary 
for development to copepodid stage IV, and thirty days after becoming adult 
the individuals were sexually mature and began to reproduce.

As the first copepodids IV in Hyttödammen appeared in 1961 30 days 
after the beginning of the filling of the pond with water (and 4 days after 
its completion) the development was more rapid than that in the Bodensee. 
The time of development for the eggs has long been known to depend upon 
the temperature, although the ideas of Elster (1936) were ignored and not 
applied to other species of zooplankton until Elster and his school started 
new investigations of other Copepoda and also applied the ideas to the nauplii 
and the copepodids (Nauwerck 1963, and literature cited by him). The in­
vestigations have also been widened to include the rotifers (Edmondson 1960, 
Amrén 1964). Thus the development of the different stages of H. appendi­
culata is favoured by the temperature.

Another factor of importance observed by Elster (1936) determining that
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all the eggs hatched within a very short period of time, was exposure of 
the eggs at some time to a higher temperature (14—16°C) than that of the 
lake (4—6°C). Elster set this “warm” period at 4 weeks and he did not 
perform further experiments to show whether the duration of the period 
was of significance. Perhaps a short-time exposure would also function as 
an alarm clock to the eggs. Hyttödammen is drained for at least one week 
in the spring and the bottom with the eggs is exposed to air temperature, 
which at Gävle reached a maximum on the warmest day of April 1959, 1960, 
1961 and 1962 of 19.8, 15.8, 19.3 and 14.0°G, respectively. The mean of the 
maximum temperatures for April was 9.7 and 7.8°C in 1961 and 1962 re­
spectively. (Data obtained from SMH1 Yearbooks 1959—1962.) The warm 
daytime temperatures perhaps in combination with the cold temperatures at 
night, seem to have sufficed as an alarm clock, to judge from the rapid 
growth of the population and from the appearance of the adults very soon 
after the filling of the pond. For the fish this is very important, as the oldest 
stages of H. appendiculata to a large extent serve as food for the fish from 
the time of their planting.

Through this warm-period exposure observed by Elster in the laboratory 
all the eggs were hatched within a short period, or at any rate within a 
much shorter period than in nature. That means that in Hyttödammen the 
copepodids I—III, occurring in July and August (see Figs. 26 and 27), prob­
ably develop from eggs laid in the same summer, and that at least two 
generations are to be found in Hyttödammen. Elster found that H. borealis 
in Bodensee was monocyclic.

The horizontal distribution of the copepodids I—III in Fig. 27 presents 
the same pattern as is described on p. 240 for the nauplii.

The copepodids IV—V, together with the adults of H. appendiculata, were 
found from May to October (Fig. 28). Alm (1916) found the same temporal 
distribution in Hjälmaren (central Sweden) as in Hyttödammen.

The horizontal distribution in Fig. 29 does not show any significant differ­
ences. The observation that the nauplii and the copepodids I—III avoided 
the surroundings closest to the inlet of Dalälv water is not true for the older 
stages. It is also quite obvious that the pelagic species H. appendiculata is 
also to be found among vegetation.

Information about H. appendiculata is sparse. The species was described 
by Sars (1863), who found it to be more common in the larger of the lakes 
investigated by him in Norway. It was common in the southern parts of 
Norway but was replaced by H. robusta, now called H. saliens, towards the 
north. Freidenfelt (1913) observed in his investigations of Daphnia in south 
Sweden that H. appendiculata made diurnal vertical migrations, but gave no 
more information. Lötmarker (1964) observed H. appendiculata, H. borealis, 
and H. saliens in his investigation of 13 lakes in northern Sweden. However, 
only one of the species occurred in every lake, and H. appendiculata was

16
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to be found in 4 of the lakes, namely those situated in the conifer region. 
Maximum population density was to be found between 0—5 m. The time of 
development was much shorter for Heterocope than for all the other Cope- 
poda. Pejler (1965) in his large regional investigation of the distribution 
of the zooplankton in central Sweden found that H. appendiculata avoided
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Fig. 29 COPEPODIDS
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shallow lakes and was restricted to oligotrophic lakes. An interesting obser­
vation about the food of Heterocope was given by Burckhardt (1944). He 
found that in small lakes the predation by Heterocope upon the Rotatoria 
and Cladocera caused an almost total depletion of these forms. In addition 
the effect of predation most probably varies with different species in differ-
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ent environments. In all likelihood because of this, Bosmina in Hyttödammen 
appears in large numbers in spite of its role as a probable prey for Hetero­
cope. In contrast, Polyphemus pediculus is found in low numbers.

Biometrical data were given by Rylov (1935). The females were 2.0—2.2 
mm in length and the males 1.8—2.0 mm. However, in Hyttödammen H. 
appendiculata is longer than that. The longest individual measured, taken 
on May 26, 1960, was 3.4 mm. The measurements were made on fixed mate­
rial and were intended for calculations of the volume. I was not then aware 
of the lack of biometric information in the literature on the different stages 
of development and only divided the material into the groups I needed. From 
the beginning of May to the end of August about 100 individuals were meas­
ured every fourteen days. From these measurements it seems as if the first 
generation of the year is much larger than the following:

The number of Heterocope appendiculata found in the longest length-classes.

1960 May 26 June 6 June 18
Total length mm 

2.8—2.89......................... 13 — 1
2.9—2.99......................... 2 --- ---
3.0—3.09......................... 3 --- ---
3.1—3.19......................... — --- ---
3.2—3.29......................... 2 1 —
3.3—3.4............................ 3 --- ---

This decrease in the number of long individuals is most probably due to 
normal mortality, rather than mortality caused by predation of the fish. 
That the following generation is shorter in length than the first is possibly 
a consequence of a better supply of food for the first generation (see p. 267) 
or of temperature. Margalef (1955) observed that individuals of the same 
species are larger in a cold than in a warm environment. In Hyttödammen 
the temperature is lower during the time of development of the first gener­
ation than of the later ones.

Eudiaptomus graciloides comes next in importance of the Copepoda after 
Heterocope appendiculata in Hyttödammen. The different stages of its devel­
opment are given in the following Figures: nauplii (shown together with those 
of Heterocope appendiculata and described on p. 240) in Figs. 24 and 25; 
copepodids I—III in Figs. 30—31; copepodids IV—V, together with the 
adults, in Figs. 32 and 33.

The earlier stages of the cycle of the population in May probably have 
shorter times of development than are usual in nature, as was discussed 
on p. 240. To judge from the appearance of the copepodids I—III, the first 
nauplii in the spring overwhelmingly belong to Heterocope and not to Eudiap-
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tomus. Another possibility is that a large population of nauplii of Eudiap- 
tomus was reduced through competition for food (see Fig. 30). Maximum 
population density seemed to occur at the end of July and August. The num­
bers of ind./l. were somewhat higher at site 4 than at the other sites. The 
horizontal distribution in Fig. 31 shows this also, but the difference is less
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Fig. 31 COPE POD IDS I-I OF EUDIAPTOMUS GRACILOIDES
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significant. The vertical distribution at site 4 showed higher values at the 
surface and 1 m than at the bottom.

According to Fig. 32 the copepodids IV—V and the adults were most 
common in August. The horizontal distribution in Fig. 33 shows, as was 
observed for the nauplii and the copepodids I—III of Heterocope appendi-
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dilata, that lower numbers of ind./l. are found in the part of the pond where 
the Dalälv water enters.

Eudiaptomus graciloides is common in plankton from lakes and ponds. 
Ekman (1964) has studied the cycle of the species in lakes and “winter­
geschlossene Seichtgewässer” in northern Sweden, where predation did not
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influence the population in any way. He found that E. grciciloides in the 
two types of environments differed somewhat as to the time of occurrence 
of the different stages. In the lakes the adults (expressed as a percentage 
of the different stages) occurred at a maximum level from October to Decem­
ber and many of the individuals from this maximum were found under the 
ice in March-April. In the small shallow waters the adults begin to appear
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in the middle of July and are at a maximum level from September to No­
vember. They die in January-February. In both types of environment, Ekman 

found only one generation each year. In Hyttödammen it is impossible to 
say whether more than one generation is to be found. The temperature in 
Hyttödammen is high during a longer time than in the small waters studied 
by Ekman in the arctic and subarctic region, making it possible for more 
than one generation to develop. However, the conditions are not similar to 
those in Lake Erken, lying in about the same climate as Hyttödammen, 
where Nauwerck (1963) found E. graciloides to be by far the most important 
of the Copepoda, producing several generations in the year.

The Cyclopodia of the Copepoda have been determined by Dr. U. Einsle 

to contain the following species: Macrocyclops albidus, Eucyclops serrulatus, 
Cyclops, Megacyclops viridis, Mesocyclops leuckarti.

The different stages of the Cyclopoida are given in the following Figures: 
nauplii in Figs. 34 and 35; copepodids I—III in Figs. 36 and 37; copepodids 
IV—V, together with the adults, in Figs. 38 and 39.

As shown in Fig. 34, the nauplii were found almost throughout the year. 
The number of ind./l. from the end of September and throughout the whole 
winter are very low. The numbers at the different sites do not differ signif­
icantly and there is a large variation to be found between years. In 1959 and 
1962 the nauplii were by far more numerous than in 1960—61. No pro­
nounced time of maximum can be determined. The horizontal distribution 
as presented in Fig. 35 shows that there is a tendency towards lower values 
close to the inlet of Dalälv water in the pond.

The copepodids I—III, shown in Fig. 36, were to be found at about the 
same time, at the same places, and at the same concentrations as the nauplii. 
However, the mortality in the large population of nauplii 1959 and 1962 
was high and the copepodids in those years were about as numerous as in 
1960—61. The horizontal distribution in Fig. 37 did not show any significant 
differences between different parts of the pond as the nauplii tended to do.
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The copepodids IV—V and the adults, according to Fig. 38, were found 
in low numbers throughout the summer, with a maximum at the end of 
May, indicating the same rapid development as is described on p. 240. They 
were equally numerous at the different sites. The horizontal distribution as 
shown in Fig. 39 gave no information about any horizontal differences. On
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Fig. 35 NAUPLII OF CYCLOPOIDA
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June 14, 1962, when high values were found, low values were observed in 
the part of the pond where later no vegetation grew up. Even though the 
vegetation had not yet grown up, the shallower areas seem to be preferred.

4. Standing crop of zooplankton

The standing crop of zooplankton, shown in Fig. 40, was calculated as 
mm8/l. as a rule. The highest values were found in July and August. The 
highest value ever found, 73.4, was on August 21, 1961, at site 1. The values 
varied from week to week at every site, apparently depending partly on the 
aggregation of the different species in swarms (cf. p. 208) and partly on the 
successions of species and generations (cf. p. 260).

From Fig. 40 it can also be seen that the summer values at site 4 are 
lower than at sites 1, 2 and 3. At site 4 the vertical distribution showed no 
stable long-term stratification. The values from 1959 were taken at site 2 
and 3 at a lower level than in the other years.

The horizontal distribution of the zooplankton expressed as standing crop 
in mm’/l, is shown in Fig. 41. From the Figure it can be seen that the lower
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Fig. 36
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result from site 4 noted above does not hold for all parts of the pond that 
are free of vegetation. This is especially clear from the results of July 16 
and August 2, 1962, when the biomass was high in the whole pond. The values 
obtained in the winter (December 4, 1961, and January 15, 1962) were about 
the same in the whole pond irrespective of the different depths at the sites and
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of the air bubbling going on in a part of the pond (cf. Arnemo 1964, p. 10 and 
Fig. 7 c). In the autumn there was a tendency for higher values in the south­
eastern parts of the pond than in the vicinity of the inlet of Dalälv water. 
These two areas have about the same quantities of vegetation, but the water 
is of different chemical composition (Arnemo 1964, pp. 83—85), and the



254 ROLF ARNEMO

differences in water-chemical conditions were greatest in September. The 
observed higher values of biomass may be caused by the different environ­
mental factors. At the same time the standing crop of zooplankton in the 
northern part of the pond, where the pond is free from vegetation and where
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Fig. 39 COPEPOOIDS 1V-V + ADULTS OF CYCLOPOIDA
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the chemical conditions are characterized by a mixture of the two waters, 
showed values lying between the two different areas.

To get information about the development of the standing crop of the 
whole pond, the mean values of the results obtained at sites 2, 3 and 4 have 
been calculated. The values for site 4 are mean values calculated from the
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results obtained at the three depths in the following way. The whole water 
column from surface to bottom is regarded as consisting of two parts, from 
the surface to 1 m depth and from 1 m depth to the bottom. The total con­
tent of animals in these two columns is calculated (the area is that of a 
Ruttner sampler) and added. Through division by the total volume of water
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in the column the mean value per litre is obtained. As the biomass at the 
different sites differs as described above, the choice of these three sites 
might give an erroneous index for the whole pond. However, the values ob­
tained can be tested against the mean values calculated from the large num­
ber of samples taken to show the horizontal distribution. These last-men­
tioned mean values are obtained from about 20—30 samples each time.

17
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In Fig. 42 a and b is shown She comparison between the mean values ob­
tained in 1961 (a) and 1962 (b) from the three sites (given as a curve) and 
the 20—30 sites used to show the horizontal distribution (given as black 
circles within a triangle). Of the 14 black circles only 1 falls somewhat out­
side the curves. Thus one can assume that the mean value from the three 
sites give truly representative information as to the development of the stand­
ing crop of zooplankton in the pond.

In Fig. 42 c the development of the standing crop of zooplankton in Hyttö- 
dammen in the different years of investigation is compared, and also con­
trasted with the values found by Nauwerck (1963) in Lake Erken. From 
the Figure it can be seen that, omitting the uncertain results from 1959, some 
maxima seemed to appear every year, even though the maxima differ in 
order of size. There seemed to be about 4—5 succeeding maxima in the 
course of the summer, due to significant oscillations in the biomass of zoo­
plankton. They were to be found at the beginning of June, at the end of 
June and beginning of July, at the end of July, at the beginning and in 
the middle of August, and perhaps also in September. It seems as if the
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described phenomena in the zooplankton differ from those found by Nau- 

werck. He found two large peaks in the summer stagnation period, of which 
the first, in July, was dominated by Eudiaptomus graciloides and the second, 
in August, by Diaphanosomn and Ceriodaphnia. In Hyttödammen the suc­
ceeding maxima were caused partly by a succession of different species and 
partly by a succession of generations within one species. In Lake Erken the 
generations overlapped each other so that no oscillation due to their suc­
cession could be observed, and the curve was even.

A significant difference in the development of the biomass from the end 
of September onwards is also to be found when comparing Hyttödammen 
and Lake Erken. In Hyttödammen a very rapid decrease in the end of Sep­
tember occurred, but in Lake Erken the decrease towards the end of the 
year went more slowly. Probably this difference is due to the different rate 
of change of the temperature when the cooling of a small water mass such 
as Hyttödammen is compared with the cooling of a large one such as Lake 
Erken. Even if the standing crop of zooplankton in Hyttödammen oscillates 
much more than in Lake Erken, a calculated value of mean standing crop 
from June to September gives about the same order of size in both but still 
lower values in Hyttödammen. When considering this, it must be kept in 
mind that the values from Lake Erken are mean values from a sampling 
station that is ten times deeper than those in Hyttödammen. As a rule the 
biomass of zooplankton decreases in the deeper layers, which means that 
the values from Hyttödammen are slightly favoured. Thus, the mean value 
from Lake Erken, based on 17 samples in 1957, was 10.20. In Hyttödammen 
the values for the years 1960, 1961 and 1962 were 9.34, 6.33, 6.93, based on 
17, 17 and 16 samples. However, these values do not say anything about 
the productivity in the two compared materials.

The volume of the Rotatoria was low as a rule. In Fig. 43 their part of 
the standing crop of zooplankton volume is shown. The highest values were 
found in the spring after the filling of the pond and from October throughout 
the winter, due to an increase in the numbers of rotifers but also above all 
to the absence of most of the Cladocera and Copepoda. In the summer a 
tendency towards higher values at site 4 than at the other sites can be ob­
served. This is due to the occurrence of Polyarthra major.

The Cladocera (Fig. 44) was the most important group of the standing 
crop of zooplankton in the summer at all the sites, but with some variation 
between sites and between years. At site 1 the zooplankton often consisted 
only of Cladocera. At sites 2 and 3, where vegetation was found, the values 
as a rule were higher than 60 %, and often over 90 %. At site 4 the values 
as a rule were higher than 50 % but rarely over 90 %.

The Copepoda (Fig. 45) ranked in importance between the Rotatoria and 
the Cladocera, as a rule making up between 10 and 40 % of the biomass. 
This group was regularly more numerous at site 4 than at the other sites, 
and was almost absent at site 1.
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5. Zooplankton in the organic drift into the pond

In the observations of Müller about organic drift in streams (1955) it 
was shown that even zooplankton organisms from the pelagic zone in lakes 
were transported. Here only the role of zooplankton in the organic drift will 
be treated. In the observations made by Arnemo (1960), it was shown that
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the drift of zooplankton via the flume to the pond was very small and was 
dominated by Rotatoria. This is also shown in the various Figures in this 
article showing the distribution of the species. In all these Figures the values 
from 1959 are found at site D. While the importance of the drift of zoo­
plankton in the flume was shown to be very slight, the importance of the
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inlet pond had to be taken into consideration. Thus, the drift from the inlet 
pond into Hyttödammen had to be examined.

In the inlet pond where site 1 is situated, the zooplankton community 
(see p. 260) consists almost only of Cladocera, which often showed high stand­
ing crop values. No fish were placed there and no fish were permitted to
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migrate from Hyttödammen. As it was desirable to take advantage of the 
production of the inlet pond via organic drift, fish meal was regularly added 
at site 1 to increase the production and thereby also the drift. However, as 
can be seen in all the Figures, (see under site 1 a), the drift of zooplankton 
to Hyttödammen was very small, compared with the number of individuals 
occurring in the inlet pond. The velocity of the short stream fluctuates greatly, 
reflecting the varying quantities of inflow from the flume. As was shown 
by Brook and Woodward (1956) some species of the Crustacea show an 
avoidance reaction when they are about to be carried away by the outflow. 
The desired effect of the food supply could be increased if the flow of water 
through the inlet pond was more rapid.

However, some organic drift can alreadj^ be observed under the prevailing 
conditions, partly from the Figures and partly from observations in the field. 
The standing crop (Fig. 40) showed low values by quantities per litre but 
when the quantities passing per unit of time are considered, the values be­
come of some importance. The maximum flow is about 100 l./sec but it can 
decrease to about 10 l./sec. Of the zooplankton found in the samples, the 
Cladocera and the Rotatoria (Figs. 43 and 44) were most common. The 
Copepoda (Fig. 45) were less significant, reflecting the conditions at site 1 
already described above (p. 260). This material is too sparse to permit any 
analysis of differences between the zooplankton community in the inlet pond 
and the community occurring in the organic drift, and therefore of the cor­
relation between the velocity of the outflow and qualitative composition of 
the zooplankton in the organic drift.

Through observations in the field it can be verified that an organic drift 
was present. A shoal of some thousands of fishes could be observed swim­
ming in the stream immediately at the outflow into Hyttödammen and from 
time to time they made short, rapid attacks against drifting objects. This 
will be dealt with in detail in a later article about the food of the fish.

6. Distribution close to the shore

As noted above (p. 235), Hyttödammen not only showed a zooplankton 
commynity that was typical for ponds and littoral conditions but also in 
some ways showed pelagic conditions typical of lakes. Some further informa­
tion about the zooplankton on these points can be given here, based upon 
the results obtained from samples taken on August 21, 1961. Samples were 
taken at site 4 and at some other sites lying along a line northwards from 
site 4 (cf. Arnemo 1964, Fig. 2). The last sample was taken at the dam where 
the depth was 0.1 m. All the sites lie within the area of the pond that is 
not covered with vegetation. The lack of vegetation even close to the shore 
at the dam is due to the fact that the bottom consists only of the stones 
making up the dam. With the exception of site 4 the sites lie at distances 
from the shore of 4.0, 1.0, and 0.1 m, where the depths are 2.2, 0.4 and 0.1 m.
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The results show that the standing crop of zooplankton was about the 
same at all the sites with 1—5 mm3/l. except at the site located closest to 
the shore with 22.6 mm3/l. The difference is almost wholly due to the differ­
ent numbers of Bosmina in the samples (cf. cited literature, p. 233). Closest 
to the shore there were 351 ind./l. of Bosmina, which is about the same order 
of size as in the samples taken among the vegetation ( = littoral part of the 
pond). In the other samples the numbers were about the same (10—30 ind/1.) 
as those found in areas free from vegetation ( = pelagial part of the pond). 
The observations on the occurrence of Heterocope appendicnlata in the sam­
ples to some extent reinforce the impression of a very small littoral zone 
closest to the shore in areas free from vegetation. This species was found 
in the sample taken 4 m from the shore, but not in the two samples taken 
closer to the shore.

7. Additional comments on environmental factors and zooplankton

(a) Temperature.
The temperature cycle has been described by Arnemo (1964, pp. 19—25). 

As is characteristic for a small and shallow water mass such as Hyttödam- 
men, it heats and cools rapidly in response to the large variations in air 
temperature. Thus, there may be a shorter time of development for some 
species compared with their development in a lake (see p. 240 for the cope- 
podid stages). This would be especially true for those species occurring soon 
after the filling of the pond in the spring, when a rapid heating is observed. 
In addition, this rapid increase of temperature may have harmful effects 
and may contribute to shortening the life span of some species (see p. 227, 
Holopedium gibberum). In the summer the larger variations in the temperature 
in a pond most probably affects warm water forms harmfully so that they 
do not develop a large population (see p. 223—5, Diaphanosoma brachyurum). 
The curve of the biomass of zooplankton shows many peaks in the summer 
(see p. 258), caused by unequal generation size and the succession of species, 
which in turn may be an effect of temperature. However, the variation in 
the populations of all the species might also be due to an indirect influence 
of the temperature, namely that upon the development of food organisms 
of the zooplankton.

Arnemo (1964, Fig. 6) observed a horizontal transport of water in Hyttö- 
dannnen on some occasions. In lakes this transport has also meant a trans­
port of the organisms giving results that would have been very difficult to 
explain if the temperature (even in horizontal directions) had not been meas­
ured (Axelson 1961, Schröder 1962 a). In Hyttödammen the stratification 
is not of the same order of size as in a lake and the vertical distribution 
of the standing crop of zooplankton is too weak to give any information as 
to the importance of this factor for the horizontal distribution of the organ­
isms. Compare Fig. 41 in this article and Fig. 6 in Arnemo 1964.
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(b) Chemical conditions.
As was described by Arnemo (1964) Hyttödammen receives water from 

two sources, namely from the river Dalälv and from some springs opening 
in the pond (op.cit., p. 30 ff.). These two waters differ very much in chemical 
composition (op.cit., p. 41) and when the vegetation has grown up it hinders 
horizontal mixing so that a horizontal heterogeneity may develop. Drawing 
rough limits, one can say the parts of the pond with dense vegetation may 
be divided into a Dalälv-influenced part in the south-west and a spring- 
influenced part in the south-east. When discussing differences in distribution 
of some species of zooplankton, it must be kept in mind that without labora­
tory tests it is hardly possible to say whether an observed tendency is due to 
a preferring or avoiding reaction or to some other effect. For species occur­
ring only in the Dalälv-influenced part of the pond, another possible ex­
planation is that these were transported to the pond from the Dalälv and 
are beginning to establish a population.

Species that are to be found in higher numbers in the spring-influenced 
part and to some extent in the adjoining region of the Dalälv-influenced part 
are: Conochilus spp. (see p. 223), Diaphanosoma brachyurum (see p. 223), 
nauplii and copepodids I—III of Heterocope appendiculata (see p. 240—1), 
copepodids IV—V and adults of Eudiaptomus graciloides (see p. 246—7), 
and nauplii of the Cyclopoida (see p. 249). Moreover, the standing crop of 
zooplankton (see p. 253) showed higher values in the same border area and 
the greatest differences were observed in September, when the chemical 
differences were greatest. However, it is still impossible to say anything 
definite about the influence of chemical conditions upon the distribution, 
because of the limited amount of data. Noteworthy is the distribution of 
Diaphanosoma brachyurum, which differs from that of the other species 
mentioned above, cf. p. 223. It is also surprising to find that different stages 
of the Calanoida appear to behave differently. This observation underlines 
the difficulty of interpretation and makes it possible for another factor, e.g. 
competition for food, to be responsible for the distribution.

Keratella cochlearis is the only species that shows highest values in the 
Dalälv-influenced part of the pond (compare p. 209). It is most probably 
transported to the pond from the Dalälv and first develops a stable popula­
tion in the inlet pond, where site 1 is situated. From there the population 
tries to widen its distribution, but is successful only in the autumn and the 
winter.

(c) Vegetation.

The higher aquatic vegetation is generally considered to support a larger 
zooplankton biomass than is the case in the pelagic zone. As was discussed 
above, (see p. 209) the vegetation also is considered to have an antagonistic 
effect upon the rotifers. As to the distribution of the different species, only
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a few showed higher values in or outside of the vegetation. Polyarthra major 
(see p. 215) was found in higher values outside the vegetation, Holopedium 
gibberum (see p. 225—7) showed a similar distribution, when this species had 
a maximum although the vegetation was not grown up. After the vegetation 
was fully grown, Holopedium disappeared even from site 4, probably owing 
to the changes in the temperature (discussed on p. 265).

Bosmina spp. (see p. 231) was about ten times more plentiful in areas with 
dense vegetation than in other areas. However, no differences seemed to 
exist between the areas with and without vegetation when the standing crops 
of zooplankton were compared, in spite of the dominating role of Bosmina. 
On the other hand, this does not eliminate the possibility that a higher 
production may be found either outside or within the vegetation. Either the 
values obtained in Hyttödammen diverge from the general findings about 
higher biomass being found within the vegetation, or possibly the whole 
pond must be considered littoral in that respect.

(d) Food.
No special investigations have been made of the feeding habits of the dif­

ferent species of zooplankton. Data on the occurrence of the food particles 
are almost completely lacking (detritus, not studied; bacteria, studied once) 
or are incomplete because of too long intervals between the sampling oc­
casions (phytoplankton, see Arnemo and Nauwerck 1965). Thus the conclu­
sions must be based mostly upon assumptions and are therefore very limited.

The distribution of Polyphemus pediculus seems difficult to explain ade­
quately if competition for food is not taken into consideration (see p. 234). 
Possibly there exists a competition for food between the nauplii of Hetero­
cope and Eudiciptomus (see p. 245).

In the case of the adults of the first generation of Heterocope appendi- 
culata, optimal food condition probably contributed to better growth result­
ing in larger individuals than found at other times.

As was pointed out by Nauwerck (1963) in Lake Erken, the standing 
crop of phytoplankton was much lower than that of zooplankton. Through­
out the year the standing crop of zooplankton in Lake Erken, varied between 
1.3 and 30 times that of phytoplankton. In Hyttödammen the corresponding 
values (data on phytoplankton taken from Arnemo and Nauwerck 1965) 
are given in the Table below.

Date of sampling 1962 Standing crop as mm’/l of Phytoplankton
Phytoplankton Zooplankton Phytoplankton Zooplankton Zooplankton

17 June 14+21 June 1.65 4.77 1 1 : 3
9 July 11 July 0.66 4.12 1 : 6

28 ” 25 July + 2 Aug. 0.46 8.30 1 1 : 18
27 Aug. 28 Aug. 0.79 2.86 1 : 4
18 Sept. 19 Sept. 0.79 2.64 1 : 3

1 This is a mean value based upon results obtained at the dates indicated.
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Thus, in the few estimates made, there is from 3 to 18 times higher biomass 
of zooplankton than phytoplankton, with a mean of 4.3. Nauwerck, with 
more data from Lake Erken, found a mean of 5.5. If the efficiency of con­
version of phytoplankton to zooplankton is about 10 % (Nauwerck 1963, 
p. 105) then the 4.3: 1 found as the ratio of the biomass of zooplankton to 
phytoplankton in Hyttödammen can be considered to represent a theoretical 
ratio of zooplankton to phytoplankton biomass of 43: 1. The turnover time 
for the phytoplankton, based on summer results of biomass and assimilation 
given by Arnemo and Nauwerck (1965), was about 6 days. The same value 
for Lake Erken throughout the year was 3 days (Nauwerck 1963). Assuming 
that all the phytoplankton will be consumed by the zooplankton and that 
the zooplankton feeds only on phytoplankton, the turnover time for the bio­
mass of zooplankton should be about 258 days (6X43). This is quite im­
possible, knowing the rapid changes and peaks in the curve of biomass of 
zooplankton throughout the summer, and emphasizes in a higher degree than 
in the Lake Erken study by Nauwerck the important role of other food 
objects (e.g. detritus, bacteria) for the zooplankton. Although it is only a 
single observation, the bacterial analysis (Arnemo 1964, p. 89) showed higher 
numbers of bacteria in Hyttödammen than in unpolluted lakes in the sur­
roundings of Uppsala (Tullander, pers. comm.). Thus the food conditions 
in Hyttödammen for the zooplankton may be somewhat better than in those 
lakes. Even if the influence of the predation by fish is unknown in these 
two investigations that have been compared, it is probable that the general 
results would not be changed (density of a population of bottom-fauna- and 
zooplankton-consuming fish in Hyttödammen was 1 ind/m2 and was un­
known in Lake Erken).

VI. Hyttödammen in different classification systems

In recent years it has been suggested (Rodhe 1958) that classification of 
the degree of trophy should be based only upon the productivity of the in­
vestigated environment. In Hyttödammen no investigation was made of the 
productivity of the zooplankton, a part of the secondary production. The 
primary production was investigated and the results (Arnemo and Nauwerck 
1965) show that Hyttödammen, sensu Rodhe (1958), stands between oligo­
trophy and eutrophy.

In older investigations the trophic classification was based upon the domi­
nating species and it may be of interest to compare the classification of 
Hyttödammen by this method with the results from the primary production. 
Hyttödammen will also be compared with other investigations, some of 
which suggested a classification based only on the zooplankton composition 
while rejecting completely any considerations of trophy.

In Hyttödammen, considering the percentage composition in the summer
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based upon the volumes, the Rotatoria are of little significance, even if they 
often show a high number of ind/1. The most important groups are the 
Cladocera and the Copepoda. The most frequent species are (given in order 
of frequency) Bosmina spp., Heterocope appendiculata, Eudiaptomus grac- 
iloides, Holopedium gibberum and the Cyclopoida. Less frequent are Sin- 
antherina socialis, Conochilus spp., Chgdorus sphaericus, Camptocercus lillje- 
borgi.

This structure in the zooplankton community was not found by GrimåS 
et al. (1954) in the Swedish salmon-rearing ponds that were most closely 
comparable to Hyttödammen. Grimås found Bosmina and Holopedium to 
be the most numerous zooplankters in all the 5 ponds investigated, which 
resembles the conditions in Hyttödammen. However, Grimås also found some 
other Cladocera, different ones in different ponds, to be among the dominant 
species, namely Polyphemus, Ceriodaphnia pulchella, Diaphanosoma and 
Daphnia longispina var. hyalina (form, galeata). Grimås never found Cope­
poda to be among the dominant species.

Nordquist (1921) found, in his investigations of ponds in the south of 
Sweden having different fish populations, that in the oligotrophic ponds 
Bosmina obtusirostris, Daphnia longispina and Polyphemus pediculus, (all 
Cladocera), dominated. In the eutrophic ponds it was characteristic to find 
many Rotatoria and some Copepoda, coupled with a decreasing influence 
of the Cladocera. Based upon the discussion and the results of Nordquist, 
Hyttödammen is thus to be considered as lying between oligotrophic and 
eutrophic conditions, even if the species that dominate it were not the same 
as in the studies compared.

According to Weimann (1942), Hyttödammen most resembles the partly 
eutrophic pond of type “Übergangsstufen”. As to the phytoplankton, Arnemo 
and Nauwerck (1965) classified Hyttödammen in the same system as a 
inesotrophic, “Chrysomonadenteich”. The observation by Arnemo (1964) 
that the values of phosphorus were so high that they gave an impression 
that Hyttödammen was polluted is also noteworthy.

Thus, according to the older systems, Hyttödammen should be classified 
as moderately eutrophic.

Sråmek-Husek (1962) gave a review of the pelagic Cladocera- and Cope- 
poda-communities of the Central European waters. According to that system 
Hyttödammen resembles both the “Daphnio-Diaptometum graciloides” and 
the “Daphnio-Bosminetum coregoni”, even if the Daphnia in Hyttödammen 
plays a subordinate role and some of the species given as characterizing 
the types are lacking. These communities of zooplankton are most commonly 
to be found in large lakes but sometimes also occur in large ponds. Before 
classifying Hyttödammen in this scheme we have to keep in mind that the 
classification concerned only pelagic species. However, the example serves
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to emphasize the impression one gets of Hyttödammen as showing features 
both of a lake and a pond. Sråmek-Husek also discussed ponds in his classi­
fication, but the communities found by him do not resemble the Hyttödam­
men community very much.

VII. Summary

The zooplankton composition in Hyttödammen (a 12-hectare pond for 
rearing of first-summer or one-year-old-salmon) was investigated qualita­
tively and quantitatively in 1959—62. Samples were taken weekly from the 
time of filling of the pond in mid- or late May to mid-September and there­
after throughout the winter at about monthly intervals. By means of these 
samples the temporal and to some extent the spatial distribution, together 
with the vertical distribution at the deepest part of the pond (2.2 m), were 
investigated. In the summer the zooplankton was dominated volumetrically 
by Cladocera (Bosmina coregoni + longirostris and Holopedium gibberum) 
and after that the groups of importance were the Copepoda (Heterocope 
appendiculata, Eudiaptomus graciloides and Cyclopoidci) and the Rotatoria 
(Sinantherina socialis, Conochilus unicornis + hippocrepis). In the winter the 
Rotatoria dominated (Synchaeta and Keratella cochlearis) and the Copepoda, 
together with the Cladocera, were more or less absent. No vertical stratifica­
tion of any species could be observed.

In 1961—62 the horizontal distribution was investigated by monthly sam­
pling at about 20—30 sites. These samples showed that some species had 
an irregular distribution which, it was suggested, was due to the differing 
distribution of the higher aquatic vegetation in the pond. Thus Rosmina core­
goni+longirostris occurred in higher numbers within the vegetation and 
Polyarthra major occurred in higher numbers outside the vegetation. The 
differing chemical conditions within the pond did not cause any irregular 
distribution, except for a possible effect in the case of Diaphanosoma brachy- 
urum.

Temperature seems to affect the populations in two ways: the rapid heating 
in May-June caused a more rapid development of the populations that devel­
oped first, and the rapid changes during the summer probably influenced 
the warm-water forms more than other forms, so that the latter did not 
develop a large population.

Competition for food and predation exerted by Heterocope appendiculata 
probably influenced the carnivore Polyphemus pediculus so that it never 
developed a large population. The absence of this species as a dominant 
zooplankter is also discussed as it often dominates the littoral regions in 
oligotrophic lakes and all parts of oligotrophic ponds. Thus the observations 
on the absence of P. pediculus combined with the occurrence of the pelagic
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species Heterocope appendiculata and Eudiaptomus graciloides indicates 
that the zooplankton of Hyttödammen shows characters typical of lakes.

Biometrical analysis of Heterocope appendiculata gave higher values than 
those earlier reported in the literature.

The picture of the standing crop in Hyttödammen was characterized by 
about 4—5 maxima due to rapid changes in generations within the species 
and to succession of species, as compared with 2 maxima in Lake Erken. 
The calculated mean standing crop in the summer was about the same in 
both these environments. In Lake Erken, the decrease during autumn pro­
ceeded slowly, but in Hyttödammen it was rapid in late September.

The ratio between the standing crop of phytoplankton and that of zoo­
plankton in the summer in Hyttödammen seemed to be about the same as 
in Lake Erken. Using the same methods of calculation and comparison 
applied in the Lake Erken study to estimate the standing crop and turnover 
times, and knowing that only part of the phytoplankton serves as food for 
the zooplankton, it is clear that other food sources (detritus, bacteria) are 
used by the zooplankton.

As no investigation was made of the productivity of the zooplankton, 
Hyttödammen cannot be classified in this way. On the basis of older 
methods using the composition of the zooplankton, Hyttödammen stands 
somewhere between oligotrophy and eutrophy.
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