Det hir verket har digitaliserats vid Goteborgs universitetsbibliotek och ér fritt att anvinda. Alla
tryckta texter &r OCR-tolkade till maskinlédsbar text. Det betyder att du kan s6ka och kopiera
texten fran dokumentet. Vissa dldre dokument med daligt tryck kan vara svara att OCR-tolka
korrekt vilket medfor att den OCR-tolkade texten kan innehalla fel och darfér bér man visuellt
jamfora med verkets bilder for att avgora vad som ér riktigt.

This work has been digitized at Gothenburg University Library and is free to use. All printed
texts have been OCR-processed and converted to machine readable text. This means that you
can search and copy text from the document. Some early printed books are hard to OCR-process
correctly and the text may contain errors, so one should always visually compare it with the ima-
ges to determine what is correct.

GOTEBORGS UNIVERSITET

II\I:)C

l

L 9L 6L vL €L ¢ LW oL 6 8 L 9 6 ¥ € ¢

8l

lc 0Z 6l

6 8¢ LZ 9¢ GC V¥Z €Z ¢&¢



FISHERY BOARD OF SWEDEN

INSTITUTE OF FRESHWATER RESEARCH

DROTTNINGHOLM

Report No 45

LUND 1964
RRRRRRRRRRRRRRRRRRRRRRRRR



s e e Y




FISHERY BOARD OF SWEDEN

INSTITUTE OF FRESHWATER RESEARCH
DROTTNINGHOLM

Report No 45

LUND 1964
CARL BLOMS BOKTRYCKERI A.-B.






Contents

Limnological Studies in Hyttdédammen; ROIf Arnemo...........ccoooiiiiiniiiiinceneee s 1
Studies on the bottom fauna of impounded lakes in southern Norway; UIf Grimds .... 94
Internal tagging of salmon smolts I11; Arne Lindroth ... 105

Studies on planktonic Crustacea in thirteen lakes in northern Sweden; Tom L&tmarker 113
Studies on fish mortality due to passage through turbines; Erik Montén...........c.c.cccoeee 190
The occurrence of terrestrial insects on the surface of two lakes in northern Sweden;
A INOTTIN ..o seeni 196;
Influence of low temperature on the blood lactate level in Salvelinus fontinalis after
EXEICISE; CUIM WWENAL. ...ttt ettt sttt ebenas 206






Limnological Studies in Hyttddammen
1. Physical and chemical conditions

By Rolf Arnemo

Institute of Limnology, Uppsala, Sweden

Contents
Lo INTrOAUCTION o 6
Il. Hyttddammen .......cccovvenne. 6
I11. Meteorological conditions . 10
IV. Material and Methods..........ccocoii s 12
1 Field MEthOUS ..o 12
2. Laboratory MethOOS ...t b 14
3. Construction Of the dIAgIramMIS........ccoiiiiiiie e 15
V. PEIMANY GATAL ...ttt et bbbt et b bbbt n e 19
L T OMIPEIATUNE. ...ttt bbbt bbbt b ettt eb b bt ne e b nne e 19
2. TTANSPAIEINCY .ottt ekttt bt et b b bt bbb s e btttk b e ne et eb e b e ene e 25
3L COMOUI 25
4. OXYGBIN ettt E R R R R et bRt b et b e r et n s 25
B PH bbb 30
6. SPECITIC CONAUCTIVILY .ottt 30
7. MaJOr CONSLITUBNES ...ttt bbb et 41
(a) Composition of the Daldlv andspring water ... e 41
(D) BICAIDONGALE ..ot 41
(€)  CAICTIUM ettt b ettt bt bbbt b ettt m b 60
(d) Sulphate, chloride, magnesium,sodium, and potassium ... 61
8. Minor constituents . 61
(2) PROSPRIOIUS ..ottt bbb 61
(D) INTEFOGEN. ..ottt b et bbbt st b ettt beneas 68
(c) Nitrogen-phosphorus relatioNShiPs.........cooiiiiii s 68
(d) Silicon 83
(e) Iron 83
VI.Some major and minorconstituents in relation to higher aquatic vegetation .... 83
1. Horizontal heterOgeNEItY ...t bbb 83
2. Mineral circulation.................... .. 85
(8) Chloride, sodium and POtASSIUM ......ccooiiiiiiiiiriet e 85
(D) PROSPROIUS ...ttt bbbttt 89
(€)  SHHCOMN bbbt b bbbttt bbb 90
VL SUIMIMAIY otttk b et h et ek e bt h b b £ b e s e bt e bt et e bbbt e st ekt s b s e e bt b enebe e 90
VL ACKNOWIEAGMENTS. ..ottt et bbbt 91
IXURETEIEICES .o 91



6 ROLF ARNEMO
I. Introduction

In earlier articles information has been presented concerning Hyttédam-
men’s zooplankton (Arnemo 1960), fish production in the years 1938—60
(Steffner 1961), higher aquatic vegetation (Arnemo and Noritin 1962) and
bottom fauna (Noriin 1964). Various information is also given by Puke
(1955, 1956, 1957 a and b). The aim of this article is to provide a survey
of the physical and chemical environmental conditions in the pond. When
collecting material for the present investigation samples for determination
of the primary production, standing crop of zooplankton and food and
growth of the fish were also collected. The results are intended for publica-
tion in subsequent parts of this series. When all the parts are completed, it
may be possible to put forward points of view additional to those dealt with
in this article, especially as regards the minor constituents.

Il. Hyttédammen

The situation of Hyttédammen is shown in Fig. 1. The external conditions
for the pond have been described by Arnemo and Noriin (1962, translated) :
“Hyttédammen is a pond (Swedish: naturdamm) which, since 1938, has

ALVKARLEO//
HYTTO- LANFOR-
DAMMEN v SEN
DALALVEN
HYTTON
STORON
MEHEDEBY
N. KVARNON
RAMSON Fig. 1. Situation map.
UNTRAG4 The flume consists
NO | 2 3km partly of wood (--------- )

and partly of a channel
excavated in the soil
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Fig.2. HYTTODAMMEN. Key to the symbols:

T= thermograph. S=site for transparency measurements, 111111l tt H-=flume. <= spring.
D, U. 1 -®=sites for chemical sampling, o O O O O=aeration tube.----—-—= main ditch.

+=site for special studies of X, pH, HCOj.

y“‘i = o-i m'j h
j depth. ‘i;;;;;i = boundary of agriculture. WV WV WWV/2X2X- = dam.

/ /7 =12 m
yIATSTT



8 ROLF ARNEMO

been used by the Hatchery at Alvkarleby (belonging to the Royal Fishery
Board) for the rearing of one-summer-old salmon. The pond lies 13 km
WSW of Alvkarleby Church and 20 km S of the town of Gavle. The pond
obtains water partly from springs which open into it but mainly from the
river Dalalv through a flume which runs past the pond and from which
80—100 1/sec is drawn off. The average depth of the pond is about 1 m with
a maximum depth of 2.2 m at the outflow. . . . Before the pond came into
being, the now dammed up area was covered partly by trees and boulders
and partly by cultivated arable land. . . . The uppermost sediment in the
entire pond consists of mould with rotting plant remains and silt. Beneath
this layer, in the large bay lying to the south, is concealed a sand layer which
has been dated by Sandegren and Lundegdrdh (1949) to the late-glacial
and post-glacial periods. Other parts of the pond and its nearest surroundings
have, according to the same authors, moranic grit beneath the mull layer.”
Additional information is given in Fig. 2. In what follows the southeast bay
is referred to as SE bay.

During the years of the investigation the pond has maintained a uniform
size with an area of 12 ha and a volume of c. 135,000 m3. In winter the
volume of water is reduced by ice formation, as follows:

Thickness of ice Volume of rema
(cm) as °/o of 135
10 90
20 80
30 71
40 62
50 53
60 45
70 38

The values are based on information from the adjustments which were
made in connection with the construction of Hyttédammen. They served
then for an estimation of the water volume at different heights of the dam.

Information on the filling and draining of the pond is given in Table 1,
p. 9. It is clear from the table that the pond was also filled during the
winters of 1960/61, 1961/62 and 1962/63. This is a departure from the usual
procedure of the previous 22 years when the pond was drained during the
winter, and also represents a departure from the account of the conditions
given in earlier publications.

In winter 1960/61 salmon were overwintered as an experiment, since there
was no place for them in the hatchery. Otherwise it would have been neces-
sary to put them out in the Daldlv with very little chance of their reaching
the smolt stage. The pond was filled so that the depth of the water at site 4
(see Fig. 2) was only about 1 m. The overwintering resulted in a survival
of 17 % of the salmon counted at the time of introduction in autumn 1960.
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10 ROLF ARNEMO

The following information about fish production and overwintering is
provided by Mr. N. G. Steffner (pers. com.).

In winter 1961/62 the conditions were quite different. During the summer
a contagious disease had infected the hatchery. To combat this the entire
hatchery was drained for several weeks for purification after release of the
smolts in April. This meant that the fish had to be retained in Hyttddammen.
Hence no removal of fish took place during autumn 1961 and until April
1962. On the basis of experience gained from the “experimental overwintering
the previous year, it was estimated that the chances of successful over-
wintering would be increased if the oxygen conditions were improved. In
late autumn, diversion of Dalélv water into the flume is stopped to prevent
freezing, thus cutting off the main source of water flow into Hyttédammen.
As a result of the reduced supply of water coming only from the relatively
oxygen-deficient springs, the oxygen conditions might reach a lethal level
if nothing were done.

To improve the oxygen conditions, the pond was aerated from a plastic
tube on the pond floor, as shown in Fig. 2. (See also the aerial photograph
from Nov. 27, 1962 in Fig. 7.) Air was supplied from a compressor and
bubbled out into the water from small holes evenly distributed along the
plastic tube. The air bubbling prevented complete ice formation during even
the most severe cold periods and thus also probably promoted aeration by
surface exchange. The air bubbling caused continued circulation of the water
column, which slowly cooled during the winter. Fifty-five per cent of the
salmon and 42 % of the sea trout, based on the number of newly hatched
fish exposed, survived the winter. The sea trout were few in number in rela-
tion to the salmon. The same was the case the following overwintering.

Since this overwintering was largely successful and, at the same time,
some of the sea trout reached the smolt stage after only one year, fish were
also overwintered in the pond in winter 1962/63. The results of this were
57 %> survival of the sea trout and 18 °/o survival of the salmon. It is as yet
too early to draw definite conclusions from the overwintering results because
of possible after-effects in the form of changes in the summer conditions
affecting the pond’s production.

I11. Meteorological conditions

Information on the air temperature (Gavle), precipitation (Gévle) and sun-
shine hours (Uppsala) is summarized in Figs. 3 and 5. The values were
obtained from SMHI (Swedish Meteorological and Hydrological Institute)
yearbooks 1959—62. The air temperatures show that the summer of 1961
was warmer than in 1962.

Precipitation, expressed as a percentage of the normal, shows that the
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12 ROLF ARNEMO

summer of 1959 was dry, 1960 and 1961 wet and 1962 about normal. The
figures for precipitation in mm for the months May to September show
that August was the wettest summer month for the years 1959—62.
The two wet years, 1960 and 1961, have the highest values for each month,
namely in May and June 1961, in July 1960, in August 1961 and in September
1960.

Sunshine hours were about normal. The highest values, expressed as a
percentage of the normal, occurred in 1959. Of the other three years, 1961
had the next largest number of sunshine hours and 1960 and 1962 the
smallest — and largely similar — numbers. Between May to September,
1959 had the highest values for each month. Very large differences in the
conditions in 1960—62 occurred during July and August.

IV. Material and Methods

1. Field methods

All the sampling sites are shown together in Fig. 2. The times of collection
of material during the years 1959—62 in the different periods when the pond
was filled are given in Table 1.

To give a picture of the general features of the water chemistry in Hytto-
dammen, samples were taken at 7 main sites. These sites are the same as
those described by Arnemo (1960). The sites represent the following: Dalélv
water in the flume (D), a small pond between the flume and the pond
itself (1), the SE bay with a bottom of old ploughland (2), the area with a
bottom of old boulder and forest land (3), the deepest area near the outlet (4) ;
the surface =a, 1 m=b, the bottom 2.2 m =c and the outflow stream (U). In
addition, samples have been taken at site H when only the area closest to the
outlet was under water. H lies in the main ditch. In 1959 samples for water
analysis were collected only once. From spring 1960 samples have been col-
lected more or less regularly.

To enable a more detailed study to be made of the conditions in the area
with dense vegetation and with different qualities of the supplied water (see
p. 41) samples were taken in 1962 at approximately monthly intervals, from
the following sites: 5 (affected by water from the Dalédlv) and 6, 7 and 8
(affected by spring water and at different distances from the most important
springs). Data from these sites are compared with the conditions at site 4,
where vegetation is more or less absent.

Samples of the spring water for analysis were collected during the periods
when the pond was dried out. Twenty-six such samples were collected.

After collection all the water samples for chemical analysis were stored in
V2- or 1-litre plastic bottles.
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Fig. 4. Construction of the plexiglass sampling
tube (Berzins).

At the beginning of the investigation, the water samples were collected
with a Ruttner sampler, capacity 1.6 litres. After Dec. 4, 1961, the Ruttner
sampler was used only for studying the vertical distribution at the deepest
site (4). At the other sites samples were taken using a plexiglass tube, 2 m
long and 62 mm in diameter. With such a tube samples of the complete
water profile from surface to bottom can be collected in shallow sites. Such
samples are more representative than samples taken with a Ruttner sampler.
The subsample for analysis was taken after transference to a bucket or the
like and mixing of the composite sample.

A similar tube was used for taking zooplankton samples in the littoral zone
of Lake Erken by Mrs. E. Aimquist (pers. comm.).

To study the vertical distribution in shallow localities where a Ruttner
sampler is not suitable, Dr. B. Berzins (pers. comm.) used in his Aneboda
investigations a plexiglass tube from which subsamples can be drawn off at
different depths. He has been kind enough to put this apparatus at my dis-
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posai (see Fig. 4). Samples have been taken from depths of 0.1, 0.5 and 1.0 m.
The number of samples is given in Table 1. A defect of this sampling method
is that the diameter of the tube is too small for a single sample to fill a 1-litre
bottle. For this four samples are necessary. Great care was taken in the field
work to eliminate possible errors caused by this repeated sampling. Another
disadvantage of this sampling method is that some mixing may occur as a
result of air trapped in the subsampling tubes. This can be prevented by
lowering the plexiglass tube obliquely so that the outlets of the subsampling
tubes point downwards. If great care is taken, disturbances from the above
sources can be avoided. The plexiglass tube seems to be more suitable than
a Ruttner sampler for taking samples in shallow water where the stratifica-
tion approaches a microstratification.

With the aid of the plexiglass tube composite samples can be taken from
the surface to the bottom. This has been made use of in special studies of the
horizontal heterogeneity of the specific conductivity of the water.
The preliminary results of this investigation were described by Arnemo and
Norlin (1962). A subsample was taken and the specific conductivity of this
was measured with a bridge either in the laboratory (model: Leeds and
Northrup 4866-S) or in the field (model: Normameter 185 RwW) at 20° C in
both cases. On each sampling occasion samples were taken at about 30 dif-
ferent sites distributed over the whole pond (see Fig. 2 where the most fre-
quently used sites are marked). The investigation has been repeated at even
intervals and the total number of sampling occasions is given in Table 1
beneath special dets. (determinations) .

pH was measured in the field in 1961 in connection with special studies of
horizontal heterogeneity of the water masses with a battery-powered Radio-
meter type PHM 24, and in the laboratory with a Radiometer type PHM 23 c.

A thermograph recorded temperature between May 25 1961—Jan. 10
1962 and June 6—Oct. 6 1962. During the former period, temperature was
recorded at a depth of 1.5 m, and during the latter at 1.0 m. The sensitive
body is a mercury-filled container for recording at a distance. The instrument
was borrowed from SMHI. The accuracy was given as *+0.5° C. This was
checked once a week, when the paper was changed, with a thermometer in
a Ruttner sampler. The temperature at sampling was also measured with a
thermometer in a Ruttner sampler.

Transparency was determined in the summers of 1961 and 1962
with a white Secchi-disc, 25 cm in diameter, and water telescope.

2. Laboratory methods

On the occasions on which the analyses were to be most comprehensive,
the laboratory analyses comprised the determination of specific conductivity
and pH (see above p. 44), alkalinity and the contents of sulphate, chloride,
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calcium, magnesium, sodium, potassium, phosphate- and total phosphorus,
ammonium-, nitrite-, nitrate- and total nitrogen, total iron, silicon, and
colour.

The laboratory methods follow the directions given by Karigren (1959;
latest edition 1962). The following explanatory notes are provided for the
different analyses.

In the samples in which the calcium content might have been too low
for complete precipitation to occur, a known amount of calcium was added
prior to precipitation. This applies particularly to the Daldlv water.

From the beginning up until sampling on June 13, 1962, total nitro-
gen was analysed according to Lohammar (1938 pp. 31). At this method
gave lower values than Kjeldahl digestion (see Anhigren 1963 p. 2), the
method of analysis was changed to the latter method. The content was deter-
mined photometrically after the addition of Nessler’s reagent.

Ammonium- nitrogen was determined photometrically, using pyra-
zolone.

3. Construction of diagrams

The investigations of water chemistry consisted of studies of temporal
variations at the sites D, 1, 2, 3, 4, U and in part H, and temporal and vertical
variations at the sites 4, 5, 6, 7 and 8. In the latter investigation the samples
were taken using the plexiglass tube (see Fig. 4). For each substance analysed
there is, as a rule, a diagram for each of the two investigations: the first-
mentioned investigation is as a rule shown on the left-hand page, while the
latter is on the right. For references to the sites see page 12.

In the first-mentioned diagram, the development of the vegetation and ice is
marked: for the vegetation the observations refer to the absolute dominant,
Sagittaria sagittifolia L. The date given for the beginning of the vegetation is
when the first leaves appear at the surface of the water, and the end of the
period is taken as being when the stalks fall to the bottom. Despite the dif-
ferent conditions which occurred during the investigation, the time of devel-
opment of the vegetation did not vary. The beginning of the ice is given as
the time when the pond was first completely covered by ice. Draining and
removal of the fish occurred before the break up of the ice. The maximum
thickness of the ice was 70 cm.

The letters V, S and F give the times at which the pond was filled (V),
drained (S) and the fish removed (F). Di indicates the time at which water
ceased to run in the flume.

The sites have been distributed along the vertical axis in the order in which
a body of water from the Dalélv, entering via the flume, would travel at a
time when the vegetation is so well developed as to prevent mixing of the
water in the horizontal direction. The distribution of the vegetation in Hytt6-
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18 ROLF ARNEMO

dammen is given by Arnemo and Norltin (1962) and is also shown in the
aerial photographs of Fig. 7. In the area around site 4, where the vegetation
is sparse, mixing occurs freely, and water from the SE bay is also mixed-in
there. Under the above-mentioned conditions this bay is hardly affected by
Dalalv water and it obtains its character from the springs which open into
it (see Fig. 2). When there is no vegetation the situation described above does
not apply. Water from the Dalalv and the springs then mixes in more or less
the whole of the pond’s water mass. The distance between the sites in the
diagram have therefore been chosen arbitrarily and are not in absolute units.

Site 2, which represents the conditions in the SE bay, has been separated
from the sequence of the other sites by horizontal lines and has been intro-
duced into this sequence at the point where the water from the SE bay has
an effect.

Site 4 is represented by an average value of data from the surface and
bottom water. No chemical stratification has been observed except for oxygen.
Therefore, Fig. 11 differs from all the others. The vertical stratification at
site 4 is also shown.

Isopletes, limiting different intervals of values have naturally had to be
drawn diagrammatically. This is partly because of the distance between the
sites, which as already stated is not given in absolute or relative units, and
partly because with the drainage and filling there are insufficient analyses to
provide a detailed picture of what happens at these times. However, this is
of subordinate importance for this investigation, and the values lying nearest
in time have been used for these periods. Nor is it possible to give the exact
times of drying out or when the water reaches the different sites, but this is
also of minor importance.

Various boundary lines have been drawn in the Figures. For specific con-
ductivity the isopletes have been drawn so that the following intervals have
been distinguished, with Daldlv water as starting point: 30—40 1 10“6 (cor-
responding to the main range of variation of the Dalalv water), 40—50 + 10~6,
50—100+* 10~6, and > 100 ' 106 (corresponding to an increasing degree of
influence from water other than that of the Dalélv together with the effect
of freezing).

For the major constituents no isopletes have been drawn for absolute
values. This would not be appropriate, since the composition of water from
the springs is different from that of Dalélv water (see p. 41). In addition, the
vegetation has an effect because of accumulation of ions in different amounts
in different tissues (see pp. 85). Therefore, instead, lines have been drawn
which mark whether the ions in question occur in higher or lower concentra-
tions than those given by standard composition (see Rodhe 1949, p. 381) for
the corresponding value of specific conductivity.

For the minor constituents arbitrary isopletes have been drawn, partly for
different absolute contents, partly for ratio values.
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V. Primary data

1. Temperature

The variation with time of the water temperature in the pond is shown
in Fig. 5 as the daily averages from the continuous records. The average
values for each 24 hour period have been calculated from 12 observations
(one every two hours) taken from the charts. The curve for 1961 has been
taken from Nori1in (1964). The mean daily air temperature at SMHI’s station
at Gavle, ca. 20 km N of Hyttédammen, for the corresponding period is given
in the same Figure. The Figure demonstrates that the pond, because of its
very small volume in relation to surface area, responds relatively quickly to
changes in the air temperature. Arnemo (1960) has also shown this by com-
paring the temperature of the incoming Dalalv water with that at some of
the sampling sites in the pond. The Daldlv water responds more like a lake
and is characterized by a delay in warming up in the spring and in cooling
in the autumn. This is also shown by the values from different parts of the
pond. These were obtained in connection with sampling with the Ruttner
sampler 1960—62 and are shown in Table 2.

Table 2. Temperature at different sites 1960—62.

Dalalv 1 2 3 4a 4b 4c Outlet

1960 May 13 — — — — 16.4 e —
14 — 14.0 e — — — — —
26 — e 15.6 15.0 15.8 15.9 15.9 —
June 6 — 20.0 22.7 23.4 24.0 23.6 20.0 —
13 — 18.4 19.8 19.5 19.0 18.8 18.8 —
18 18.8 18.9 20.7 20.5 20.6 20.2 19.2 —
28 — 18.6 19.4 19.2 19.4 19.7 19.1 —
July 2 17.5 18.7 18.7 19.7 19.6 19.1 18.3 —
9 — 18.4 19.1 19.3 195 18.7 17.9 —
19 — 18.0 19.0 18.9 19.2 19.2 19.1 .
27 — 18.1 18.7 19.2 19.6 19.3 18.6 —
Aug. 2 — 20.9 22.5 24.1 233 21.2 19.6 —
8 — 17.6 17.9 17.8 18.1 18.1 17.8 —
17 — 16.1 17.2 16.7 17.8 17.1 16.9 —
23 — 15.8 15.8 16.0 16.1 16.0 15.8 —
31 — 13.9 15.0 15.3 15.8 155 14.8 —
Sept. 6 — 15.8 15.8 16.0 16.1 16.0 16.0 —
12 — 13.8 135 13.6 13.9 135 12.8 —
20 — 14.2 14.1 14.2 14.4 14.3 13.8 —

28 — 9.5 7.5 7.8 8.5 8.5 8.5

Nov. 7 2.8 — — — — _
Dec. 19 — —_ — _ — _ o 13
1961 Feb. 11 — — — — 0.5 2.0

Mar. 30 1 — — — 3.6 — — 3.8

Apr. 8 —_ —_ —_ — 43 . .
29 9.5 — — — — — —_ 9.9

May 22 11.9 13.1 14.1 14.4 14.3 14.1 135
30 — 11.2 111 111 11.7 11.6 11.3 —
June 7 18.9 19.3 22.3 22.3 22.6 22.6 18.7 —
14 — 18.7 19.7 19.6 20.3 20.1 195 —
20 — 16.3 17.2 16.9 17.3 17.1 16.7 —

26 — 17.3 18.9 19.0 18.3 17.5 171 —
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Table 2. Continued.

Dalalv i 2 3 4a 4b 4c¢c Outlet

July 4 18.3 20.2 19.7 20.0 20.0 18.0 —
10 — 18.6 18.7 19.3 19.0 18.9 18.3 —

18 — 21.1 22.7 22.6 22.1 22.0 20.4 —_

24 — 18.4 18.7 18.9 18.5 17.9 174 —

26 17.4 17.4 17.4 175 18.0 — 17.8 17.7

31 — 19.3 214 21.2 21.1 20.0 18.0 —
Aug. 7 — 16.2 16.9 17.2 17.3 17.3 16.6 —
14 — 17.7 19.2 18.3 185 18.2 175 —

15 16.6 16.6 17.2 16.9 174 — 17.2 17.4

21 — 14.3 15.4 15.7 15.2 14.9 14.7 —

28 — 14.2 14.8 145 15.7 15.2 14.3 —
Sept. 11 — — — — 16.5 16.1 15.4 —
1 — — — — 17.1 16.6 15.6 —

1 — — 18.2 16.5 15.5 —

1 — — — 17.9 16.8 15.8 —

1 — — — — 17.1 17.0 16.0 —

2 — — — 16.5 16.8 15.6 —

4 — 145 14.9 14.8 15.2 15.2 15.1 —

5 14.6 14.4 14.0 14.0 14.7 — 14.6 —

11 — 134 13.1 131 13.1 13.0 12.8 —

17 — 15.2 16.1 16.5 15.0 14.5 14.2 —

23 14.6 145 14.3 13.9 14.1 13.0 12.7 13.6
Oct. 3 — 124 12.0 12.2 12.1 12.1 12.1 —
8 — 11.6 11.1 11.1 114 11.2 11.2 —

Nov. 1 7.4 7.3 6.1 6.3 6.4 6.4 6.4 6.4
8 — 4.4 34 3.3 2.8 2.8 2.6 —

Dec. 4 — 1.8 1.4 1.0 1.0 — — —
19 — 15 1.2 — 0.3 — — —
Jan. 15 — — — 0.5 0.5 0.5 —
26 — — — — 0.4 0.4 0.4 —
Mar. 13 — 0.4 0.4 — 0.2 0.2 0.2 —
Apr. 10 — — — — 0.7 0.8 0.9 —
June 8 — — 17.6 17.6 17.6 17.6 17.6 —
13 13.7 14.0 16.1 16.2 16.5 — 15.7 16.1

18 — — — — 20.5 — 18.6 —

21 — 15.8 18.0 175 18.2 18.2 18.2 —

27 — 15.7 17.3 17.1 17.4 17.4 17.3 —
July 3 — 16.1 17.7 — 18.1 18.2 17.5 —
11 — 16.0 17.1 17.3 17.3 17.1 17.0 —

25 — 17.2 18.2 18.4 18.0 17.8 17.3 —

29 — — — — 20.4 — 18.0 —
Aug. 8 16.3 16.0 16.4 16.3 16.7 17.1 17.1 16.7
14 — 15.2 15.7 16.2 16.0 15.8 15.7 —

21 — 18.8 19.2 20.0 19.2 17.3 16.6 —

27 — — 14.2 — 14.5 — 14.6 —
Sept. 4 — 13.6 13.6 13.7 13.6 13.5 13.1 —
Oct. 10 - 9.6 9.4 9.5 10.1 9.5 9.5 —
24 6.0 6.0 5.6 5.7 5.8 — 5.6 —
Nov. 26 — 0.6 1.8 1.6 1.3 — 1.2 —

1 Measurements at 1/9—2/9 at the following times of day: 0600, 1000, 1500, 1800, 2200,
0200

From Fig. 5 it can be shown that the water becomes warmer than the air.
This was shown by Neess and Bunge (1956) in their examination of Birge’s
unpublished temperature data. The higher temperature of the water as com-
pared with that of the air is due to conversion of radiation energy to heat
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Fig. 6. Temperature data showing horizontal transport of water in the parts of the
pond with sparse higher plant vegetation.
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Fig. 7 b,
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Fig. 7c.

Fig. 7a—c. Air photographs. Published by permission of Fdrsvarsstaben, Stockholm,

(a) 17/6 1963; showing the pond before the higher plant vegetation had grown up, (b) 7/8

1962, the same after the higher plant vegetation had grown up, (c) 27/11 1962, showing
the pond frozen except above the aeration tube.

energy. It must be remembered that the temperature was measured at Gévle,
which means somewhat cooler temperature than at Hyttédammen in the
early summer, but the differences are too large to he explained by this alone.

Comparing 1961 and 1962 in Fig. 5, as the sum of the daily temperatures
during the period June 1—Oct. 15, it is apparent that 1961 was slightly
warmer than 1962. This can be directly correlated with the sums of air tem-
perature which were 1,900 for 1961 and 1,660 for 1962. The corresponding
values for the water are 2,290 and 2,210, respectively, and the two years
differ mainly in the conditions in the first half of June.
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Examples of the horizontal transport of water by wind can be taken from
the northern part of the pond with sparse vegetation: easterly and westerly
winds predominate. In the other parts no safe interpretation of the tempera-
ture data from the different sampling occasions can be made, other than in
the SE bay, when northerly or southerly winds were prevalent. Sampling
has most often taken place in such directions as not to correspond with any
wind direction. The temperature values from a number of different observa-
tions are presented in Fig. 6. The measurements were made with a Ruttner-
sampler thermometer at a depth of 0.5 m at all the sites. The arrows show
the direction of travel and the order in which the samples were taken. The
Figure shows that a certain water transport can occur under suitable condi-
tions in the north part of the pond hut not in the SE bay during the vegeta-
tion period, indicating that the vegetation strongly reduces the effect of the
wind. The distribution of the vegetation is given by Arnemo and Norlin
(1962) and by the aerial photographs (Fig. 7) which were taken before the
vegetation had grown up (June 17 1963) and during the time of its greatest
development (Aug. 7 1962). Figure 6 also shows that the water warms up more
near the land in the SE bay than further out independently of the wind
direction.

An example of how much the water can warm up during a sampling series
is given by the data from July 31 1961 in Fig. 6. Sampling began in the east
end and when it was finished the temperature was measured at the site which
has been marked out by framing the temperature value (Fig. 6). In half-an-
hour the temperature rose about V2° C.

Vertical temperature stratification occurs in the pond but rarely persists
for long during the summer. This is shown in Table 2, where the temperature
at site 4 is given. | have not performed any regular studies of the diurnal
temperature cycle so as to prove this, but Weimann (1933, 1935) reports
from his pond investigations circulation during summer due to lower night
air temperatures. The phenomenon of this circulation forms essential dif-
ferences in physical and chemical conditions when comparing ponds with
lakes. Very good studies on pond function and production are given in the
works by Weimann (1933, 1935, 1942). Furthermore, Megard (1961) has
studied the diurnal interactions between some environmental factors and
production.

During the winter there was no stratification because of the movement of
the whole water mass resulting from the aeration with the bubble tube. The
temperature falls slowly during the winter as a consequence of a rapid
cooling in connection with the exposure of the water to the cold air at the
ice-free surface above the bubble tube. The water’s lowest temperature, 0.2°,
occurred on March 13 1962.

Simultaneous measurements to show principal differences in temperature
between areas with and without vegetation have not been made. The condi-
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tions in the littoral zone of lakes differ from those of the profundal zone
in the temperature of the bottom water (Puke 1949). Gieysztor (1961), in an
investigation of differences in water chemistry and temperature between
open water and the littoral zone in a lake, suggested that the littoral condi-
tions can change depending on the vegetation. This applies not only to the
quantity of the vegetation but also to its composition.

2, Transparency

Transparency varies between 180 cm and a value larger than can be mea-
sured at the pond’s deepest point, where all the measurements were taken.
The transparency values from the summers of 1961 and 1962, in Fig. 8,
indicate that the pond water was generally more transparent in 1962 than
in 1961. The values from autumn 1962 show effects of turbidity, caused by
dredging in the Dalélv in the neighbourhood of the upper end of the flume.

3. Colour

Colour values are shown in Figs. 9 and 10. They vary between 30 (March 30
1961) and 75 (May 18 1962 and Oct. 23 1962) mg Pt/1. No significant dif-
ferences in the variation between the different sites seem to occur.

4. Oxygen

The oxygen content shows no large variation during the summer. The
values lie mostly grouped between 90 % and 110 % of saturation with the
largest value of 173 % on July 31 1961 and the smallest of 58 % on Sept. 4
1961; see Fig. 11a and b.

— 1962

>2.9 >2.9 >2.9
Fig. 8. Transparency at S (Fig. 2).
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In the summers of 1957 and 1958 Steffner studied the daily variation at
different sites in the pond (reported in his annual report to the Fishery
Board). He found that the saturation percentage of oxygen was as a rule
90—100 with the exception of the bottom water directly in front of the outlet,
which varied between 50 % and 80 % on June 17—18 1957. No significant
variations in either the horizontal or the vertical plane were noted.

Steffner (pers. comm.) has also given an account of the oxygen condi-
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tions during the winters in which the pond was water-filled. The oxygen
content was low, especially in the area where the water was not aerated, and
it was improved by aeration. During the most critical period there was, in
the aerated part of the pond, an area about 1 m from the aerated part with
78 % of saturation as the highest value. The lowest value at the same time
was 2 °/o, occurring 150 m from the end of the bubble tube, where the degree

of saturation was 14 °/o.
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5. pH

The pH varies mainly around 7, as is shown in Figs. 12 and 13. A line
has been drawn for pH 7. In September 1960 and September 1961 the lowest
values, 6.40, were recorded. The highest value, 8.55 (one further value, 8.20,
is above pH 8) was recorded at the end of April 1961. These are probably
temporary peaks caused by phytoplankton photosynthesis. No constant dif-
ferences between different parts of the pond could be found. Judging from
observations in 1962, pH at site 6 may be different from the others. The pH
was never less than 7. However, the pH of the spring water varied during
the winter between 6.70 and 7.40, and is thus slightly different from the
values for site 6. The series of samples taken on July 31 and Aug. 4 1961,
designed to study possible horizontal heterogeneity in the pond, show that
there was a pH increase in the south-eastern part of the SE bay (see Fig. 14
a and b). In other parts of the pond there were no pronounced tendencies.
It must be emphasized that the small quantity of data allows no general
conclusions.

6. Specific conductivity

Figs. 15 and 16 show the variation in specific conductivity. At the time
of filling with spring water, in March—May, the water has a high «-value
of 100—200 + 10*6 (see Fig. 2 for situation and p. 41 for ionic composition).
The mean of 26 measurements of spring water, varying between 141 and
345+ 106 was 255 + 10~6. When the pond is afterwards kept filled with addi-
tions of Dalalv water, x is about 50+ 10~6. The «-value for Dalélv water, from
the few analyses from the short period during which filling takes place, varies
between 35 and 45+ 10“6. For May 15 1960 a value of 61 + 10-6 was recorded,
but this can be explained by the fact that the sample was taken on the first
day on which water ran through the flume, which is partly of wood and
partly a channel excavated in the soil. This had been dry during the winter.
Lohammar (1949) and Ani (1964) showed that sulphate content increases in
surface run-off water after a long drying-out period. Oxidation processes
similar to those which take place in soil and lead to increased leaching out
of sulphate would be expected to take place, in those parts of the flume that
consist of channels excavated in the soil, when water is not running through.
The high values observed probably sink rapidly to those of the Daldlv water
entering the flume. After the filling of the pond, « varies somewhat from year
to year depending on the amount of spring water used for filling before the
Dalalv water is let in. After the pond is full, « decreases in the different
sites because water is then added 40 a much greater extent from the Dalélv
than from the springs. The incoming water is well mixed throughout the pond
before the higher vegetation develops. (See Fig. 17 b for the situation on June
14 1962.)
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When the vegetation has grown up, it hinders mixing, mainly between the
SE bay and the other parts of the pond (see p. 83—85). The mixed water from the
Daléalv and the springs then gives a large part of the pond a x-value 10—15
units higher than that of the incoming Dalélv water. This is exemplified by
the situation on July 16 1962 in Fig. 17 b. After that, horizontal heterogeneity
builds up in the SE bay. This is more or less pronounced in different years,
as is shown by a comparison between the situations in Fig. 17 a and b on
Aug. 4 1961 and Aug. 2 1962, and on Sept. 11 1961 and Sept. 19 1962, and
this depends on variation in the flow of the springs. Note also in Fig. 15
that the 50 isoplete is reached earlier at site 2 than at the other sites. Another
factor relevant in this connection, and of importance for small volumes of
water like Hyttédammen, is the precipitation and evaporation in different
years. The significance of these conditions cannot be estimated, since no in-
formation is available for a comparison of evaporation in the summers of
1961 and 1962.

After the Sagittaria has died down, the horizontal heterogeneity can be
broken up by the effect of the wind. See Fig. 17 a, Oct. 8 and Nov. 8 1961.
After that there is a slow increase of v. through mixing with spring water. (See
Fig. 17 a, Dec. 4 1961.)

A more detailed picture of the pattern described above is obtained from
Fig. 16. Before the vegetation grows up, only the bottom water at site 6, in
the immediate vicinity of the springs, shows any difference from other sites.
After the vegetation has grown up, site 5 is influenced solely by Dalélv water,
while sites 6, 7 and 8 are influenced in decreasing degrees by the spring
water, in terms of distance and time. At site 4 there is mixed water from the
two sources. Judging from the conductivity values, the spring water is already
mixed vertically with the other water in the pond between sites 6 and 7. One
reason for this is that fishing with a seine net takes place continuously within
the area. After the dying down of the vegetation, the pond shows no note-
worthy horizontal heterogeneity, according to samples taken in October as
mixed samples from the complete vertical water profile.

The horizontal heterogeneity observed during the summer has no similarly
pronounced equivalent in the winter. The ice might then be thought to have
the same effect as the vegetation and prevent mixing. But because the ice
reduces the volume of the free water very considerably through successive
formation through the whole of the winter (see p. 8) the specific conductivity
is raised by concentration alone, through the freezing effect, so much that
the effect of the springs largely disappears. However, the higher values
recorded on Jan. 15 and March 13 1962 (Fig. 17 a) in the SE bay are probably
due to the influence of the spring. On the Dalalv side of the pond, with a
similar depth, no similar increase could be observed.

The situation on Apr. 10 1962 (Fig. 17 a) showed a clear influence of melt
water. On this occasion the ice was thawing.
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HYTTODAMMEN

pH 31/7 1961

Fig. 14 a.

The flow of the springs in the pond varies from year to year. Sometimes
a spring may actually dry up, and sometimes a new one may appear. To
judge from observations made when the pond was dry, the most important
flow is that from three springs, very close together, in the SE bay (See Fig. 2,
where they are shown as one point). These flows are more or less wholly
responsible for the horizontal heterogeneity described above. However, in
other sites local conditions for heterogeneity caused by spring water, a form
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HYTTODAMMEN

pH VS 1961

Fig. 14 b.

Fig. 14 a and b. Horizontal distribution of pH. (a) 31/7 1961, (b) 4/8 1961.

of microclimate, certainly occur. For example, x for site 1 on 15 sampling
occasions was larger than, on 4 the same as, and on 4 less than that of Dalélv
water. Since change of the water mass is rapid in the small pond, between
the flume and the pond itself, where site 1 is situated, the flow of another
source of water must be large compared with the inflow of Daldlv water in
order to have any considerable effect. Therefore the spring water flowing



36

ROLF ARNEMO

Vegetation
7 =/ ..
Xiil
Vegetation
Fig.15
X -10

Vegetation

30- 40
40- 50
50-100



LIMNOLOGICAL STUDIES IN HYTTODAMMEN. !

Vegetation
\ | 30-40 _
IX /\ 40-50 Fig. 16
X//A s0-100

0 100m

37



38 ROLF ARNEMO

13/3 10/4 Fig. 17 a

in at the southern end of the upper part of the pond cannot significantly
increase the n value. Besides, the small increases which have been recorded
can perhaps also partly be ascribed to the additions of fish meal which were
made to the small pond at site 1.

A further example of the possibility that spring water and the vegetation
cause heterogeneity, and how this builds up during the summer, can be
studied in a small bay, described by Arnemo and Norltin (1962, pp. 45—®6).
In drawing Fig. 17 a and b the values for this bay were omitted, and a special
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27/8 19/9 Fig. 17 b

Fig. 17 a and b. Specific conductivity at different sites in the pond, showing horizontal
heterogeneity at different times.

Figure (Fig. 18) has been drawn to show the conditions there. The other two
bays in the SE bay which are more or less isolated by the vegetation have
been included for comparison.

It is apparent from the data in Fig. 18 that for observation points 6 and 8
no differences from the data from the SE bay can be observed, whereas obser-
vation points 2, 3 and 4 show a successive increase in specific conductivity.
Spring water is probably the cause of this, even though no spring was
observed here at the time when the pond was dry. Arnemo and Norlin
suggested that the high values were caused because the post-glacial and
late-glacial sand had been uncovered through the cutting away of the mull
layer. This might perhaps have contributed to the increase, but the occurrence
of a spring is probably the primary cause. The bottom material indirectly
brings about the heterogeneity which develops, since in passing through it
the spring water takes on its final ionic composition. Since the volume of
water in this little bay is small, even a minor spring flow can have a large
effect. The depth is about 3—4 dm. Between observation points 1 and 2 there
is a dense stand of Scirpus, through which one can pass with a boat. How-
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Fig. 18. Specific conductivity in some small bays off the SE bay at different times. The
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numbers in the table in the figure denote X20'+ 106 at the observation points indicated in

the figure.

ever, this passage is of no importance for reciprocal exchange between the
little bay and the pond just outside it. The passage has been dotted in the
Figure. It is apparent from the Figure, on comparing the two years, that the
external conditions changed. The dense mat of Glyceria fluitans and Eleo-
charis palustris which was present in 1961 was reduced in 1962 so that there
was a connection between the little bay and the pond just outside it. This was
a contributory cause of the influence of the spring being less pronounced in

1962 than in 1961.
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X -10

Fig. 19. Bicarbonate con-
tent in relation to “stan-
dard composition” (sensu
Rodhe 1949). nnequiv./I

7. Major constituents

(@) Composition of the Dalalv and spring water.

The table below shows that the ionic composition (equiv.-%) of the Dalalv
water differs very much from that of the springs and how they differ from
standard composition (abbreviated to stand, comp.). The mean composition
of the Dalalv water during 1959—62 and of 26 spring water samples is as
follows:

Ca Mg Na K HCO03 SO4 Cl
Dalalv 54 26 16 4 47 44 9
Springs 84 10 5 1 87 11 2
Stand, COMP.....ccovevivririennne 64 17 16 3 74 16 10

(b) Bicarbonate.

Data on the variation in bicarbonate content are presented in Figs. 20 and
21. It is apparent from the Figures that in the summer only two sites have
values higher than stand, comp. For a short time at the period of dying down
of the vegetation the bicarbonate proportion changes at site 4 and U, and then
exceeds stand, comp. This results from the effect of water from the springs
in the SE bay. Summer 1962 was an exception, and then no analysis data
gave values higher than stand, comp.

In winter, through the decrease in water volume due to ice formation, the
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HYTTODAMMEN
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Fig. 22. Bicarbonate content at different sites in the pond, showing horizontal heterogeneity.
For explanation see p. 45.

specific conductivity increases, and the bicarbonate proportion might be
expected to increase to the same extent, at unchanged ionic composition.
However, the composition does change, so that the proportions in the whole
pond increases to values higher than stand, comp. This change goes on
throughout the winter. See also Fig. 19, in which all observation data have
been related to specific conductivity, and are compared with stand, comp.
The observed increase probably depends mainly on the effect of the springs
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Fig. 23. Calcium content in

relation to “standard com-

position” (sensu Rodhe

1949). mequiv./I

but possibly also the bottom. Breakdown processes in the uppermost layer
of the sediment lead to an increase in bicarbonate content. When Dalélv
water is closed off, the spring water accounts for the addition of water. Thus
the proportion of bicarbonate increases (see p. 41). Increasing formation of
ice reduces the volume of water (see p. 8), which in turn means that the
effect of the springs on the composition is greater, though the flow may
remain the same. Unfortunately there are no measurements of spring flow,
so that their significance can not be calculated. It can be seen from Fig. 19
that the analysis data appear to lie on a straight line, with little scatter.

In connection with studies of the horizontal heterogeneity of the water
mass and with sampling for specific conductivity measurements, samples
were also taken (Aug. 4 1961) for measurements of the bicarbonate ion
content. The sampling technique was the same as for specific conductivity
samples. The isopletes in Fig. 22 have been drawn from the ratio between the
measured bicarbonate content and the bicarbonate content given by the stand,
comp, for the measured values of specific conductivity for each site. The
ratios show that different parts of the pond have different proportions of
bicarbonate in the ion balance. The influence of Dalalv water, with a lower
proportion than the stand, comp., and of the spring water, with a higher
proportion, is clear. On Aug. 4 the influence of the springs was not at its
greatest (compare the situation on Aug. 4 with Sept. 11 1961, Fig. 17 a) so
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Fig. 40. Potassium content in relation to “standard composition” (sensu Rodhe 1949).

that the differences between the different parts of the pond would be expected
to be even more striking immediately before the horizontal mixing in connec-
tion with the dying down of the vegetation. The vegetation is fairly uniformly
distributed in the Dalélv side and the SE bay. Its effect on bicarbonate con-
tent through assimilation may be assumed to be similar in these areas.

(c) Calcium.

As shown by Figs. 24 and 25, the calcium proportion is lower than stand,
comp, in Dalalv water and those parts of the pond which are influenced by
this water, and higher than stand, comp, in the SE bay. At sites 4 and U
there are also higher proportions than stand, comp., as a result of mixing
of the masses of water. In Fig. 23 the analysis data have been plotted in
relation to specific conductivity and they show a good agreement. The in-
crease in proportion of bicarbonate ions over the expected during the winter
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is seen to have its equivalent in content of calcium ions. This increase is also
attributed partly to the sediment processes but mainly to spring water.

(d) Sulphate, chloride, magnesium, sodium and potassium.

In summary, it may be said for these ions that their proportions decrease
during the winter and almost all, sooner or later, are lower than stand, comp.
See Figs. 26—35. These changes are probably attributable to the influence
of spring water, which has lower proportions than stand, comp. During
summer and autumn proportions of sulphate and magnesium higher than
stand, comp, can be observed, while those of sodium, potassium and chloride
are usually less. It is virtually always for Daldlv water and site 1 that pro-
portions of the last three are higher than stand, comp. During the summer
the absolute contents of sodium, potassium and chloride decrease rapidly
and then increase, as is discussed on pp. 85), where the change in potassium
proportion to a value higher than stand, comp, is also explained.

In Figs. 36—40 the amount of the various ions is related to the stand,
comp, for corresponding values of specific conductivity. Sodium and chloride
values appear to lie on a straight line, with little scatter, while the others are
more scattered.

8. Minor constituents
(@) Phosphorus.

Data on contents of phosphate-P are shown in Figs. 41 and 42; on total-P
contents in Figs. 43 and 44; and the proportion of phosphate-P in the total,
as calculated from these, in Figs. 45 and 46.

The phosphate-P is higher in the summer in the SE bay than in the other
parts of the pond. The observed values are sometimes so high that an effect
from pollution might be suspected. However, Hyttédammen is not polluted,
and so the high values must be due to other causes (see pp. 89—90). The phos-
phorus content increases in the winter.

Total-P content is least in Daldlv water and at site 1 in the summer. The
contents in the SE bay are sometimes higher than at other parts of the pond.
In winter the contents increase.

Phosphate-P as a percentage of total-P is higher in the SE bay than at
other parts of the pond. At site 8, the proportion is especially high, with
c. 50 % during August and September.

The spring water varied between 0.3—27 with a mean content of 5.4 pg
phosphate-P per litre and 4.1—60 with a mean content of 15.3 pg total-P
per litre. The relation between their means is 0.36.

To judge from the measured values it seems that phosphorus is not a
limiting substance for production in Hyttddammen.
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(b) Nitrogen.

Data on the various nitrogen fractions are presented in the following
Figures: Fig. 47 for ammonium-N, Figs. 48 and 49 for nitrite-N, Figs. 50 and
51 for nitrate-N, Figs. 52 and 53 for total-N, and the proportion of organically
bound nitrogen, calculated from these data, in Fig. 54.

Analysis of ammonium-N has been done only during summer 1962. The
results show that after filling there are larger amounts than later in the sum-
mer. In the SE bay the amounts are somewhat larger than in the other parts
of the pond.

Analysis of nitrite-N has been done from late September 1961 onwards.
Thus they cover the period when the pond was water-filled even during the
winter. The only small increase which was recorded was at site 1, which is
separated from the rest of the pond and therefore also from the aeration tube.
Otherwise, as expected, the contents are low and sometimes undetectable.

Contents of nitrate-N are low in the summer and sometimes undetectable.
At site 6, near the springs, somewhat higher values can be recorded for the
bottom water. In winter the contents increase. The spring water is rich in
nitrogen (see below under total-N), of which a considerable part is nitrate-N.
The value varied between 102 and 2,930 with a mean value of 670 |ig nitrate-N
per litre.

Total-N values from 1959 up to June 13 1962 are probably too low (see
p. 5). If the total-N content does not vary too much from year to year during
the period of the investigation, it seems from the values after June 13 1962
that the values from Lohammar’s method should be multiplied by a factor
of about 2. Only one isoplete has been drawn in Fig. 52, but in Fig. 53, where
all values except those from the first sampling occasion have been obtained
from analysis after Kjeldahl digestion, further isopletes have been drawn.
Fig. 53 shows that the SE bay has somewhat higher total-N than the rest of
the pond, during the vegetation period. Spring water contains 886 pg per
litre on average, according to analyses by Lohammar’s method. The values
vary between 150 and 3,030 pg total-N per litre.

The proportion of organically bound nitrogen expressed as a percentage of
total-N has been calculated only for sites 4—8 during summer 1962 (see
above section on total-N values). The lowest values were observed at site 5.
In the main, c. 95 °/o of total-N is bound in an organic form.

(c) Nitrogen!phosphorus relations.

In Figs. 55 and 56 the ratio between total-N and total-P, calculated from
data given earlier, is shown. In Fig. 55 the total-N values which are errone-
ously too low have been used (see above). The ratios given should be multi-
plied by about 2. Fig. 56 shows that there is a change in the relation between
nitrogen and phosphorus during the first half of the vegetation period. This
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is due mostly to an increase in total-N content. After that, total-N decreases
and total-P increases, so that lower values obtain. No change can be detected
in connection with the dying down of the vegetation.

(d) Silicon.

Data on silicon are given in Figs. 57 and 58. From these it is apparent that
the content of the Dalalv water varies between 1.5 and 2.5 mg/1, during spring
and summer. At the same time, the contents in the whole pond are lower
and for the outflow stream there is a variation between 0.5 and 1.5 mg/1.
(See p. 90.) In the winter the contents increase.

The mean silicon content of the spring water is 4.38 mg/1. The values vary
between 2.81 and 5.89 mg Si per litre.

(e) Iron.

Analysis has been of total iron, and the data are presented in Figs. 59 and
60. There are no marked differences between the different sites, nor can any
variation with time be detected during the summer. In the winter the con-
tents increase considerably.

VI. Some major and minor constituents in relation to higher
aquatic vegetation

1. Horizontal heterogeneity

The significance of the vegetation in ponds and lakes has been described
from various aspects by Nordquist (1920), Titcomb (1924), Kilugh (1926),
Frohne (1938), de Gruchy (1938), Wilson (1938), Hotchkiss (1941),
Welch (1952), Seidel (1955), Penfound (1956) and Schaperclaus (1961).
One of these aspects is the significance of the vegetation for the chemical
composition of the water, and this is dealt with in the present article. Welch
(1952, pp. 303—309) summarizes the most important direct and indirect rela-
tions of “the functions which the larger aquatic plants play in the aquatic
complex”. The “local reduction of wave action” (p. 307) is one of the factors
mentioned. In Hyttédammen this is one of the conditions for the development
of horizontal heterogeneity. Another condition is the presence of the two
sources of incoming water, of different composition, i.e. the Dalédlv and the
springs. In the literature there are apparently no descriptions showing con-
ditions similar to those of Hyttédammen. For lakes with broad littoral zones
or rapidly encroaching vegetation or cut-off bays or lagoons, there is informa-
tion about the development of horizontal heterogeneity for various environ-
mental factors (e.g. Puke 1949, Gieysztor 1961, Lohammar unpublished
data on Lake Takern).

In Fig. 61, the ionic composition during the vegetation period is compared,
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and the dotted lines the composition after the dying down. Site k represents the mean
of water taken from springs as indicated on the map.
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for several different sites, with that after the vegetation has died down. The
ionic composition of the spring water, as mean values, is also given there.
These data have been compared with the ionic composition of the incoming
Dalalv water. As an expression of the conditions during the vegetation period
a mean value of the analysis data for Dalédlv water and for the sites from the
period June 18—Sept. 19 has been calculated. It is difficult to say exactly
when Sagittaria begins to die down. It can, however, be seen that the leaves
begin to wither at the end of August. Nevertheless the values from Sept. 19
have been included as part of the growth period. Dying down was not then
complete since the stalks with fruits and remains of the leaves remained
upright. Note also that the absolute values for the mobile ions, sodium,
potassium and chloride, in Figs. 28—29 and 32—35 have already increased
in the sampling on Aug. 27.

The ionic composition of Daldlv water has been used as a base and for
each ion the sites and the spring water have been arranged in order of
increasing deviation (positive or negative) from that base. With the exception
of two magnesium, three chloride and five potassium values the order is the
same. The least deviation from Dalalv water was observed at site 5; then
followed sites 4, 8, 7, 6 and spring water. Thus site 4 is intermediate between
Daléalv water and spring water, and the deviations in composition of the SE
bay are explained by the influence of the spring water. For comparison be-
tween spring water and Dalalv water see p. 41.

In Fig. 61 the ionic composition after horizontal mixing has also been
marked, by dotted lines. Even though it is not justified to compare values
from a single analysis with a mean of 15 analyses at each site, it is possible
to note some tendencies. The Figure shows that the mixing is not 100 %
complete, but that significant changes take place in the direction of homo-
geneity of the water mass. In site 5 the calcium and bicarbonate proportions
have increased in the direction of the composition of the spring water,
whereas at other sites they have decreased. For magnesium and sulphate the
changes were not so similar for the different sites. As observed above, (p. 61),
this is due to their greater variation in the analysis material as a whole. For
sodium, potassium and chloride quite good homogenization could be observed.
However, it may be noted that after mixing these ions increase to contents
which for all of them are higher than before mixing. This additional amount
probably originates from the vegetation. (See Figs. 28—29 and 32—35 and
explanation below.)

2. Mineral circulation
(@) Chloride, sodium and potassium.

The vegetation is known to have an effect on the ionic composition through
ion uptake during the period of growth. The ions are taken up partly from
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the water and partly from the sediment. Uptake from the sediment by rooted
vegetation can also affect the ionic composition of the water, since mobile
ions (sodium, potassium and chloride) can move from the water to the sedi-
ment (see below, pp. 87—88). As has been mentioned above, (p. 6) during the
summer a rapid decrease in the absolute content in the water of these easily
mobile ions can be observed. This differs from observations which have been
made for lakes. Holl (1951, p. 141) writes, for example, about potassium
content of lake water: “Ein starkes Absinken des Kaliumgehalts habe ich
weder bei normalen Seen noch bei solchen mit starker Phytoplanktonent-
wicklung gefunden. Niemals habe ich wie bei Phosphat und Stickstoff Null-
werte fur Kalium oder weniger als 0.5 mg/l. K gefunden”.

The ions taken up are incorporated in the structure of the cell or are
accumulated in the cell sap. Different ions are concentrated to a different
extent by different species, and the same species varies in uptake at different
places. See, for example, Schuette and Hoffman (1922), Schuette and
Alder (1928 and 1929), Lehtoranta (1956, p. 154) and Forsberg (1960,
p. 107 and Table 7). The degree of concentration also varies with the age of
the plant. Stenlid (1958) states, for land plants, that young parts have high
contents. In older plants there is a movement from leaves to fruits. Solski
(1962) has shown for water plants (Typha latifolia) that the potassium con-
tent, in mg per g dry weight, is highest at the end of May. In addition, in
his two investigation years the contents were approximately the same on the
same date.

As early as 1908, LeClerc and Breazeale showed that minerals accumu-
late in plants, and may easily be leached out. They observed that hay may
lose 50 % of its minerals if there is rain after it is cut. The laws governing
the degree of uptake seem still to be unknown in detail. As an example of
some of the pieces of the puzzle which have been described, Gessner (1959,
pp. 431—2), on the importance of potassium and sodium for cell physiology
and on how the plant aims at a balance between them, may be referred to.
When one ion is taken up, another is removed through ion antagonism.

According to the literature, the distribution of uptake ability between the
various parts of a water plant covers a complete scale from plants which
take up only through parts under water to those which are thought to take
up only through the roots. Lohammar (1938) summarizes “dass die Wurzel-
festen Hydrophyten in ihrer Mehrzahl ihre Néhrsalze hauptsachlich aus dem
Boden beziehen”. Sagittaria can also be grouped here, as it is rooted, and as
it has a small leaf area. Plants with roots but with a large leaf area might
perhaps take up the main part of their nutrients through the leaves. Sagit-
taria longirostra, according to TITCOMB (1924), has roots up to 60 cm long.

There is, however, another possible path for ions from water to plant, i.e.
through direct uptake by floating leaves and perhaps also stalks. Némmik
(1962) refers to different experiments which have been done with land plants
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where various nutrient substances important for plants have been applied by
leaf spraying and where positive results have been achieved.

Thus Sagittarici probably relies mainly on the bottom for its nutrient
uptake. The bottom of Hyttédammen is rather different from that of a lake,
for example. It is very young (25 years) judged on a lake time scale, so that
no significant organic sediments have been formed. Nor does sediment forma-
tion go on normally, because every year Hyttddammen is drained of water,
and a large part of the organic production is removed, partly as fish, partly
as sediment in the water drained away. The bottom of Hyttédammen loses
on drainage not only organic constituents but also easily soluble inorganic
salts. The removal is mainly of potassium, sodium and chloride, and not,
for example, calcium, as is apparent from the following data about the
character of the sediment of Hyttddammen. (H below.) For comparison,
values for some exchangeable cations from the sediment of the eutrophic
Osbysjon (O below) have been taken from Anr (1964). The figures are in
mg/100 g air-dry soil. The analyses of the sediment of Hyttdédammen have
been made by Statens Lantbrukskemiska Kontrollanstalt.

i Ca Na K Cl
Sediment layer . N i .
H 0] H O H 0] H O
0—5 cm 3,150 1,320 8.7 426 135 65.3 072 —
5—10 cm 4,560 1,300 91 414 6.0 645 0.75 —

The significance of leaching has been shown experimentally for chloride
by Dr 0. Johansson, Uppsala, who found in agricultural research in pot and
field experiments (supplement to the Minutes of the Soil Survey Committee
at the Royal Agricultural College, Uppsala, 8 9 March 9 1963) that after
harvest and after leaching out by normal annual precipitation the soil con-
tains 0 mg CI/100 g air-dry soil. After fertilization with 2,400 kg KCl/ha there
was 0 mg CI/100 g air-dry soil in the layer 0—20 cm and 1—2 mg CI/100 g
air-dry soil in the layers below, down to a depth of 80 cm.

The contents of the readily soluble ions which are present in the bottom
of Hyttédammen are probably not sufficient to meet the requirements of the
aquatic vegetation. The only feasible explanation is that the vegetation takes
up ions from the water, via the sediment, according to the hypothesis put
forward on pp. 86—87 above. That the contents of other ions such as cal-
cium and bicarbonate, which are quantitatively important for the growth of
the cells, are not affected in the same way as sodium, potassium and chloride
depends on different factors. As the values for exchangeable calcium ions
show, the calcium content in the sediment of Hyttddammen is sufficiently
high to meet the requirements of the vegetation and, besides, calcium is not
so mobile that significant movement between water and sediment can take
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place. Wilson (1939) gives a survey of the literature in which the importance
of the bottom for the higher aquatic plant vegetation is discussed.

According to Emanuelsson et al. (1954) the fact that there is compara-
tively more calcium than sodium or chloride in the precipitation is of minor
importance as an explanation of the unchanged calcium contents in the
water. As calculated from their values, the Géavle area receives c¢. 8 kg calcium
per hectar a year, c. 6 kg sodium and c. 3.5 kg chloride.

The ions transferred from water to vegetation, in the way mentioned above,
move quite rapidly back to the water by diffusion when the vegetation dies
down. For Hyttddammen it is not possible to demonstrate the probability of
this explanation by measurements. There are no flow measurements for the
incoming and outgoing water, and it is hardly possible to make such measure-
ments for the springs. According to Solski (1962) the maximum amount of
calcium is released from dried vegetation (Lemna gibba, Typha latifolia
and Potamogeton lucens) within 24 hours. For fresh vegetation the release
is equally rapid if the vegetation is first broken up, but if it is not broken
up it takes 3—4 days.

Penfgund (1956) has shown that production is high for aquatic vegetation.
Typha latifolia had the highest production in early June, 10.94 g C/m2/day.
Odum (1954) gives 8.6 as a maximum value for Sagittaria. These figures are
higher than those reported for production by land vegetation. They also
suggest that the other trophic levels in Hyttédammen will not be able to
contribute such a large quantity of the easily mobile ions, when they decrease
in the autumn, as will the higher plants. Forsberg (1960) showed that in
Osbysjon the ratio between the standing crop of Chara, which was dominant
in the vegetation, and the maximum amount of phytoplankton, calculated as
mg/m2, was 1.7 + 103,

The nutrient-rich character of the aquatic vegetation has also been shown
by animal husbandry. Nelson et al. (1939) reported growth experiments
with rats which were fed on different aquatic vegetation to show the content
of vitamins in the plants. Chemical and biochemical analysis data for some
aquatic plants are also given. Seidel (1955) has also shown the nutrient-rich
character of Scirpus lacustris.

Thus one can say that other authors have observed concentration of
nutrients in the plants, and that uptake of these by Sagittaria occurs through
the roots. In the conditions prevailing in Hyttddammen it has been shown
that this uptake causes a decrease in the contents of the easily mobile ions
in the water. It seems probable that Sagittaria takes up nutrients directly
from the water and by means of the roots since there is a well-developed root
system and the leaves are partly floating on the surface and partly stand
above the water level.
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(b) Phosphorus.

The role of phosphorus in mineral circulation in water has been the subject
of many investigations, which have been reviewed by Hutchinson (1957).
It is apparent that excess phosphorus is rapidly removed from the water and
retained either in the sediment or in organisms. The higher aquatic vegeta-
tion is one of the groups of organisms which has been subjected to detailed
study in respect to removal of phosphorus. Brook and Hoiden (1957) and
Hoirden (1959, 1961) consider, on the basis of fertilization experiments in
Scottish freshwater lochs, that macrophytes and attached algae are most
active in removing phosphorus from the water, with 20—70 %. They found
that of those species dominant in the vegetation, no significant uptake occur-
red by Lobelia dortmanna, Littorella uniflora, Nymphaea alba, Equisetum
fluviatile or Carex rostrata. However, for Myriophyllum spicatum, Potamo-
geton praelongus, P. perfoliatus and P. gramineus significant uptake was
observed. These two groups of plants differing in phosphate uptake both have
well-developed roots, but the second one has also a large leaf area for uptake
(see above pp. 86—7). Any possible significance of these important differences
of principle in the way in which nutrient substances are taken up by different
plants does not seem to have been taken into consideration by Brook and
Houden in drawing their conclusions.

In a summary of his earlier published results, Hayes (1962) points out the
role of bacteria in delaying the passage of the phosphate to the sediment and
thereby its removal. He has done aquarium experiments with radiophos-
phorus to show the relation of uptake by plants (Eriocaulon, Utricularia and
Sphagnum) to uptake by bacteria. With only plants present, the phosphorus
content of the water sinks rapidly, in agreement with Brook’s and Holden’s
theory. If bacteria are added, the phosphorus content sinks slowly. “The
effect of bacteria is to hold phosphorus in the water and prevent the large
loss to the bottom plants. This is because bacteria hold large quantities of
phosphorus in their cells and produce soluble organic radiophosphorus, which
the plant presumably cannot assimilate” (p. 658). It seems that the high
values of phosphate-P in Hyttddammen might be due to bacteria, according
to Hayes. Brook’s and Holden’s theory seems to be correct if the type of
vegetation which occurs is taken into account and if the content of bacteria
is low.

To obtain a value for the bacteria content in water, samples were taken at
sites 4, 5 and 6 on Aug. 26 1963 at a depth of 0.1 m. The laboratory work
was done by Dr. V. Turirander of the Microbiological Institute, the Agri-
cultural College, and gave the following values:

Sites: 4 5 6

Agar bacteria 24°/mI/3 AAysS......ccccooviviinniiiirieee 2,500 22,000 6,900
Total number of bacteria in millions/ml .. 0.7 1.0 1.3




90 ROLF ARNEMO

Even if the value of a single sample is only approximate it is clear that the
agar bacteria content is many times higher than in unpolluted lakes in the
surroundings of Uppsala (Tullander, 1962). The total content of bacteria
determined with the membrane filter procedure shows that there may be
most bacteria in those parts of the pond that have dense vegetation.

(c) Silicon.

The observed decrease in Figs. 57 and 58 in the pond for silicon is probably
due mainly to uptake by the Aufwuchs. These algae are abundant, and have
been investigated by Mr. L. Kronborg. (Data will be published later.) Other
organisms that might influence the content of silicon in water are the diatoms
in the phytoplankton, and higher aquatic vegetation. The increase in diatoms
in the phytoplankton has been related to decrease in silicon content (for
example, Willén 1959 for Gorvaln). However, the diatoms are sparse in
Hyttbédammen, according to the determinations of the standing crop of
phytoplankton made by Dr. A. Nauwerck, Uppsala in connection with my
investigations of the primary production. For the higher aquatic vegetation,
it has been shown that silicon is a constituent of plant organs (for example
by Schuette and Hoffman 1922, Schuette and Alder 1928, 1929, and
Forsberg 1960). The higher vegetation in Hyttddammen probably takes up
silicon through the roots. Silicon cannot easily move through the sediment
and thus the higher vegetation cannot cause a decrease in the silicon content
of the water.

VII. Summary

In this article an account is given of the physical and chemical conditions
in Hyttédammen. Hyttddammen has an area of c¢. 12 ha and an average
depth of ¢. 1 m. Itis used for rearing of first-summer, or one-year-old salmon.
The pond receives water mainly from the river Dalélv via a flume, but some
springs opening into the pond also contribute. The Daléalv and spring water
have quite different chemical properties. For example, the specific conduc-
tivity of the spring water is c. 250+ 10~6, whereas that of Dalalv water is
c. 30—40 + 10~6. The spring water is relatively richer in calcium and bicar-
bonate, in comparison with Dalalv water and standard composition.

The abundant vegetation, mainly Sagiltaria sagittifolia L., has a great
effect. Firstly, horizontal heterogeneity can build up, partly because of the
influence of spring water; secondly, the most mobile ions (potassium, sodium
and chloride) are taken up from the water. Because of leaching out of the
sediment each year, in connection with draining the pond and removing the
fish, the contents of these ions in the sediment are so low that Sagittaria’s
requirement for them cannot thereby be met. The remaining amounts are
taken from the water, and during the vegetation period this causes move-
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ment from the water to the sediment. Sagittaria takes up the greater part of
its nutrients through the roots. When the vegetation dies down the ions which
have been taken up are released into the water.
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1. The lakes

The Norwegian lake Tunnhovdfjord, situated in the upper part of Nume-
dalslaagen at an altitude of 735 metres, serves as a water-storage basin for
power generation. Since 1919 the level of the water has been raised by 18
metres in relation to the previous low-water level. The rhythm of the annual
fluctuations of the water level corresponds to that of other impounded lakes
in the Scandinavian high mountains. This means a high and relatively sta-
tionary water level during the summer. The stored water is used in the
course of the winter until low water is reached in the spring.

The drowned area consists of forest upon rocky ground with mosses and
heather. Prior to the damming-up the big conifers had been felled, but the
stumps, minor trees, shrubs, and rubbish were left.

Similar conditions apply to Lake Paalsbufjord, situated immediately above
Tunnhovdfjord at an altitude of 750 metres. Its annual amplitude is 23.5
metres.

Lake Rodungen, at an altitude of 944 metres and with a fluctuation of the
water level amounting to 6.5 metres, is fed from a limited drainage area.
For this reason several years are required for its being filled.

2. Earlier investigations

With the intention of elucidating the effect of the regulation primarily
upon the fish fauna of the lakes, investigations have been carried out since
the time before the impoundment (Dahl 1926, 1931). The investigations of
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Danhl in the years 1917, 1920 and 1923 include among other things the bottom
fauna in Lake Tunnhovdfjord. Danl established that the regulation resulted
in a reduction of numerous organisms that normally occupied the littoral
region of the lake. Animals important as fish food, such as Gammarus,
larvae of Sialis, Trichoptera and Ephemeroptera, seemed to be eliminated,
and the gastropods had become scarcer. On the other hand there occurred
a decided flourishing of the small benthonic crustaceans, e.g. Eurycercus
lamellatus Mul1, and Sida crystallina Mal1, as well as of the pelagic forms,
e.g. Holopedium gibberum Zadd. and Daphnia longispina Mual .

Investigations carried out ten years after the regulation by Huitfeldt-
Kaas (1935) revealed in the lake a fauna richer in insects, coupled with a
decline of the small crustaceans. This shows that the flourishing of, e.g.,
benthonic cladocerans is of short duration.

The detailed investigations into the fish fauna in the lake carried out in
more recent years show the large insect larvae form an important item in
the diet of the fish (Aass, personal communication). The observations indicate
that these larvae are more resistant to the regulated conditions of the lake
than are other typical fish food organisms (Aass 1957).

Bottom samples and stomach contents of brown trout, Salmo trutta L.,
obtained by Aass in 1960—61 proved to contain Siphlonurus lacustris Eat
and a few isolated specimens of Heptagenia fuscogrisea Retz Siphlonurus
lacustris also occurs in other impounded waters, e.g. in Lake Blasjon in
northern Sweden (Grimas 1961) and in Lake Arnensee in the Swiss Alps
(Grimas and Nilsson 1962). This ephemerid belongs to the few bigger insects
that can be expected to take possession of the regulation zone in this type of
impounded lake.

3. The investigation 1961

Lake Tunnhovdfjord and the neighbouring impounded lakes Paalsbufjord
and Roédungen were studied in October 1961.

The physico-chemical properties of the water are presented in Table 1.
The lakes can be characterized as oligotrophic lakes with clear water. The
relatively high values for transparency prove the absence of any considerable
turbidity resulting from the regulation. Most of the loose sediments of the
regulated zones ought to have been transported to areas below the draw-down
limit.

Great parts of the drained area of Lake Tunnhovdfjord are covered by
remains of the former forest, especially by stumps of trees, and limited areas
with the former moss carpet are also found in more exposed parts of the
lake. With the exception of less exposed areas, e.g. the north-western bay of
the lake and Bergevika, where fine sediments occur as high as the shoreline,
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Table 1. Physico-chemical data on October 14, 1961.

Tunnhovdfjord Paalsbufjord Rédungen

Transparency, m................. 10.6 17 —
Surface temperature, G . .. 9.3 8.8 7.2
PH e 6.8 6.9 6.9
Hao ' 10° ... 18.6 18.1 20.1
HCO3 Ltequ/l .oceeveevereeene. 88 88 121
S04 67 61 57
Cl s 13 14 13
Ca 112 90 152
Mg 28 46 4
Na " 22 22 22
. " 62 62
TotN [xgn 86

Tot P [9 ........... . 3.8 2.9 4.2
PO4 0.3 0.2 0.6

(The chemical analyses were made by Dr. T. Ahl at the Limnological Institute of
the University of Uppsala)

the sediments consist of sand, gravel and blocks. The organogenic material
of the profundal contains a considerable proportion of coarse detritus derived
from the forests, e.g. conifer needles, strands of roots, fragments of bark and
conifer cones.

The fauna

The examination of the bottom in Tunnhovdfjord comprise both exposed
and more sheltered littoral areas down to the profundal region below the
draw-down limit. In Paalsbufjord the littoral fauna and in Roédungen the
shore fauna have been studied.

The investigation is directed mainly towards the qualitative composition
of the bottom fauna, but has been supplemented by quantitative material
from Tunnhovdfjord.

Insects. One of the most important results is the establishment of the
bigger insect larvae in the littoral of Tunnhovdfjord to an extent that differs
from that in other impounded lakes examined. Within exposed areas these
insects seem to be concentrated mainly in the stumps still fixed in the ground.
These contain a considerable quantity of larvae of plecopters, ephemerids
and trichopters (Table 2.). The larvae are also found in the loose rubbish
which drifts along the shores. The plecopter Nemoura cinerea likewise occurs
spread over the naked rocky bottoms of the area. In sheltered bays the dis-
tribution of the animals over the bottom sediments is more uniform. Among
the larger species Siphlonurus lacustris is the dominant form with, in addi-
tion, semiterrestrial larvae of dolichopodids and tipulids.

As in other regulated lakes, the concentration of bottom animals is higher
in the immediate vicinity of feeders, where the fauna also receives contribu-
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Table 2. Bigger insect larvae established in the littoral of
Lake Tunnhovdfjord.

Exposed bottoms Sheltered bays
Block bottoms: Nemoura cinerea Retz. Nemoura cinerea Retz.
Siphlonurus lacustris Eat.
Stumps of trees: Nemoura cinerea Retz. Leptophlebia marginata L.
Siphlonurus lacustris Eat Baétis sp.
Leptophlebia marginata L. Adelphomyia sp.
Limnophilus bipunctatus Curt Dolichopodidae

Phryganea obsoleta Hag.

tions of rheophile forms, e.g. Baétis rhodani Pict., Heptagenia sulphurea
Mul 1., Diura nanseni Kemp., Polycentropus flavomaculalus Pict. and Rhya-
cophila nubila Zett

The experiences gained in Paalsbufjord suggest that the conditions in the
littoral of this lake agree on the whole with those in Tunnhovdfjord. On the
occasion of the sampling the upper littoral appeared poorer, but this is prob-
ably connected with the circumstance that the lake had only recently been
filled.

The greatest divergences from the customary picture of regulation were
observed in Lake Rodungen. Here the shore fauna seemed to have been very
little affected by the regulation, and larvae of ephemerids, plecopters, tri-
chopters and dytiscids occurred abundantly along the shores together with
Gammarus. Common were for instance larvae of Leptophlebia marginata,
Nemoura picteti Kilap. and Capnia atra Mort, but also imagines of Haliplus
fulvus Fabr. Hydroporus palustris L. and Callicorixa concinna Fieb. The
latest lowering of the water level took place in 1959, and it appears probable
that the slow rhythm of regulation, in combination with a limited amplitude
of the water, creates in Lake Rodungen conditions which are more favour-
able to the fauna than those obtaining in the impounded lakes situated
nearby.

A long-term effect of the regulation means in most of the studied lakes a
change in the balance within the fauna to the advantage of the chironomids
(Rawsgn 1958, Grimas 1962, Aass 1963). It can be assumed that this develop-
ment also applies to Lake Tunnhovdfjord. The data obtained by Dahl in
1917 do not include exact information about the number of the minor crusta-
ceans, but the share of the chironomids in the total fauna can be estimated
at less than 24 per cent. In the winter of 1927 the corresponding figure in
Paalsbufjord was 37 per cent. In samples from Tunnhovdfjord from 1961 the
larvae of dipters predominate numerically in the fauna, and in the quantita-
tive material constitute 52 per cent of the animals.

The proportion of semiterrestrial larvae of dipters is great in the upper
littoral both in exposed and in more sheltered regions, the genera Pseudo-

7
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smittia and Stilobezzia, for instance, occupying a dominant position together
with Psectrocladius and Tanytarsus.

The largest number of chironomid species appears somewhat lower down
in the littoral within sheltered regions with an uninterrupted cover of sedi-
ments. Within the depth zone 5—6 metres we may mention representatives
of the genera Psectrocladius, Sergentia, Tanytarsus, Procladius, Ablabesmyia,
Polypedilum and Cricotopus and, less frequent, Protanypus, Constempellina,
Microtendipes, Chironomus, Demicryptochironomus and the ceratopogonid
Stilobezzia. In more exposed environments within the same depth zone the
chironomid fauna is, however, poor and larvae of tanypodines are encoun-
tered mainly in bottoms with old moss vegetation. The Tanytarsus gregarius-
group and Orthocladius naumanni Brundin also occur within the region.

Towards the deeper parts of the littoral (depth zone 10—12 metres) the
larvae of tanypodines are still common, but here loose sediments and mosses
occur more frequently and with them also other species within the genera
Heterotrissocladius, Trissoclcidius, Tanytarsus, Microspectra and Microten-
dipes.

The chironomid fauna of the profundal (depth 25 metres) consists mainly
of species from the main group Chironomini, particularly Stichtochironomus,
but also Microtendipes, Polypedilum and Sergentia. In addition there occur
Microspectra, Constempellina, Stempellinella, Cricotopus and Procladius.

In giving a general summary of the chironomid fauna we can establish
that orthocladines and tanytarsines occupy a very marked position in the
littoral fauna of the lake, and that they are the only forms encountered in
its upper parts. A richer assortment of species with, inter alia, representatives
of the Chironomini can be encountered only in littoral bottoms that are
sheltered from erosion and covered by uninterrupted layers of fine sediments.
Stichtochironomus rosenschdldi Edw. is restricted to profundal areas below
the draw-down limit, a fact which might be interpreted as a result of the
regulation. This species is characteristic of many lakes in the Scandinavian
high mountains, where it normally also occupies the littoral (Lenz 1928,
Brundin 1949).

Other bottom animals. Of the other larger bottom animals which
previously occurred in the littoral of Lake Tunnhovdfjord only a small
remnant is left. Lymnea peregra Mull, has been encountered in isolated
individuals in the sheltered bays, and Asellus aquaticus L. in the neighbour-
hood of the draw-down limit. An isolated find of Gammarus in the stomach
of a brown trout may also be mentioned (Aass, personal communication),
but the occurrence in the lake of this once so important prey cannot be taken
for granted. Aass also reports the presence of Lepidurus in the lake after the
impoundment.

In Tunnhovdfjord the cladocers reach their maximum development at the
beginning of September (Dahl 1931). This explains in part the relatively
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Table 3. Estimated quantity of bottom animals in the Lake Tunnhovdfjord,
1961. Individuals/sq.m and gramme/sq.m (in italics).

Depth zone Sheltered bays Exposed bottoms
bare sediments sediments+
moss cover
0— 1m 5,280 3.2 249 0.1 —_ —
5— 6m 660 0.7 264 0.2 748 1.3
10—11m .. — — 594 0.6 —_ —
25—26M e, — — 1870 24 — —

small proportion, 9 per cent, the total fauna of the lake represented by them
at the time of the present investigation (middle of October). In the bottoms
that are normally influenced by regulation Simocephalus vetulus Mull.
occurs down to regions below the draw-down limit together with isolated
specimens of Daphnia longispina and Holopedium gibberum. In the sheltered
bays the cladocer fauna is considerably richer and Ophryoxus gracilis Sars.,
Eurgcercus lamellatus and Alona quadrangularis MULL, are common up to
the shoreline. Sida crystallina, characterized by Dahl as very common, could
not be traced in the lake (cf. Huitfeldt-Kaas 1935).

Next to the chironomids the oligochaets contain the greatest number of
individuals and constitute 31 per cent of the material. Like many other groups
of animals the oligochaet fauna is best developed in the sheltered bays. In
the normally eroded bottoms of the drainage area the oligochaets are rare
and occur mainly in connection with the old moss carpet. As in other
impounded lakes examined, enchytreids occur in a narrow zone in the upper
littoral, while the naidids dominate in the sediments of the profundal.

The pisidids are rare above the draw-down limit, but have been encoun-
tered in the north-western bay of the lake up to the middle littoral.

Among the remaining organisms we may mention hydras along block-
strewn shores and nematods with a distribution that agrees on the whole
with that of the oligochaetes.

Quantity. The quantitative material has been collected by means of a
bottom sampler of the type Ekman-Birge and thus covers only regions with
loose sediments. Sifting was performed through 0.6 mm mesh, and the
weighing was carried out of preserved material to a limit of £0.1 mg. The
material does not include enchytreids and nematodes, the small size of which
is assumed to cause losses in the sifting.

The size of the material (15 bottom samples) does not permit more detailed
analyses, but should give a rough picture of the conditions in Tunnhovdfjord.

The results (Table 3) agree with the experiences from other impounded
lakes examined. The greater part of the dammed-up region is poor in indi-
viduals, and the bathymetrical distribution of the animals shows, contrary
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to what is found in normal lakes, an inverted course with maximum abun-
dance below the draw-down limit, in this case in the profundal.

Different conditions arise in areas that are protected from erosion and
covered by a continuous layer of fine sediments. This permits a distribution
similar to the natural one, with maximum abundance within the littoral.
Scattered, limited portions of the former moss cover also house a fauna
which is richer in individuals than the eroded minerogene bottoms, and the
remaining tree stumps in the drainage area constitute similar refuges for
a more abundant fauna.

4. Discussion

Earlier examinations of the bottom fauna in impounded lakes in the Scan-
dinavian high mountains have shown that the annual drying up and freezing
of the bottoms in the zone of regulation, together with the changed composi-
tion of the bottom sediments of the lakes, is of great importance for the quali-
tative composition of the fauna. In certain circumstances the spectrum of spe-
cies can, however, be surprisingly broad and the biomass of the remaining
fauna can be high with regard to the extreme conditions prevailing within the
regulated region during the winter. A modifying factor seems to be the avail-
ability of fairly undifferentiated organogenic material in different stages of
decomposition. In bottom areas which are exposed to freezing in winter, and
in which detritus is the only source of food, an abundance of up to 8,000
animals/m2 has been established. Here we find, among insects and crusta-
ceans, species, which normally dwell in the parts of the lake that contain
vegetation but have been eliminated from the eroded regulation zones
(Grimas 1960, 1962).

In Tunnhovdsfjord the conditions are similar. The eroded minerogene
bottoms, dominating the drainage zone, contain a fauna poor in species and
individuals. The data about the quantity by weight of bottom animals in the
littoral of the lake in 1917 vary between 0.6 and 2.8 g/m2 (Dahl 1926). In
1961 these values lay between 0.1 and 1.3 g/m2 for the bottoms normally
influenced by the regulation. In spite of the long period of regulation, there
nevertheless occur in the littoral areas exhibiting a modified effect of the regu-
lation. The importance for the production of fish of such areas which serve as
refuges for a richer fauna is not exactly known at present, but can be traced
in the choice of food shown by the fish (Nilsson 1981). Their importance
is, of course, to be connected with their size, but also to the specific com-
position of their fauna, e.g. the availability of their organisms as fish food
(cf. Grimas 1963).

The major part of the fauna of the sheltered bays is embedded in the
sediments and for this reason probably less accessible as food for brown
trout and char, Salvelinus alpinus L., in Tunnhovdfjord. But there exists in
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these areas as tendency to retain also more available organisms like gastro-
pods, the larger insect larvae and benthonic cladocerans which in higher
concentrations can be of importance as objects of prey, e.g. Siphlonurus
lacustris.

The fauna of the limited “moss islands” is dominated by oligochaetes
which can be utilized as food by the actual fishes only to a very small extent.

The main feature distinguishing Tunnhovdfjord from other regulated
lakes examined is the occurrence of the former vegetation of trees and shrubs
in the damming-up zone.

The decisive rble of the microflora by the decomposition of cellulose has
been established (cf. Overgaard-Nielsen 3962). It is of interest that in the
bottoms of Tunnhovdfjord the larvae of many aquatic insects seem to be
able to exploit these sources in the form of wood, either by symbiosis with
microorganisms or by the intercalation of several links in the trophic chain.
Among aquatic organisms Gammarus pulex de Geer has previously been
observed to feed on cellulose in the form of paper (Heitkdtter 1963).

There are many factors suggesting that the insect fauna in the drowned
forest vegetation in Tunnhovdfjord is of importance for the fish fauna. The
remains of the woody vegetation still fixed in the ground occur in relatively
uniform distribution over great portions of the drainage zone and cover a
considerable percentage of the total area. The fauna consists of organisms
which normally form part of the main food of the fishes. The mobile larvae
are concentrated in the remains of the vegetation and some of them are also
spread over neighbouring bottoms. Their mobility, size and the type of aggre-
gation (cf. Iviev, 1961) enhance the availability of the larvae as prey and
the insects are also available during periods of emergence and oviposition.
The study of the large material of fishes collected in the lake since 1949 has
not been definitely concluded, but random samples chosen among the mate-
rial from recent years reveal stomachs of brown trout filled exclusively with
the bigger larvae of insects, e.g. Siphlonurus, Limnophilus and Phryganea
(Aass, personal communication). At present the char forms the main food
of the larger brown trout in Tunnhovdfjord (Aass 1961). It seems possible
that the availability of bigger insects in the bottom fauna of the lake con-
tributes to a faster growth of this fraction of the brown trout population and
facilitates the transition to feeding on fish.

During the first years of the regulation Dahi found in Tunnhovdfjord a
fauna which was very poor with the exception of the small crustaceans.
Particularly remarkable is the reduction in the case of the insects, the bigger
forms of which are altoghether absent in material from the bottoms and the
stomachs of fishes. The observations made by Huitfeldt-Kaas after ten
years of regulation provide an entirely different picture. The flourishing of
the small crustaceans has come to an end, and the insects, represented also
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by bigger forms such as ephemerids, trichopters and dytiscids, form a con-
siderable percentage of the material.

As a short-term effect immediate changes in the bottom fauna can be
expected after different kinds of interference, both after the drowning of
new areas and a lowering of the surface of the water. Nilsson (1963) reports
a temporary, but strong drop in abundance as an immediate result of the
regulation of Lake Ransaren. Such changes have also been proved in con-
nection with a widening of the amplitude of regulation in an old regulated
lake (Grimas 1962).

Changes in the specific balance within the fauna in the course of such a
phase in the regulation history of a lake might be correlated with mechanical
interference with the environment of the bottom fauna. New sediments are
exposed to erosion by the increased amplitude of the water, and a process of
redisposition, involving the transport of loose sediments to regions below the
draw down limit, is accentuated. Thus the first years of the regulation bring
about very unstable conditions in the sediment cover of the bottoms which
affect not only the regulated zone but also deeper regions that are overlain
by the eroded material.

The greatest sensitivity to these disturbances is probably found in those
bottom animals which dwell within the zone of contact between water and
sediment, e.g. a large part of the insect fauna. The small crustaceans that
are found close to the bottoms are on the other hand favoured, owing prob-
ably to the fact that more food in the form of small particles of detritus or
bacteria is made accessible.

The leaching-out of the zone of regulation brings about a stabilization of
conditions in the bottoms, and a fauna that is richer in species is re-estab-
lished. The environmental conditions for the fauna are, however, changed,
and the annually recurring extreme conditions of the winter influence the
specific composition of the fauna. Characteristic are the dominance of ortho-
cladiines and tanytarsines in the chironomid fauna of the regulated zone in
Tunnhovdfjord, and also the proportion of semi-terrestrial larvae in the
littoral of the lake.

In the course of the subsequent period of regulation the supply of organo-
genic material is of decisive influence upon the biomass of animals in the
bottoms. A slow deterioration of the conditions can be assumed, down to the
level where allochtonous material from the neighbourhood and products of
the plankton production of the lake become decisive.

Conditions in Lake Tunnhovdfjord show that material relatively difficult
of access can be utilized as a food basis by many organisms. In spite of the
long period of regulation, 45 years, considerable quantities of utilizable
material remain within the damming-up area in the shape of the original
forest vegetation which is capable of preserving in the lake organisms that
are important as fish food.
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5. Summary

1. The qualitative composition of the bottom fauna was studied in the
impounded subarctic Lakes Tunnhovdfjord, Paalsbufjord and Rédungen in
southern Norway. The investigation is supplemented by quantitative material
from Tunnhovdfjord.

2. Within the regulated zone, regions with a greater abundance, so-called
refuges, were shown to exist in Tunnhovdfjord. Their importance as feeding
grounds for fish is discussed.

3. The specific composition of the fauna in the lakes exhibits deviations
from the hitherto known picture of regulations.

4. In spite of a wide amplitude of the water-level fluctuation the occurrence
of the larger insect larvae is considerable in the Lakes Tunnhovdfjord and
Paalsbufjord. This is assumed to be due to the availability of organogenic
material in the shape of drowned forest vegetation in the damming-up zones
of the lakes. The wealth of the shore fauna in Lake Rédungen is attributed
to the slow rhythm of regulation in the lake in combination with the restricted
amplitude of the water.

5. The short- and long-term effects of the regulation upon the bottom
fauna are discussed.
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Internal tagging of salmon smolts Ill

Final report on taggings 1952—55 and comments on the smolt production
of a salmon river

By Arne Lindroth

I. Introduction

In the years 1952—55 close on 20,000 salmon smolts were tagged with
internal tags and liberated in the Swedish river Indalsédlven. The tagging
technique, method of recapture, and returns for 1954 have been reported
earlier (Lindroth 1953, 1955).

The introduction of an internal tag for Atlantic salmon smolt in the Baltic
was intended to serve a dual purpose: to test the commonly used external
tag developed by Cariin, and to aid in the estimation of the annual smolt
output from the Baltic salmon rivers. Later Swedish tagging results have
shown a strong influence of ecological factors upon tagging returns and, as
the internal tagging experiments were not carried out with the use of the
same stock of parr externally tagged as control, reliable comparisons are not
possible. In spite of this failure, it seems justifiable to give a final report on
the internal tagging experiments so far not repeated.

Il. Experiments and returns

Table 1 gives the tagging experiments and pertaining returns in the home
river by means of X-ray examination. The accidental returns made by com-
mercial fishermen are specified in Table 2.

I11. Discussion

It would be possible to discuss several details in salmon biology on hand
the tagging results. As, however, the material collected by the Salmon
Besearch Institute (formerly Migratory Fish Committee), comprising up to
the end of 1962 750,000 salmon smolts tagged, forms a far better basis for
future discussions, in the present connection mention will be made of only
a few questions contributing to the main discussion of smolt output.

Experiments 1953: 1 a and b were intended to study the loss in the turbines
of the Hoélle power station. Beturns from liberations above the power station,
1 a, proved in fact to be slightly higher. Turbine mortality may thus be
neglected for the purposes of the present discussion.
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Table 2. Accidental returns of internal tags.

Expt. Date Length cm Place
1952: 6a Jan. 1954 Baltic Sea (Gotland) in small salmon
Spring 1954 — Baltic Sea (Bight of Gdansk)
6b Jan. 1954 Baltic Sea (Gotland), in cod, external tag not
found
8a Sept. 1954 48 Lower part of river on rod
Sept. 1955 75 Sundsvall bav
Dec. 1956 100 Baltic Sea (off Haradsskar)
8b April 1953 10.5 River, 50 km fr. mouth, electrofishing
Aug. 1954 —_ Sundsvall bay, bag net
1952:10 June 1953 — Lower part of river, angle
1953: la Dec. 1953 35 Baltic Sea (Gotland), hook
Aug. 1954 (1.3 kg) Sundsvall bav
Sept. 1954 45 River Ume alv, 300 km to the north
Dec. 1954 — Baltic Sea (off county of S6dermanland)
1b July 1954 70 North of Sundsvall bay
Aug. 1954 (1-2 kg) Sundsvall bay
July 1956 — Sundsvall bay, bag net
lc Okt. 1954 — Off county of Stockholm
July 1955 (4.4 kg) Sundsvall bay
1d July 1954 52 Sundsvall bay
1954: 4 July 1954 — Lower part of river, 7 ind. in smolt trap
July 1954 River, 20 km from mouth, in stomach of

merganser duckling

The recaptures were made in the fishing installations of Bergeforsen’s
power station 10 km from the river mouth, either in the gallery and trap
over the tail-race tunnels of the station, or at a seine-net site 600 m down-
stream. We have now some indications that planted smolts have no urge to
ascend their home river beyond the point of liberation. Planting in the river
mouth may be suspected of giving inferior returns. The present material
might corroborate this hypothesis. Experiment 1953: 1 contains groups of
the same origin liberated at different places along the river. If groups a—c,
liberated about 80 km upstream, are combined and compared with group d,
liberated at the seine-net site, there is a difference in the percentage return,
1.11 as against 0.72. It seems wise to discard the groups where liberations
have been made in the lower reaches.

The time of liberation is important (according to tagging results by the
Salmon Research Institute). Mid-May to mid-June seems to give the best
returns and appears to correspond to the period of natural smolt migration
to the sea in this river.

The considerations stated above lead to the elimination of some of the
experiments. The following remain to be discussed.

1952:8 a and b. Hatchery, 2-summer-old parr from troughs, mean length
11.9 cm. Liberated Sept. 22 and Oct. 7 on rearing grounds in the river
50 and 65 km from the estuary. The parr must have wintered in the
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river and migrated to the sea with the wild smolt. They may have
grown in the autumn after planting and probably in the spring also and
have suffered an unknown winter loss in the river before migrating to
the sea in the spring or early summer. Compared with hatchery smolt
liberated in the spring, the return figures for these lots are too small
on account of the winter loss and could be too large to the extent that
wild smolts are superior to hatchery parr.

1952: 10. Hatchery 2-summer parr reared without artificial feeding in drain-
able lake during the second summer, mean length 14.8 cm. Liberated
Oct. 10—13 on rearing ground 25 km from the estuary. The tag used
was of poor quality (see Lindrotn 1955) and is likely to have killed
some fish; in half of the returning 20 grilse the tag was recovered from
the swimbladder, this position not being encountered in any of the 9
older fish. The errors in the return figures are the same as for the lots
1952:8; moreover, the mean fish size in this lot was probably above
average at sea migration, tending to give better survival.

1953: 1 a—=c. These 3 lots consisted of hatchery 2-year parr, 13.4 cm mean
length, of ordinary hatchery quality and liberated May 8—19 in the
river 79—80 km upstream from estuary. This planting diverges from
the recent smolt planting technique inasmuch as the fish were somewhat
smaller.

To sum up, of the 13,707 fish liberated in the experiments considered,
8,107 (i.e. 1953: 1) are regarded as representative of — or at least not better
than — smolts now liberated on a large scale. The remaining 5,600 fish have
been planted under differing conditions. There is, however, in all no clear
reason to regard them as superior to the other fish, and as the errors in
representativity are difficult to evaluate no correction has been attempted.

Overall return percentages are as follows:

Returns at the sea age

Expt No.
11+ 12 '3 v 4 combined 1
1952: 8 3,350 0.65 0.42 0.27 1.34+0.39
0 .... 2,250 0.89 0.22 0.18 — 1.29+0.47
1953: 1 .... 8,107 0.56 0.26 0.28 0.01 1.11 +0.23
combined . 13,707 6.63 0.29 0.26 0.01 1.20 £0.18

95 «/o confidence interval.

The confidence of the return figures is not all to bad.

For the computation of smolt output the percentage return has to be
applied to some catch figure. The total catch of the river is composed of the
catches of the power company, mentioned above, and commercial gear. The
catching effort has varied through the years in question, 1954—57, and the
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catch statistics are not beyond doubt. Furthermore, a computation by means
of total river catch would imply adjustment of tag returns to a higher catch
level, and, as grilse are not caught or not always recorded as salmon in the
commercial fishery, would mean ignoring the recovered grilse.

If total catch provides no appropriate reference figures, the experimental
catch. X-ray examined for tags, is known. In 1954 1,570 grilse were examined
and in 1955 890 small salmon of 2 years sea age. The numbers are not exact,
as the aging has been performed on hand length-frequency curves. They
could be used for the two younger age groups, however, but not for older
fish. It is doubtful whether scale reading of some thousands of fish would
have given more reliable figures. (See Addendum.)

Combining the experiments (and leaving aside 3 fish recovered 1955 which
seem to have stayed in the river for an extra year after planting and migrated
in 1954) we arrive at the following computation for the smolt year 1953:

Catch vear Planted tagged Percentage - Total smolt
y smolt recovered ! No. examined output
1954 13,707 0.63+0.13 1,570 250,000
1955 . 13,707 0.27 +0.09 890 330,000
combined 13.707 0.90 +0.16 2,460 270.000
combined excl. expt.
1952:10 v 11,457 0.87 £0.17 2,460 280.000

1 95 %> confidence interval.

The results indicate that the smolt output from the Indalsdlven in 1953
had a magnitude of roughly 300,000. This statement postulates that the
smolts used were representative of migrating smolts as to quality, migrating
time, and so on. Certainly differences exist; on average they favour the wild
smolt, and it would be wise to emphasize that the number given above is
expressed in terms of hatchery smolts of the quality produced in Swedish
hatcheries as far back as 1952—53.

A few tests of the results are possible.

a. The smolt output in 1953, say 280,000 (see above) comprised a lot of
about 50,000 hatchery smolts. The number of wild smolts would then be
about 230,000 produced on the nursery grounds of that part of the river still
accessible to the running stock. A survey of the river was made by Berg
The gross area of nursery grounds is of the order of 7 sq. km (comprising
also a certain amount of less productive areas). This would mean an average
smolt production of at least 0.3 per 10 sg. m in this comparatively infertile
stream. Now, Canadian investigations indicate smolt production figures of
0.3 to 0.7 smolts per 10 sqg. m, varying with fertility and predation (Eison
1957; cf. Meister 1962), and unpublished Swedish experiments in a produc-
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tive small river in the south of Sweden give figures for the autumn popula-
tion of large parr of about 0.3 per 10 sq. m on average (Salmon Research
Institute). On hand these comparison there seems to be reason to regard the
smolt estimate for Indalséalven as fairly good or probably too high if expressed
as wild smolts.

b. Total smolt recruitment to the Baltic has been estimated by Kandiek
(1958) from the percentage return of tagged (hatchery) salmon in the Ger-
man catches to be of the order of 5 million annually in the years 1955 and
1956 expressed, consequently, in terms of hatchery fish. It is thought that the
Swedish rivers contribute something between two thirds and three quarters
to the Baltic stock (cf. Alm 1954) and the river Indalsalven roughly 7—8 %
of this Swedish share. This would imply a smolt contribution from Indals-
alven of 230,000—300,000, a highly conjectural figure, it must be admitted,
but in surprisingly good agreement with the results of the internal tagging
experiments.

¢. The salmon conservation programme for the Indalsdlven provides for
an annual planting of 320,000 smolt, intended not only to maintain the stock
of recent years but to take care also of that part of the original stock subject
to damage by earlier power developments in the upper reaches of the salmon
section of the river.

The programme has been put into operation gradually, as is evident from
the diagram, Fig. 1, which demonstrates also the catch development in some
Swedish rivers on hand the official statistical records. A direct comparison
is greatly complicated by, inter alia, the tacts (1) that the catch statistics
are very dubious and are not uniform for the few undamaged rivers still
available as standards and (2) that the exploitation in the Indalsidlven may
have changed from the original rate I with much gear commercially operated
to the present situation where only a few of these are left in the lowest 10 km
but they are operating on a concentration of fish. At any rate, there has been
an improvement for the Indalsalven catch weight in recent years as the
apparent result of the shift from natural recruitment of wild smolts to the
systematic planting of hatchery fish. This indicates that the smolt estimate
is on the conservative side and is liable to reconsideration in the near future.

The final evaluation of the recruitment capacity of our rivers to be main-
tained artificially is, however, greatly complicated by several facts that can-
not be discussed in detail in the present connection: the nature of the long-
term fluctuations in the Baltic salmon stock is not understood and it is not
even possible to decide with certainty whether they are to be connected with
the stage before or the stage after the smolt part of the life-cycle, if the
stock fluctuations reflect fluctuating smolt recruitment to the sea — in any
case not likely — the position of our standard year 1953 is of importance m

1 About 60 %> of the running fish, see Carlin 1949, Lindroth 1951.
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pc. ft. Salmon catch

— Indalséalven
........ Torne aft/
........ Kalix, &ft/
......... Lule é&h>

mill.  B. Inda/séluen
smo/ts planled

lig. 1. A. Salmon river catch 1954 62 in Indalsdlven and three other rivers expressed
as percentage of the mean catch 1916—24, 1932—53 (tons). B. Planting of hatchery smolt-
sized parr in Indalsdlven in spring 1954—62 (millions).

estimating average conditions; the value of the hatchery fish as compared
with the wild smolts from undamaged rivers remains to be studied,2 and so
on. In the prevailing situation it would be premature to enter into a con-
cluding discussion.

Summary

1. The final results of the internal tagging experiments of 1952—55 are
reported. They indicate a natural smolt recruitment to the Baltic from
the Indalsédlven river in the year 1953 of about 230,000 in terms of hat-
chery smolt-sized parr.

2 Such studies have been in progress since 1960.
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2. The result is tested against (a) known figures of smolt production per unit
area, (b) estimated total Baltic smolt production, and (c) the effect on the
Indalsdlven salmon catch now artificially maintained on the basis of the
smolt figure arrived at. The agreement is in all cases reasonable.
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Addendum.

According to H. Peterson (personal communication), studying tagging
returns and scales in grilse-sized fish at Bergeforsen, true grilse, when sur-
viving, may return to the river after one year and still at grilse size. This
could have given a somewhat to high figure for grilse examined 1954 of the
smolt year-class 1953 (see table p. 109) in which case the smolt figure would
be correspondingly to high.
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Introduction

The effects of regulations | on the biological conditions of Scandinavian
lakes have been the object of many investigations. Most often it is the changes
in the fish populations and the bottom fauna that have been studied. Attention
has seldom been paid, however, to the problems of the plankton fauna. The
present study is intended to fill this gap and to give an idea of the effects
that a regulation may have on the zooplankton.

During the summer of 1957 plankton samples were collected in six regu-
lated and seven unregulated lakes in northern Sweden. The sampling took
place once a month during the period June—September. In some of the lakes,
however, samples were taken only three times.

Only the plankton organisms of great importance as fish food, the crusta-
ceans, have been subjected to analysis.

1 The term “regulation” in this paper, as in other Scandinavian literature, is used in the
meaning of “artificial control of the water-level”.
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As comparatively little is known about the plankton fauna of North-
Swedish lakes, the structure of the plankton community has been studied,
as well as the vertical distribution and the diurnal migration of some crusta-
cean species. In order to understand possible differences between the lakes,
the annual cycle of the different species of plankton must be known. In spite
of the absence of winter samples, attempts have been made at establishing
the annual cycle of some of the most abundant copepods and cladocerans.

There are, however, many problems connected with the biology and eco-
logy of the crustaceans in question, problems which cannot be solved through
field observations alone. Future laboratory experiments might provide com-
plementary information of great interest.

I. Data about the lakes

The geographical situation of the thirteen lakes examined is seen in fig. 1.
The lakes Ottsjon, Torrén, Stora Mjolkvattnet, Rengen, Kvarnbergsvattnet,
Storsjouten and Borgasjon are situated in the county of Jamtland, whereas
the lakes Vojmsjon, Storuman, Storjuktan, Fjosokken, Ovre Bjorkvattnet
and Overuman lie in the county of Vésterbotten. The depths of the lakes are
illustrated by figures and the sampling stations, marked with an arrow, can
also be seen (Fig. 2—05).

In table 1, details about the lakes are given regarding altitude, area, maxi-
mal depth, mean depth, volume, as well as data of the six regulated lakes.
Water level and discharge of the regulated lakes during the period May—
October are seen in figure 16.

All the lakes may be classified as oligotrophic.

The temperature, measured on each sampling occasion, has been stated
in the diagrams of the vertical distribution of the planktons (Fig. 32—44).

In mid summer, most of the lakes are thermally stratified. Data regarding
ice-formation and the break-up of the ice are given in table 2, where it can
be seen that in 1957 the break-up of the ice was late.

The air temperature in June was somewhat below the normal. At Oster-
sund the mean temperature was +9.0°C (+11.3) and at Tarnaby +6.5°C
(+8.7). The corresponding values for July were +14.5°C (+ 14.2) and
+ 13.9°C (+ 12.4) respectively. With the exception of August the summer
was rainier than usual.

It should be pointed out that the lakes concerned are situated so far north
that the sun does not set until 10 p.m. on June 24th, at about 8.50 p.m. at
the beginning of August and at about 7 p.m. at the end of August.
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LUt-EH

Fig. 1. The geographical situation of the thirteen lakes.
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STORJUKTAN

FJOSOKKEN

OVERUMAN

Fig. 2.

Fig. 2__ 5. Hydrographie maps of the lakes examined. Depths are indicated in metres and
the sampling station is indicated by the sign <—



PLANCTONIC CRUSTACEA IN NORTHERN SWEDEN 117
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KVARNBERGSVATTNET

BORGASJON STORSJOUTEN

Fig- 3.
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VOJMSJION

STORUMAN

BIORKVATTNET

Fig. 4.
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Fig. 5.
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Table 2. Dates for the breaking up of the ice and the formation of a new ice-cover according to SMHI and a list of the

exploited fish populations common in the lakes examined according to The Institute of Freshwater Research, Drott-

ningholm (The names of the most common species are printed in italics).
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I1. Methods

it is a well-known fact that most plankton crustaceans make diurnal migra-
tions, which may be more or less marked and which manifest themselves in
an uneven vertical distribution of the animals. For a long time it was sup-
posed that the horizontal distribution was uniform. In recent years, however,
several authors (Ragotzkie-Bryzon 1953, Tonolli 1956, Colebrook 1960)
have been of opinion that the zooplankters may occur in patches, a fact which
has been ascribed to different factors. These circumstances must be taken
into account when collecting plankton samples.

The samples from the thirteen lakes have all been taken at night by hori-
zontal hauls at one station in each lake.

The plankton was taken by means of the Clarke-Bumpus closing-type
plankton sampler (Clarke-Bumpus 1940, Welch 1948). Before the field-
work was begun, the instrument with its propeller-counter mechanism was
calibrated in terms of the number of litres of water filtered per propeller
revolution. The result was 5.35 1/revolution. The meshes of the plankton net
were of the size 0.158 mm. With finer meshes there is a risk of the net
clogging and preventing the sampler from functioning satisfactorily. The
mesh size given will, however, let a number of rotifers pass through the
filter. For this reason the rotifers have not been taken into consideration.

In each lake the sampling took place at one and the same station, generally
at the middle of the lake and in a depth basin showing a fairly constant
depth for some 400 metres, thus enabling horizontal hauls.

The sampling was carried out from a rowing boat provided with a small
outboard motor. The work was begun at 10 p.m. and terminated by 1 a.m.
at the latest. Horizontal hauls were made at the following levels: 2, 5, 10,
15, 20, 30, 40 metres and so on. In order to avoid damaging the sampler
against objects at the bottom of the lakes, the vertical series were all inter-
rupted at a height of about 10 metres from the bottom. This means that the
plankters occupying the layers close to the bottom have been omitted. Owing
to the diurnal migration of the crustaceans, this layer will, however, contain
few individuals during the night the source of error will be less significant
when the samples are taken at night than would be the case if they were
taken by day. Night samples are preferable for yet another reason. Results
show that larger plankton forms, which can see the sampler in daylight, are
less numerous in samples taken by day than in samples taken in the same
profile at night (Southern and Gardiner 1926, Ricker 1937).

To have the sampler operating at the depth required, a table had been
drawn up in advance, indicating the necessary length of wire for each level,
calculated at a fixed angle between the wire and the vertical plane. This
angle was permanently checked during the towing period. Even if the sampler
were not moving exactly at the intended level, the results from the different
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depths and the different lakes would still be comparable, as for each level the
length of wire was the same in all the lakes.

With a few variations the average water volume represented by a sample
is about 2 m3. The animals have been preserved in 4 %' formaldehyde. In
connection with the sampling the temperature was taken at each station by
a Ruttner water sampler with built-in thermometer.

It will be evident from what has been said that each sample would contain
such a great number of animals that it would hardly be possible to count
them all. The samples were therefore fractioned by a whirling apparatus
— of the type described by Kottt (1953) — which on repeated testing occa-
sions has proved to work satisfactorily. Vio of each sample has been counted.

The material comprises about 450 samples distributed over 48 vertical
series.

Counting and identification were done in a small plastic chamber using
a dissecting microscope. It was considered that a simple division into species
would be insufficient for the adequate treatment of the material, and a sub-
division into different stages of development has therefore been made in
order to show the seasonal cycle of the various species during the summer
months. The nauplii have been divided into Centropagidae and Cyclopidae.
There has been no division into nauplii and metanauplii. The subdivisions of
the copepodids are young (stage I—IIl) and old (stage IV—V) individuals
and those of the adult copepods are males, females and egg-carrying females
(Cyclops, Diaptomus). As regards Daphnia si division has been made into
egg-carrying and not egg-carrying females, males and juveniles. As concerns
Bosmina only egg-carrying and not egg-carrying females and males have
been taken into consideration, owing to the difficulty of distinguishing juve-
niles and adults. Holopedium has only been divided into egg-carrying and
not egg-carrying individuals. The remaining cladocerans have only been
identified as to species.

The results are shown in tables and diagrams. The diagrams that show the
vertical distribution (Fig. 32—44, individuals/m3) have been drawn up in
the way usual in works on plankton, that is by reproducing the distribution
by means of the third root of values. There have been some difficulties in
expressing the density of the standing crop of zooplankton as it has not been
possible to take samples at every metre between the surface and the bottom
of the lake. The number of individuals that there are under a certain unity
of the surface has been calculated by interpolating between the levels at
which samples have been taken. This method is a little uncertain but repre-
sents the only way to work. The diagrams show the number of individuals/
dm?2 (Fig. 8—15, 17—18). The composition of the zooplankton community
has been illustrated by circle diagrams where the sizes of the surfaces are in
proportion to the percentages of the copepods and the cladocerans (Fig.
19—31).
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I1l. The composition of the crustacean fauna

As mentioned earlier the present study concerns only the crustaceans.
There have been found, in all, 11 species of Copepoda and 11 species and
subspecies of Cladocera.l Chydorids have not been taken into account and
as a rule they have not been identified as to species. They have only been
found in very small numbers. The distribution of the different species in the
lakes examined is shown in table 3.

Copepoda

Of cyclopoids four species have been found. Cyclops scutifer Sars is very
numerous in many of the lakes investigated. A few specimens of Mesocyclops
obsoletus Koch and M. oithonoides Sars have been found in Storjuktan and
Storuman. Pachycyclops annulicornis Koch has occurred in samples from
four lakes.

The genus Diaptomus is represented by Diaptomus dentic.ornis Wierzeiski,
D. graciloides Linnjerorg, D. laciniatus Littjerorg and D. laticeps Sars.
From table 4 it is seen that D. graciloides and D. laticeps act as vicarious
species. These species are totally absent only in the samples from Borgasjtn
where, instead, D. denticornis and D. laciniatus are found in small numbers.
In his papers on Kultsjon and Ransaren Axelson (1957, 1961 a) has pointed
out that two lakes which are close to each other in the same water system
present two different species of Diaptomus (D. graciloides and D. laticeps).
This is the case with some lakes in the water system of the river Ume alv.
Only D. laticeps has been found in Overuman, where it is, however, abun-
dant. In Ovre Bjorkvattnet, which lies below Overuman in the same water
system, there are both D. graciloides and D. laticeps, the latter, however, in
small numbers. Some samples from Gardsjén, which lies still further down,
have shown that while D. graciloides is the dominating species D. laticeps is
also found. In Storuman, however, the genus seems to be represented only by
D. graciloides.

According to Ekman (1904) D. graciloides is an immigrant from the south
which has followed the ice as it receded after the last ice-age. D. laticeps, on
the other hand, is considered to have come from the east (Rytov 1935,
Thienemann 1950). One might then expect 1), graciloides, which was prob-
ably the first of the two species to invade the area in question, to have spread
as far as to Overuman and D. laticeps to be more common further down in
the water system. The results, however, show a completely contrary distribu-

1 In order to avoid confusion and as no modern revision of the taxonomy of the genus
Daphnia has been undertaken as regards European Daphnia, the nomenclature according
to Rylov (1935) has been used. Several of the subspecies mentioned by Rylov are in fact
species and are treated as such in this paper.
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tion. It is possible that D. graciloides has existed in 6veruman after the ice-
age, in which case D. laticeps has proved to be the stronger species of
the two.

Ekman (1922) has drawn up a table showing the sensitivity to temperature
of some pelagic copepods and cladocerans. It indicates that 1), laticeps is
bound to lakes with cold water, whereas D. graciloides appears also in lakes
with warm water. One might then think that D. graciloides could not com-
pete with D. laticeps in lakes with low water temperatures. This assumption
is to some extent supported by the results achieved. No specimens of D. gra-
ciloides have occurred in the lakes where D. laticeps is abundant, while
D. laticeps is found in small humbers in lakes where D. graciloides dominates.
This presence is probably accounted for by D. laticeps being brought to the
lakes by the inflow from a neighbouring lake where the species is found in
great abundance.

The distribution of the three species of the genus Heterocope is similar.
Heterocope appendiculata Sars has not occurred in any of the mountain
lakes and according to Ekman it is an eurylhenna! species, while the two
others H. borealis Fischer and H. saliens Lilljerorg are typical cold steno-
thermal species. H. saliens has been found in all the mountain lakes except
Overuman, where H. borealis takes its place. Comparisons show that the
three lakes Overuman — Ovre Bjorkvattnet — Storuman which, as men-
tioned, are in the same water system contain respectively H. borealis
H. saliens — H. appendiculata.

The cold stenothermal species D. laticeps and H. saliens (or H. borealis)
always occur together in the plankton community. Ovre Bjérkvattnet and
Rengen containing D. graciloides, D. laticeps and H. saliens form a transition
to the lakes containing D. graciloides and H. appendiculata. Ekman (1904,
1922) includes also D. denticornis and D. laciniatus in the category of cold
stenothermal animals and the results achieved show, in fact, that these spe-
cies only occur in lakes with other cold stenothermal species (Table 4).

Cladocera

The Daphnia genus is represented by Daphnia cristata subsp. cristata
Sars, D. cristata subsp. tongiremis Sars, D. longispina subsp. hgalina Leydig
and D. longispina subsp. longispina O. F. Muller.

According to Rylov (1935) D. cristata cristata is an eurythermal form
found in Northern and Central Europe. It has been found in great numbers
in four lakes and sporadically in one lake. D. cristata tongiremis has occurred
in very small numbers in four lakes. It is generally described as being a
pronouncedly cold stenothermal animal. D. longispina hgalina is found in
most lakes (eight) and most often farily abundantly. It is not so steno-
thermal as D. cristata tongiremis (Ekman 1922). In the lake where it has
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been found, D. longispina longispina has been represented by var. cavifrons
Sars.

Bosmina coregoni Baird (according to the classification of Bosmina by
Burckhard, 1941) is very common in all the lakes. It occurs together with
Holopedium gibberum Zadd. These two species together with Daphnia
generally form the main part of the cladocerans of the plankton community.

The remaining cladocerans, Sida crystallina O. F. Muller, Polyphemus
pediculus Linné, Bythotrephes longimanus Leydig and Leptodora Kindtii
Focke only occur in small numbers.

The cladocerans show a distribution that is in many respects similar to
that of the copepods. Daphnia longispina hyalina is common in all the moun-
tain lakes except Stora Mjolkvattnet where Daphnia is quite missing, while
D. cristata cristata has only been found in the lakes situated further down in
the water systems. In most of the lakes there were small quantities of Poly-
phemus pediculus and Leptodora Kindtii. The distribution of the cladocerans
is illustrated in table 4.

It can thus be established that the lakes investigated can be divided into
two groups as far as the composition of the crustaceans is concerned. One
group comprises lakes containing the cold stenothermal species Diaptomus
laticeps, Heterocope saliens (or H. borealis), Daphnia longispina hyalina,
while the other group has an eurythermal plankton fauna with Diaptomus
graciloides, Heterocope appendiculata, Daphnia cristata cristata. Common to
the two groups are Cyclops scutifer, Bosmina coregoni and Holopedium gib-
berum.

Loffler (1953) has found that in the upper part of the water system of
the river Faxéalven there are cold stenothermal animals, while further down
there are eurythermal species. It might then be concluded that the present
distribution is due only to the temperature tolerance of the species. In his
account of the species composition prevailing in some water systems in the
north of Sweden, Ekman (1922) has stated that this is not the case. The
temperature factor must not be disregarded but the geographical distribution
of the species is undoubtedly regulated by a number of factors. A more
thorough knowledge of the biology of every species and of the composition
of the plankton fauna in different North-Swedish lakes is required before
the causes of the somewhat irregular distribution displayed by many plank-
ton crustaceans can be satisfactorily explained.

IV. The structure of the plankton community

In a previous chapter an account was given of the different species found
in the lakes. In this chapter two questions will be treated, both of which
concern the composition of the plankton community; namely, the number
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of species occurring together in a plankton community and the relations
of dominance between the species. Very little attention has been given to
these problems. Pennak (1957) has discussed them in a paper where he com-
pares his results from 27 lakes in Colorado with data from 42 other lakes,
most of which are situated outside the United States. Since Pennak has
stated that there are certain differences between the two groups of lakes
regarding the composition of the plankton community, it might be of interest
to compare the results from the thirteen lakes in northern Sweden.

What in this case gives perhaps special interest to a close examination of
the composition of species is the question of the influence of the regulation
on zooplankton. It is well known that a change in environment is reflected
by the composition of a plant or animal community. To find out what
species are affected by the regulation of a lake, it would be of importance
not only to calculate the number of individuals but also to compare the
plankton communities of the lakes.

The number of crustacean species making up the
plankton community

It must be borne in mind that the following is an account of the momentary
composition of the plankton community, such as it appears in one vertical
series of samples at any one time.

As seen in table 5 three species of Copepoda have been found in most of
the vertical series. They were Cyclops scutifer, one Diciptomus and one Hete-
rocope species. In the series containing two copepods, Cyclops scutifer was
always present together with one diaptomid; there were never two diapto-
mids. When there were four or five species of Copepoda, one or two cyclo-
poids were together with two diaptomids and one species of Heterocope. Two
species of Heterocope were never present in the same lake.

As regards Cladocera the number of species present at any one time was
four or five. In most cases one or two species of Daphnia occurred together
with Bosmina coregoni and Holopedium gibberum, often associated also with
one or more of the following cladocerans: Polyphemus pediculus, Bytho-

Table 5. Number of species present at any one of the 48 samplings
during June—September.

Number of species present
at any one lime Total number
of species
1A =2BAa566 738 M

CopepPoda ... — 9 22 16 1 — — — 32 11
Cladocera ... — 1 4 16 15 7 3 2 48 11

9
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Table 6. Mean number of species making up the zooplankton community
momentarily present in the lakes. Comparison with Pennak (1957).

| Copepoda Cladocera

27 lakes in Colorado ... 13 1.6
42 lakes mostly located outside U.S.A......... 2.7 2.8
13 lakes in northern Sweden .... 3.2 4.8

trephes longimanus, Leptodora Kindtii. Sida crystallina and Ceriodaphnia
quadrangula also occurred but only in a few samples. The series containing
two species, Bosmina coregoni and Holopedium gibberum, is from Stora
Mjolkvattnet, where Daphnia is absent.

The zooplankton community is thus made up of a small number of
crustacean species. During June—September the mean number for Copepoda
is 3.2 species and for Cladocera 4.8 species. According to Pennak the mean
numbers do not vary markedly during the course of the year. It would thus
be possible to compare the results from the lakes in northern Sweden with
the results arrived at by Pennak (1957).

The series of samples taken from the lakes of northern Sweden contain
more species of Copepoda as well as of Cladocera than the lakes described
by Pennak (Table 6). The Colorado lakes show the lowest mean numbers
and, according to Pennak, this is owing to the small size of the lakes. Large
and deep lakes contained more copepod species while there was no significant
difference in number of species between oligotrophic and eutrophic lakes.
Nor could Pennak find that differences in latitude or altitude were of any
importance. Tropical, temperate and subarctic lakes were all strikingly
similar.

Most of the lakes in northern Sweden are large as well as deep, which may
to some extent explain the higher mean number of species in these lakes,
especially as regards the copepods. To some extent the differences also reflect
the methods of sampling. Numerically the plankton community is, as a rule,
dominated by two species (see below), a copepod and a cladoceran. There is
reason to believe that other species, which are not so common, are missing
in samples taken by an instrument that filtrates only a small quantity of
water. The short summers of northern Sweden must also be taken into
account as they bring about a concentration of the development of the dif-
ferent species within a considerably shorter period than what is normal
further south. There is thus greater possibility, in these lakes, of finding
several copepod species at one time. As most species develop resting eggs
during the autumn and winter, the possibilities of spreading are also greater
in northern areas.

In this connection the occurrence of two diaptomids in the same lake
should be mentioned. It has often been stated that the occurrence of two
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species so closely related is rare, as there would be competition between them
for food. Out of the thirteen lakes examined, six have been found to have
two Diaptomus species and one lake three species. D. graciloides and D. lati-
ceps are the species that have most often been found together and the former
species has always been numerically dominating. As D. laticeps is somewhat
bigger and more robust than D. graciloides there is probably no competition
for food between them (Hutchinson 1951, Fryer 1954). The two diaptomids
existed together only in lakes which are not extreme mountain lakes and in
an earlier chapter it was considered that D. laticeps was probably brought
there by the inflow from lakes situated in the upper part of the water system.

Diaptomus denticornis and D. laciniatus have always been found in lakes
with D. laticeps except in Borgasjon, where neither D. laticeps nor D. graci-
loides have been found. Both species are cold stenothermal according to
Ekman (1904). They have never been found in great numbers perhaps
because they reach their maximal development only later in the year. The
first individuals of both species have appeared in the middle of August,
when Diaptomus laticeps decreases in number.

Species dominance

When quantitative plankton samples are analyzed, it is generally observed
that one species of Copepoda and one cladoceran are very abundant and
numerically dominant over the other species of Copepoda and Cladocera.
Moreover, throughout the year, there are great variations in the samples in
the respective percentage of copepods and cladocerans. The development of
the different species is cyclic and the species that is dominant on one occa-
sion is represented a short time before or after by only a few individuals.
The samples of one vertical series show that the dominant species seldom
accounts for less than 50 % of all the copepods or all the cladocerans.

The composition of the zooplankton community in the lakes during June__
September is illustrated by diagrams (Fig. 19—31).

It is not only variations in the course of development of the plankton
species that bring about the changes in the zooplankton community. Account
must also be taken of the natural changes that take place in a lake during
the summer (e.g. temperature and phytoplankton). The probable reason why
during a particular period certain species dominate is presumably that they
have genetic, morphological, physiological or ecological features which enable
them to utilize their habitat more efficiently than other species during the
same period (Pennak 1957).

If the thirteen lakes are compared as to the percentage composition of
the plankton community some common features are found in spite of cer-
tain differences between the lakes. In June there is a very high percentage
of copepods in the samples. The cladocerans are, as a rule, abundant in July
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and August but even in September they may represent a high percentage in
some lakes. In most lakes the copepods dominate on average over the clado-
cerans during the four summer months. If all the lakes are considered the
mean figures are: Copepoda 72 %> and Cladocera 28 %. For the regulated
lakes only, the corresponding figures are 78 % and 21 % respectively, the
percentage of cladocerans being thus lower. A close examination of the
diagrams indicate that only in Stora Mjoélkvattnet and Storsjouten is the
percentage of cladocerans comparable with the values of many of the uniegu-
lated lakes. In the other regulated lakes the contribution to the plankton
community of copepods, especially Cyclops scutifer, is striking. The effect
of the regulations of lakes on the plankton crustaceans will be considered in
a following chapter.

A calculation of the relations between the two main groups of Copepoda
gives the following mean figures valid for all the lakes: Centropagidae (Diap-
tomus and Heterocope) 39 % and Cyclopidae 61 %>.

In regard to the composition of the copepod fauna there are certain dif-
ferences between the lakes owing to differences in the annual cycle of the
species (see a following chapter) which give rise to divergencies in the com-
position of the copepod populations.

From the diagrams, however, it is evident that the copepod fauna is gener-
ally dominated by one species, often Cyclops scutifer.

Owing to the difficulties in identifying the species of nauplii and cope-
podids, the copepods have been divided into two groups: Centropagidae and
Cyclopidae, while every species of Cladocera has been represented in the
diagrams illustrating the percentage composition of the plankton community.
As is seen from the diagrams the main portion of Cladocera consists in all
lakes of Bosmina coregoni. Often it entirely dominates the other species,
such as Daphnia c. cristata, Daphnia longispina hyalina and Holopedium
gibberum.

In the majority of samples the most abundant species has accounted for
more than 50 °/o of all the cladocerans. The mean figure for all the lakes is
66 %. The second most abundant species accounts for 26 %> on an average
and for all other species present the mean figure is 8 % (Table 7).

Table 7. Percentage composition of Cladocera. Comparison with
Pennak (1957).

Second

Most All other
most -
abund_ant abundant [S)E:géist
species species
27 lakes in Colorado ... 84.7 12.8 2.5
22 lakes mostly located outside U.S.A. 72.9 21.3 5.8

13 lakes in northern Sweden 66.0 (68.0) 26.0(26.4) 8.0 (5.6)
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The percentage composition of cladocerans in the North-Swedish lakes
corresponds fairly well with Pennak’s findings (1957). Two species only
account for more than 90 °/o of all the cladocerans of a vertical series. The
data within parentheses referring to the unregulated lakes differ slightly
from the mean figures of all the lakes. Pennak assumes the relations to be
78 % — 17 % — 5 % for a typical lake. The percentage of the dominating
species is somewhat lower (66 %) in the thirteen Swedish lakes, while the
percentage of the next numerous species is higher (26 %).

It must, however, be borne in mind that the values for the thirteen lakes
are based on samples taken during the summer months only when one may
expect to find the greatest number of species and when there are likely to be
quick changes in the composition of the plankton community. Samplings
may therefore have taken place during periods when a dominating species
is being replaced by another, both species thus being abundant in the samples.

The results show clearly, however, the relations of dominance prevailing
among the species of a cladoceran population. The relations between the
most numerous species and the next most numerous vary from lake to lake,
but together they account for more than 90 % of all the individuals. As men-
tioned, the same conditions are true of the copepods.

V. The vertical distribution

The vertical distribution of crustaceans is intimately connected with their
diurnal migration. It has long been known that during the night the crusta-
ceans are found mainly close to the surface while in daytime they spread to
deeper layers. The migration of different species has been studied by many
biologists who have given various explanations of the phenomenon. Surveys
of results achieved have been published by Cushing (1951) and Bainrridge
(1961).

Observations on the diurnal migrations of some pelagic
crustacean species

As very little is known about the vertical migration of some of the species
dealt with in this paper, an investigation has been carried out in Locknesjon,
a lake 20 kilometres south of Ostersund in the county of Jamtland. The
species obtained in quantities large enough to show the vertical distribution
at different hours were Diaptomus graciloides, Daphnia cristata cristata, and
Bosmina coregoni, Cyclops only occurred as nauplii, which in all the series
were most numerous in the samples taken between 20 and 23 metres deep.
Samples were taken on August 30th and 31st, at 11 a.m., 3 p.m., 7 p.m., 11 p.m.
and 6 a.m. Sunset was then at about 7 p.m. and sunrise at about 4.30 a.m.
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Fig. 6. Vertical distribution of Diaptomus graciloides in Locknesjon on August 30th and
31st, 1961. (Individual/5.3 1)

The weather was calm and there were no clouds. In order to faciliate the
counting of all the animals in the samples a sampler with a capacity of 5.3
litres (see Lindstroém, 1952) was used.

During the first series of samples the water temperature was measured.
As the temperature curve shows, fig. 6, the water of the lake is mostly homo-
therm. Only a layer at the bottom has a temperature considerably lower than
the rest of the lake. A check made a few days later and at smaller intervals
showed that it is a layer only a few decimetres deep at the bottom.

The vertical distribution as it was found at the different hours is shown
in fig. 6 and 7.

As seen from the diagrams the vertical distribution of the three species
shows almost the same pattern. During the afternoon there is an ascent
towards the surface, which results in a great concentration of animals in the
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Fig. 7. Vertical distribution of Daphnia cristata c.ristata and Bosmina coregoni in Lockne-
sjon on August 30th and 31st, 1961. (Individuals/5.3 1)

uppermost water layers at night. The concentration in these layers seems,
however, to be of short duration for before midnight a descent towards
deeper water layers has already begun. As the animals are found in large
quantities between two and five metres deep at 6 a.m., they may be assumed
to have moved upwards again at daybreak. At the same time, however, large
numbers are also found close to the bottom. Samples taken at 11 a.m. and
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3 p.m. show that in the daytime most animals are found between five and
ten metres deep.

It should be noted that in the daytime Diaptomus graciloides is generally
not found in the same water layer as the other filter feeders, Daphnia and
Bosmina, which may indicate that D. graciloides does not compete with the
cladocerans for food.

The water volume being on the whole homotherm, it is difficult to state
to what extent temperature is a determinating factor on the vertical dis-
tribution. The changes that have taken place during the 24 hours may there-
fore be attributed primarily to changes in the intensity of light.

Results of the present study show that the three species undergo a regular
diurnal migration, with all the typical characteristics described by Cushing
(1951).

In his conclusion Cushing assumes as a probable explanation of the ver-
tical distribution that the animals aggregate in an optimum band of light
intensity.

Experiments have shown that the crustaceans move with constant speed
toward or away from light and the speed varies with the changes in the light
intensity. In complete darkness their activity is probably minimal (Cushing
1951). According to Cushing the vertical distribution of the crustaceans at
midnight is due to this minimal activity and the ensuing passive sinking of
the animals. The results achieved confirm this supposition.

In the morning there are agglomerations of Bosmina as well as Diaptomus
both at 2—5 metres and at the bottom. At dawn the light only penetrates the
upper water layers and spreads very slowly to deeper layers. Animals which
are deeper down will then remain passive for a longer time and sink still
further, while animals in the upper water layers will be affected earlier by
light and be found in the layers having the optimum light intensity. A great
number of individuals will thus be found fairly deep down during a small
part of the morning. The time of the sampling may explain the fact that
Daphnia cristata cristata has no maximum value close to the bottom. As
there are certainly variations between the species as to the speed at which
they sink and their sensitivity to light, the species will hardly have an
identical distribution at any one hour.

Bainbridge (1961) states the lack of thorough field observations to show
the existence or non-existence of midnight sinking and dawn rise. Even if the
present investigation is on a small scale, the results seem to indicate that
there is a passive sinking at night and an ascent at dawn. In an earlier
chapter mention was made of several scientists who have found that the large
animals, which can see the sampler, are less numerous in the daytime than
at night in samples taken in the same profile. As seen from the diagrams the
samples taken at 11 p.m. contain considerably more animals than those taken
during the day. Only the nauplii do not show any difference.
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The vertical distribution at midnight in the thirteen lakes

The observations of the diurnal migration of Diaptomus, Daphnia and
Bosmina have clearly shown the importance of light for the vertical distri-
bution of the animals in a lake of a homothermal condition. In a stratified
lake on the other hand temperature will be of great importance in the dis-
tribution of zooplankton whereas light is of less importance. Temperature
has both direct and indirect influence on the distribution of plankton. The
direct influence is manifested by the fact that each species prefers the water
layer having the temperature favourable to that species. What is much more
important, however, is the connection between temperature on one hand and
density and viscosity of the water on the other hand. The thermocline may
act as a barrier for many zooplankters for there is an increase in the density
and the viscosity of the water as the temperature falls (see fig. 32—44).

The spring turn-over is still going on in June and the whole water column
is homotherm. As the samples were taken at night the greatest concentration
of crustaceans was, as expected, found in the upper water layers but there
were a great number of animals in the deeper water layers, too. The same
vertical distribution was found in Locknesjon at midnight. In July and August
the distribution reflects the more or less pronounced stratification of the
lakes. The crustaceans are now found in the epilimnion but sometimes there
is also small concentration in the metalimnion. Very few individuals are
found in the hypolimnion. In many lakes the autumn turn-over has begun
in September and the vertical distribution in those lakes is very similar to
that of June. There seems, however, to be a greater dispersal of crustaceans
at any one hour of the night in September, when the sun sets earlier, than
in June (see fig. 37). This observation confirms the opinion that there is a
passive sinking of the crustaceans during the dark hours of the night. Some
lakes are still stratified in September. The epilimnion then goes further down
than in August and there is a corresponding change in the distribution of the
animals.

Axelson (1961 a) has found that the thermocline is an effective boundary
below which some rotifers are very few in number whereas the limiting
effect of the thermocline on nauplii of Cyclops is the reverse. Axelson draws
the conclusion that light is a factor of small importance for the vertical dis-
tribution and that food and temperature are the decisive factors. Lindstrom
(1952), among other authors, has found a concentration of crustaceans at the
thermocline. When studying lakes in Jamtland he has observed that juveniles
and males of Daphnia longispina hyalina are concentrated at the thermo-
cline. It can therefore hardly be doubted that the thermocline acts as a barrier
for the vertical migrations of zooplankton. It has further been observed that
the temperature may modify the reactions of crustaceans to light (Cushing
1951, Lindstrom 1958).
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The importance of the direct influence of temperature on the vertical dis-
tribution is harder to state. Most species do not seem to be sensitive to the
relatively small changes in temperature which are common in a lake (Weich
1952). The distribution of Daphnia cristata longiremis indicates, however,
direct influence of the temperature. The few individuals which have been
met with of this cold stenothermal animal have always occurred in deep and
cold water layers.

Other factors which may influence the vertical distribution are Orcontent
and supply of food. As the O2-content has not been analysed, it is hard to
judge the importance of this factor. All the lakes are to be characterized as
oligotrophic and there is not likely to be lack of oxygen in the hypolimnion
during summer. No more can the importance of food in the vertical distribu-
tion of zooplankton be stated with certainty. The crustaceans will generally
be most numerous in the layers where there is the greatest supply of food.
Still very little is known about the choice of food of the different species.
All that can be said at present is that the food factors act at the same time
as other regulating factors and with a strength varying from species to
species.

The vertical distribution of the crustaceans in the thirteen lakes indicates
that light as well as temperature are of importance. During July and August,
when the lakes are thermally stratified, the distribution of the crustaceans
must to a very large extent be attributed to the temperature. As the difference
in temperature between upper and lower water layers decreases, the import-
ance of light as a regulating factor will increase.

A short description is given below of the vertical distribution of the dif-
ferent species on the different sampling occasions. For a closer comparison
of the lakes see fig. 32—44.

Copepoda

Diaptomus graciloides. During the spring and autumn turn-over the nauplii
are numerous in all water layers from the surface to the bottom but their
maximum is generally located in a zone between the surface and 20 metres
deep. During the summer stagnation the nauplii are distinctly concentrated
in the epilimnion.

No marked difference between the distribution of young and old cope-
podids could be noticed. They occupy almost the same layers as the nauplii.
Most copepodids are found at the surface or at a depth of two metres.

The adults are usually most abundant in the water layers close to the
surface. Maximum values are, as a rule, found near the surface and at 2
metres. Males, females and egg-carrying females show the same distribution.

Diaptomus laticeps. The nauplii, which appear during the spring turnover,
occur in the whole water column but tend to prefer the upper water layers.



PLANCTONIC CRUSTACEA IN NORTHERN SWEDEN 139

The copepodids have a somewhat irregular distribution. There is usually
a maximum in the warm water layers.

Adults usually occur in the upper water layers.

Diaptomus denticornis and |). Icicinicitus have only been found in small
numbers but the results indicate that they prefer the layers close to the
surface.

Heterocope appendiculata, H. borealis and It. saliens have their maxima
between the surface and 5 metres. There is no difference between copepodids
and adults.

Cyclops scutifer. The nauplii occur in the whole water column and have
a fairly irregular distribution. As a rule, the maximum values are found in
the epilimnion above the thermocline but sometimes also in the hypolimnion.

The vertical distribution of the copepodids is the same as that of the
nauplii.

The adults are uniformly distributed in the whole water column but
during the summer stagnation the maximum is found close to the surface.
There is no difference between males and females.

Cladocera

Daphnia cristata cristata is common in the upper layers of warm water
and often develops maxima at 2 and 5 metres.

Daphnia cristata longiremis. The few individuals occurring have almost
exclusively occupied the deeper water layers, the hypolimnion.

Daphnia longispina hyalina has a distribution that indicates a preference
for layers close to the surface. The maximum value is often found at 2 or
5 metres. There is a slight tendency for the juveniles to occur in deeper
strata than the adults.

Daphnia longispina longispina. To judge from the few individuals occur-
ring in the samples, the vertical distribution coincides with that of D. longis-
pina hyalina.

Bosmina coregoni occupies the whole water column from the surface to
the bottom. Maxima are found between the surface and 15 m.

Holopedium gibberum is uniformly distributed in the whole water column
during the spring and autumn turn-over. But there is a concentration in the
warm layers close to the surface even at a time of relatively slight stratifica-
tion.

Polyphemus pediculus, Bythotrephes longimanus and Leptodora Kindtii
have only occurred sporadically and therefore it is still difficult to have an
exact idea of their vertical distribution. They seem, however, to prefer the
upper layers.

It has not been possible to draw any conclusions of the vertical distribution
of the remaining crustaceans as they have occurred in too small numbers.
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V1. Observations on the annual cycle

As already mentioned the analysis of the samples has been made so as to
ascertain the different stages of the annual cycle of each species. Samples
from the winter months are missing, but in spite of this the material gives a
fairly good idea of the annual cycle of some of the crustaceans that are most
common in lakes in northern Sweden.

It should be pointed out once more that nauplii of the genera Diaptomus
and Heterocope have been grouped together as Centropagidae. Moreover,
very young copepodids of Heterocope may be mistaken for copepodids of
Diaptomus but since they have different annual cycles and Heterocope, as a
rule, is rare, errors due to this similarity are not likely to arise.

Copepoda

Diaptomus denticornis and D. laciniatus. The two species have only occur-
red in a few lakes and in small numbers. In Borgasjon where they are the
only representatives of the genus, they appear in the middle of July, mainly
as nauplii, which a month later have developed into old copepodids. The
first adults are found at the same time, some females of D. laciniatus already
carrying egg-sacs. By the middle of September there are only adult D. denti-
cornis. The samples contain no nauplii or copepodids and the eggs produced
are probably resting eggs which next spring will develop into nauplii. In the
other lakes too (Mjo6lkvattnet, Storsjouten, Torrén) the course of development
is similar and adults are not found until August. The first stages of the
development, nauplii-copepodids, cannot be distinguished in these lakes since
D. laticeps co-exists with the species mentioned.

D. denticornis and D. laciniatus seem to develop only one generation a
year, which is in agreement with Ekman’s (1904) results from the Sarek-area.

Diaptomus graciloides. In five of the six lakes, where D. graciloides is
common, the course of development is strikingly similar during the summer
(Ovre Bjorkvattnet, Fjosokken, Rengen, Storuman, Vojmsjon). The differ-
ences existing may be due to the species not having reached the same degree
of development on the sampling occasions. This is partly due to the geo-
graphical situation of the lakes, partly to the time passing between the samp-
lings in the first and the last lake during one and the same month.

Fig. 8 presents the development of D. graciloides in Ovre Bjorkvattnet
during June—September. At the end of June, nauplii and adults are very
numerous and most females are carrying egg-sacs. By the middle of July,
the nauplii have for the most part developed into young copepodids which
are abundant while the number of nauplii and adults is decreasing. A month
later, in the middle of August, the population consists almost exclusively of
copepodids, especially old ones. In September the population is composed



PLANCTONIC CRUSTACEA IN NORTHERN SWEDEN 141

Jnd/dm2

Z000-

Cerrirop
nauplii

Fig. 8. The development of Diaptomus graciloides in Ovre Bjérkvattnet.
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by old copepodids and adults but the latter do not yet seem to be sexually
mature. No egg-carrying females have been found in Ovre Bjorkvattnet in
September.

In the four other lakes the development seems to be more advanced on
the first occasions of sampling than in Ovre Bjérkvattnet, for adults are not
so numerous at the turn of month June—July. A few adults have been found
as late as August. The most interesting difference is constituted by the
occurrence in September in Fjosokken, Rengen and Storuman of females
carrying spermatophors and egg-sacs. Even if they are not numerous, they
may help to explain the annual cycle of D. graciloides.

Ekman, (1904) has found that D. graciloides has one generation in the
small lakes but two in the large lakes in the north of Sweden. He considers
that there are two months after the eggs’ being hatched before the females
are carrying egg-sacs. Rylov (1935) states that the species may be mono-
or dicyclic and that there may be resting eggs. The results from Ovre Bjork-
vattnet well agree with the description of the development of D. graciloides
in Kultsjon given by Axelson (1961 a). He has found no egg-carrying females
in samples from either September or November. As to the hibernation of
D. graciloides Axelson says nothing definite. He suggests that the adults
appearing in September hibernate and become fertile only the following
spring. As some winter samples contained very few individuals compared to
the samples from June, Axelson draws the conclusion that the adult cope-
pods do not spend the winter in the free water but that most of them stay in
the bottom mud or in the water close to the bottom.

To find out how D. graciloides passes the winter in lakes in northern
Sweden, more samples from late autumn, spring and even winter would be
required. The results seem to indicate that the development in Ovre Bjork-
vattnet is delayed compared to that of the other lakes which is perhaps owing
to the late ice-break in Ovre Bjorkvattnet (Lindstrom, 1958). The reproduc-
tion of D. graciloides might then be expected to fall in the end of September
or in October. Axelson has no samples from October but from November,
when the population in Kultsjon consists only of adults. As D. graciloides
has had an identical development in the two lakes earlier in the summer, the
development may be supposed to follow the same course in the two lakes in
late autumn, too. The animals probably hibernate as adults which are not
yet sexually mature. Thus the results from Ovre Bjorkvattnet seem to con-
firm Axelson’s conclusions.

The occurrence in September of a small number of egg-carrying females
in the other lakes may suggest that in these lakes D. graciloides passes the
winter in another stage of development. The insufficient material allows no
definite conclusions. The population is possibly divided into two fractions, as
is the case of other copepods in lakes in northern Sweden (Lindstrém 1952,
1958, Axelson 1961 b). The popidation observed in Ovre Bjorkvattnet would
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Fig. 9. The development of Diaptomus graciloides in Storjuktan.

then correspond to one of these fractions and would consequently hibernate
as adult individuals. The second fraction would comprise the individuals
which reproduce in autumn and hibernate as resting eggs or nauplii or cope-
podids. There are no definite proofs that such a dualism exists.

To judge from the material present there seem to be two fractions in
Diaptomus laticeps and Cyclops scutifer. It is still impossible to establish
what these fractions represent from genetical taxonomical viewpoints.

In the lakes described above, D. graciloides has had one generation a year
but the results from Storjuktan would point to the existence of two genera-
tions during the ice-free months (Fig. 9). At the end of June there are almost
exclusively nauplii and young copepodids, which have developed into old
copepodids or adults by the middle of July. At the beginning of August old
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copepodids as well as adults are very rare while nauplii and young cope-
podids are again abundant. In September copepodids and adults have taken
their place. In July and September there is the greatest number of egg-
carrying females. The decrease in the number of nauplii in July and the
heavy increase in August may signify that the nauplii found in August be-
long to a second generation.

As the lake is covered with ice as early as the end of October (Table 2)
D. graciloides probably does not hibernate in the same stage of development
in Storjuktan as in the lakes described earlier. The eggs formed in autumn
are probably resting eggs which are hatched only the following spring. This
is confirmed by the composition of the population in June. The nauplii and
young copepodids occur in great numbers but no adults are found from which
the nauplii might derive.

Diaptomus laticeps. Just as the former species, D. laticeps shows a course
of development that is different in different lakes and in this respect the lakes
may be divided into two groups, Ottsjon, Storsjouten, Stora Mjolkvattnet,
Rengen on one hand and Kvarnbergsvattnet, Torrén and Ovre Bjorkvattnet
on the other.

To illustrate the differences of the annual cycle, Ottsjén and Kvarnbergs-
vattnet have been chosen. In the other lakes there are other diaptomids, too,
and as the nauplii and copepodids have not been identified to species, there
is greater difficulty in getting an exact idea of the development. In Ottsjon
the population is made up of old copepodids and adults during the latter half
of June. Nauplii and young copepodids occur only in small numbers and
have disappeared completely by the beginning of July when the old cope-
podids have become adults. At the beginning of August the population con-
sists only of adults, some of which are egg-carrying females. A month later
both males and females occur but now in considerably smaller numbers. The
eggs formed in August—September are resting eggs which are hatched the
following spring. Lindstrom (1952) has found nauplii in winter samples
(February—March) from Ottsjon and copepodids at the ice-break, which
indicates that eggs are hatched already during the winter months. The main
part of the eggs are, however, hatched during the time of the ice-break, when
he has found an increase in the number of nauplii.

In 1957 the ice-break took place on May 27th in Ottsjon. In the samples
from June 20th, less than a month later, the number of nauplii and young
copepodids was very small and the population was made up of old copepodids
and adults. The first stages of development were rapidly passed but then it
was not until the beginning of August that the first egg-carrying females were
observed.

In Storsjouten, Stora Mjolkvattnet and Rengen the number of adult D. lati-
ceps is very small. Egg-carrying females appear in July and August and the
remaining phases of the development will be very similar to that in Ottsjon.
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In Kvarnbergsvattnet the population is composed of nauplii and adults on
July 4th and a great number of egg-carrying females can be observed. On
July 20th the situation is much the same. In the middle of August there is a
distinct decrease in the number of nauplii and adults at the same time as the
copepodids show a heavy increase. On September 15th the population con-
sists for the main part of old copepodids.

The nauplii occurring in July hardly derive from resting eggs but may be
the offspring of the animals found in June and July. In September these
nauplii have developed into old copepodids which probably hibernate as
such and became adults the following spring when reproduction takes place.
To judge from the results from Torrén and Ovre Bjorkvattnet D. laticeps
has a similar annual cycle in these lakes.

In Overuman the annual cycle of D. laticeps seems to be more complicated.
Unfortunately, samples have been procured only from the months July—
September. In the middle of July all stages of development from nauplii to
egg-carrying females are represented. The nauplii are numerically domi-
nating. A month later the females have disappeared and the nauplii have
been replaced by young copepodids. In September there are hardly any
nauplii left but egg-carrying females appear again. The development shows
features characteristic of the annual cycle such as it is found in Ottsjon as
well as in Kvarnbergsvattnet. The only explanation that can be advanced at
present as to the course of development in D. laticeps is the population’s being
divided into two fractions. One fraction would then have its period of
reproduction in spring, the other in autumn. Lindstrom (1958) has observed
the same phenomenon in some lakes in Jamtland.

The number of copepodids and adults found in September is strikingly
lower than the number of nauplii and copepodids found in August. This
applies not only to Overuman but also to Kvarnbergsvattnet. The heavy
reduction of the population may be caused by the deterioration in the environ-
ment followed by a rise in mortality or, more likely by the old copepodids
leaving the free water to pass the winter months on the bottom or close
to it, thus avoiding the plankton sampler. As mentioned earlier, Axelson
has found that D. graciloides probably passes winter on or near the bottom
and not in the free water. It remains to find out if the same thing is true
also about D. laticeps and if so, the reduction in September would find its
explanation. It seems incredible that such a marked decrease in the popula-
tion, taking place as early as September, could be explained only by losses
through the outflow.

Heterocope appendiculata, H. borealis and H. saliens. The development
from nauplii to adults is more rapid in these species than in the other cope-
pods studied, and the development of the three species seems to follow the
same course. As a rule the population is composed of copepodids in July and
as early as August the first adults are found, occurring in the samples as late

10
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as September. In Storjuktan and Storsjouten adult specimens have, however,
appeared already in July. The eggs are resting eggs.

In this connection, the following observation can be mentioned. In Sep-
tember all the adults of H. saliens were covered by suctorians in Borgasjon
and Kvarnbergsvattnet. That was also the case in Storsjouten in August. On
the contrary, only very few individuals were affected in Ovre Bjorkvattnet
in September. All the time only adults were concerned; no copepodids were
affected, and this may be explained by the fact that the rapid growth brings
about such frequent moultings that the suctorians never have time to develop.
The age of the copepod population may also be of some consequence as the
resistance of the copepods is probably gradually reduced.

Cyclops scutifer. This species is very common in the north of Sweden and
in many lakes it is often the only representative of the genus. It occurs in all
the lakes dealt with in this paper. The results indicate, however, that the
annual cycle of C. scutifer is not identical in these lakes but that during
summer the development varies in different lakes. According to Ekman
(1904) nauplii represent C. scutifer in the small mountain lakes at ice-break.
Some four weeks later, the nauplii have become adults and the females are
carrying egg-sacs. This generation is followed by another the same year. In
the large lakes, the situation is more complicated. The same author states
that the population contains nauplii, copepodids and even a few adults at the
ice-break. Lindstrom (1952, 1958) who has studied the annual cycle of
copepods in lakes in Jamtland, has found that the population of C. scutifer
consists of two fractions with different annual cycles. The same dualism
has been found in Ransaren by Axelson (1961 b).

The results of the present investigation will agree with those achieved by
Lindstrom. In the following description of the annual cycle the fractions will
be denoted A and B in accordance with LindstrOm’s terminology. In five of
the thirteen lakes the population of C. scutifer has a development that in-
dicates a division into two fractions. The development such as it is found
in Ottsjon may be said to be representative in this respect.

During the latter part of June the population is mainly made up by cope-
podids and adult cyclopoids (Fig. 10). A great many females are carrying
egg-sacs. Three weeks later old copepodids have replaced the young cope-
podids and are very abundant. Adults still occur in great numbers. An
increase in the number of nauplii is noted. At the beginning of August the
number of adults is small as well as that of young copepodids. Nauplii and
old copepodids make up the Ci/clops-population and in September they have
developed into young copepodids and adult Cyclops respectively. The nauplii
which derive from the adults in July have increased in number.

The composition of the population in June and September clearly shows
that in Ottsjon there are two fractions having different annual cycles. Frac-
tion A comprises the young copepodids occurring at the end of June. They
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Fig. 10. The development of Cyclops scutifer in Ottsjon.
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become adults and reproduce during autumn. The second fraction, B, is
composed of the adults appearing in spring and early summer. Their off-
spring passes the summer as nauplii which develop into young copepodids
towards the end of the summer. They pass the winter as young or old cope-
podids.

Lindstrom (1958) states in his paper that this fraction originates from a
spring pulse of nauplii and young copepodids, but makes a reservation as to
the origin of the nauplii. Axelson (1961 a) has in some winter samples found
nauplii in great numbers but no adults and is of opinion that the nauplii
originate from egg-carrying females in August.

Several authors (among others Dietrich 1915, Walther 1922, Coker
1933) have proved that the development is more rapid at high temperatures
provided that the food is sufficient. During the winter months when tempera-
ture and food supply are at their lowest, the development of the nauplii will
more or less come to a standstill. Fraction A therefore probably passes the
winter as nauplii, fraction B as young or old copepodids.

The Cpc/ops-population has proved to be divided into two fractions also
in Borgasjon, Kvarnbergsvattnet, Torron and Vojmsjon. This dualism is not
equally obvious in all the lakes. As all the individuals of a fraction do not
have the same rate of development, adults of the B-fraction may occur as
late as August, when adults of the A-fraction may also be expected to appear.
It is not established that a genetic difference between the two fractions should
develop in view of the tendency to fusion of the fractions. Axelson (1961 b)
has found differences in body length, but no other morphological differences
have been noted between the two fractions. As has been said above, nothing
can be said with certainty as to the genetical and taxonomical importance of
the dualism.

The development of the Cyc/ops-population in Fjosokken and Storuman
shows some deviations from the description given above and corresponds
rather to fraction A in Ottsjon. A few adults have been observed at the end
of June and in July but their small number and the lack of egg-carrying
females make one believe that it is only a matter of individuals having passed
the different stages of development more rapidly than the rest of the popula-
tion. There is thus probably no dualism in Fjosokken and Storuman but the
whole population has an annual cycle which most nearly resembles fraction
A of the lakes earlier mentioned.

To judge from the results from Ovre Bjorkvattnet, Rengen, Storsjouten
(Fig. 11) and Overuman the existence of a dualism in the Cyclops-popula-
tion in these lakes may also be questioned. C. scutifer is found to have a
period of reproduction in spring and early summer, and this is reminiscent
of the development of the B-fraction in Ottsjén. The autumn samples con-
tained, nevertheless, a small number of egg-carrying females which might
indicate that a small part of the population has an annual cycle similar to
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Fig. 11. The development of Cyclops scutifer in Storsjouten.

that of fraction A. Considering, however, the small number, the individuals
concerned may have developed more rapidly than usual. Moreover, indivi-
duals that are adults in June may live until August (Lindstroem 1952).
However that may be, the Cyclops-population resembles the B-fraction of
Ottsjon and if there is a dualism at all, the fraction A is not very prominent.

The results from Stora Mjolkvattnet differ from that of the lakes mentioned
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above in one respect. Old copepodids abound in samples taken on September
17th. They possibly reach sexual maturity and reproduce late in autumn. In
such case there is also an A-fraction, which seems likely if the composition
of the population during the summer is borne in mind. The material is,
however, insufficient for any conclusions about the annual cycle of this lake
to be drawn.

It has not been possible to ascertain the annual cycle of C. scutifer in
Storjuktan. No egg-carrying females have occurred. The adults have been
C. scutifer but some copepodids may belong to another species.

Cladocera

Daphnia cristata cristata. The life cycle in summer is strikingly similar in
the four lakes, where D. cristata cristata is very common. The development
starts earlier in the shallow lakes Fjosokken and Storjuktan than in the large
and deep lakes Storuman and Vojmsjon, which is probably accounted for
by the slow rise in water temperature of the two latter lakes. By the end of
June the number of individuals is very small (Fig. 12—13) and the animals
are, for the main part, not yet adult. In Fjosokken and Storjuktan at this
time some females are even carrying eggs. As many as five eggs have been
observed, but as a rule the females have two or three in the brood chamber.
At this time, the population is probably made up of individuals originating
from ephippia.

In the middle of July the density of individuals in Storuman and Vojm-
sjon is about the same as at the end of June but some 20 % of the population
consists of egg-carrying females. In the two other lakes and especially in
Storjuktan the number of individuals, mainly composed of juveniles and
egg-carrying females, has increased strongly. After the ice-break, the water
of Storjuktan is warmed very quickly and consequently not only are the
ephippia hatched earlier but development as a whole is hastened. Juveniles
and egg-carrying females dominate in the samples from August. The females
have one or two eggs in the brood-chamber. More than two eggs are rarely
found during this month.

A month later, at the beginning of September, the number of individuals
is at its greatest. Males make up about 20 % of the population and the per-
centage of juveniles has decreased compared to what was usual in July. The
egg-carrying females form but a little part of the population and in no lake
do they exceed 10 %. As a maximum they have two eggs but most of them
have only one. Some of the females have developed an ephippium. In Stor-
juktan about 5 % of the egg-carrying females have a more or less well devel-

Fig. 12. The composition of the population of Daphnia cristata cristata in Fjosokken and
Storjuktan. In black the number of individuals/dm2. The number of eggs found in the brood
chambers. j=juveniles, T egg-carrying females, E=ephippium.
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oped ephippium. In Fjosokken the corresponding percentage is 19 and in
Storuman 31. No samples were taken in VVojmsjon in September. As a rule
D. cristata cristata has fewer eggs than D. longispina hyulina.

As the cladocerans reproduce parthenogenetically during summer and as
there are several parthenogenetic generations following each other, the num-
ber of individuals will increase very rapidly. In Storjuktan there is in three
weeks an increase of the population from 10 individuals/dm?2 to 180 indi-
viduals/dm2. In Storuman and Vojmsjon there is hardly any change in the
size of the population between the samplings of June and July, and as has
already been stated the results indicate that in these two lakes the develop-
ment of D. cristata cristata is delayed compared to the smaller and shallower
lakes Fjosokken and Storjuktan. The ice-break takes place at about the
same time in the four lakes (Tab. 2). During June, however, the water of
the lakes is not warmed equally fast. When the June samples were taken, at
the end of the month, with the spring turn-over still going on, Storjuktan
had a water temperature of about 9°C, Vojmsjon 4.5°C, Fjosokken 8°C and
Storuman 6°C. Also during the samplings of July there were great differences
in temperature between Fjosokken and Storjuktan on the one hand and Stor-
uman and Vojmsjon on the other. There seems to be a marked relationship
between temperature and the growth of the Daphniu-populafion in the lakes.
At the end of June, D. c. cristata is very rare in all the lakes and is represented
mainly by young individuals. Only in Fjosokken and Storjuktan are there
egg-carrying females. Three weeks later, in the middle of July, there is a
heavy increase in the population, especially in Storjuktan and Fjosokken,
while the number of individuals is fairly unchanged in Storuman and Vojm-
sjon, where a greater number of individuals can be noted first only at the
beginning of August. The temperature conditions of the lake will thus in-
fluence not only the annual cycle of the species but also the size of the popula-
tion. If the annual cycle is delayed in spring, the growth of the population
is checked by the fact that fewer parthenogenetic generations have the pos-
sibility to develop before the end of the short summer. This fact must not be
overlooked when comparisons are made between the populations of different
lakes. In all the lakes the sexual reproduction period falls at about the same
time. Males occur at the beginning of August and a month later a great deal
of the adult females are carrying ephippia.

According to Rytov (1935), D. c. cristata is an eurythermal species. In an
earlier chapter it has been stated that it only occurs in lakes containing other
eurythermal species and is lacking in mountain lakes with cold stenothermal
animals. When studying the vertical distribution of the species, Freiden-
FELT (1913) has found that it prefers the layers having a temperature above
8—9°C. As to the temperature requirements of the species the vertical distri-
bution in the lakes of northern Sweden gives no direct indications, as the
samples are taken at night, when most animals are found in the upper water
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layers. On the other hand, a comparison of the four lakes shows that egg-
carrying females occur only when the greatest part of the water column has
reached a temperature of about 8°C. The appearance of adult females with
parthenogenetic eggs only at the temperature of 8—9°G shows that this tem-
perature is of the greatest importance for the propagative phase of the ani-
mals. Laboratory experiments might give further information as to the direct
and indirect influence of temperature on the biology of D. c. eristata.

Daphnia eristata longiremis. This cladoceran has only been found in very
small numbers in four lakes. As can be seen from the diagrams of the vertical
distribution (Fig. 33, 38, 40, 42) it appears almost exclusively in the deep
and cold parts of the lakes which have a temperature below 9°C. This is well
in accordance with the observations made by Freidenfert (1913), who
established that D. c. longiremis is a cold stenothermal animal as distin-
guished from D. c. eristata. During the summer months there are juveniles
as well as adult females and the females are carrying only one or two eggs
in their brood chambers. No males or females with ephippium have been
observed.

Daphnia longispina hyalina (Fig. 14—15). At the end of June and the
beginning of July juveniles and adult females make up the population. The
majority of the females are carrying eggs and they have 3—7 eggs in their
brood chambers. There is a heavy increase in the population of all the lakes
in July and during the latter part of the month the population is to some
60 % made up of juveniles. At the same time there is a tendency among the
females to carry fewer eggs. The first males are observed in Ovre Bjork-
vattnet, Borgasjon and Kvarnbergsvattnet. In the two latter lakes as well as
in Rengen and Storsjouten the number of individuals making up the popula-
tion is just then at its highest. The number then gradually decreases during
August and September. With the exception of Ovre Bjorkvattnet and Over-
uman and to some extent Torron, D. longispina hyalina decreases in number
in August. The males grow more numerous during this month and the
females generally carry no more than two eggs. In Ovre Bjorkvattnet, Borga-
sjon and Kvarnbergsvattnet, where males appeared as early as July, most
females have developed ephippia. In September, Ottsjon and Torrdon have the
greatest density of individuals while the other lakes have a decreasing popula-
tion of D. longispina hyalina. The part of the population made up of juve-
niles grows smaller owing to the fact that the reproduction is sexual and
ephippia with resting eggs are produced. A considerable part of the egg-
carrying females are also carrying ephippium.

From a comparison between the annual cycle of D. longispina hyalina and
that of D. eristata eristata it may be concluded that the two species differ
as far as their requirements as to temperature are concerned. To judge from
the results the parthenogenetic reproduction of D. longispina hyalina starts
earlier in spring and at a lower water temperature than is the case with
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D. cristcita cristata. In Ovre Bjorkvattnet, for example, there occurs about
the same number of egg-carrying females as there are juveniles three weeks
after the ice-break at a temperature of only 5—6°C. The resting eggs of
D. longispina hgalina are probably hatched earlier than those of D. cristata
cristata but apart from this and whatever factor directly affects the hatching
of the resting eggs (Vollmer 1912, Wood-Banta 1937, Compta 1956) it is
clear that the parthenogenetic reproduction of D. longispina hyalina takes
place at a lower water temperature than that of D. cristata cristata. The result
is that a population of D. longispina hyalina grows more rapidly during the
early summer than a population of D. cristata cristata.

Daphnia longispina longispina. In the lakes where it has been found,
Rengen and Torrén, this cladoceran has been represented by the variety
cavifrons Sars. At the end of June and beginning of July the population
mainly consisted of not yet adult animals. Males occur at the end of July
and in Torrén a month later most females are carrying ephippia. In Rengen
most males disappear in August and during this month there is a slight
increase in the population. In both lakes in August and September the
females never carry more than two eggs in their brood chambers.

Bosmina coregoni. This is the most common and the most numerous clado-
ceran, which occurs in all the lakes throughout summer. The development
starts early in spring. Lindstrom (1952) has found that in Ottsjon all the
individuals of Bosmina were carrying eggs or embryos in their brood cham-
bers immediately after the ice-break, in 1950.

At the end of June when the first samples were taken, the composition of
the population is fairly similar in all lakes (see diagrams of the vertical
distribution). Egg-carrying as well as not egg-carrying animals are found.
The latter are dominating and a great deal of them are not yet adult. In July
there is a heavy increase in the number of individuals and in five lakes (Ott-
sjon, Rengen, Storjuktan, Storsjouten, Vojmsjon) the highest values of the
summer are then noted. At the same time the greatest number of females
carrying eggs is also noted in many lakes while in others this maximum
value is found only in August or September.

Lindstrom (1952) states on the contrary that in Ottsjén the egg-carrying
females decreased in number in June, disappeared completely in July and
appeared again in August in small numbers. According to Lindstrém, Bos-
mina coregoni thus has two periods of reproduction, the first in connection
with the ice-break, the second during late summer. Egg-carrying females
have been found in all the series of samples from the thirteen lakes. In a
paper (1958) Lindstrom has stated that there is a delay in the annual cycle
of the crustaceans the years when the ice-break is late. That was the case
in 1957 (Table 2), while the ice-break was relatively early in Ottsjon in 1950,
the year when Lindstrom collected his samples. This probably accounts
for the differences between the results. As regards the annual cycle of Bosmina
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coregoni Lindstrom (1958) states, without going into details, that the popula-
tion reaches its maximum density late in 1957.

It has already been said that in 1957 the Bosmina population contained a
relatively large number of egg-carrying females in July. Probably there is no
interval between the two reproduction periods of Bosmina during a year with
late ice-break but instead there is an overlapping shown by the occurrence
of Bosmina throughout the summer. In some lakes there is a small increase
in the number of egg-carrying females in July and an occasional decrease
in August while in other lakes there is no decrease until September. This
indicates that Bosmina may have a reproduction period also during late
summer.

Males were found in August and occur during September in all lakes except
Ottsjon where, on September 5th, no males could be observed. Further
indication about the composition of the population on the different occasions
of sampling may be drawn from the diagrams showing the vertical distribu-
tion.

As mentioned above, Bosmina coregoni increases heavily in number during
early summer and in five lakes the population reaches its maximum density
in July (Fig. 18). Among these lakes, Ottsjon and Storsjouten have a decrease
in population in August and an increase in September. In seven lakes Bos-
mina shows the greatest density of individuals in August but even in Sep-
tember the number of individuals is high in these lakes. In Stora Mjolkvatt-
net the population reaches its maximum value only in September.

Axelson (1961 a) has not been able to establish the existence of a sexual
reproduction period of Bosmina coregoni in Ransaren and Kultsjon. He sup-
poses that the annual cycle is acyclic and the population probably hibernates
with a small number of parthenogenetic animals in the littoral zone. The
results of the present investigation indicate, however, that Bosmina coregoni
has a sexual reproduction period. Unfortunately there are no samples from
October but it seems probable that the males become more and more
numerous during this month. In September many females were carrying only
one or two eggs, probably resting eggs. The fact that the males occur in
autumn need not mean that the whole population hibernates as resting eggs.
As winter samples (Lindstrom 1952, Axelson 1961 a) have shown that even
after the formation of the ice-cover there are Bosmina females in the free
water, part of the population may evidently hibernate as parthenogenetic
females.

Holopedium gibberum. Like the preceding species Holopedium gibberum
was also common in all the lakes. It should be noted that, as regards this
species, the material has been treated differently from that of the species
already dealt with insomuch as a division has been made only into egg-
carrying and not egg-carrying animals.

In the lakes studied the individuals are mainly not yet adult at the turn
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of the month June—July (see diagrams of the vertical distribution). The
adults have not yet eggs in their brood chambers. The population has already
reached its maximal density in Fjosokken, Rengen and Storsjouten (Fig. 18)
but in most lakes the maximum is found only about the middle of July. The
population then consists to a great part of females carrying a varying number
of eggs. During August and September H. gibberum grows less numerous in
all the lakes at the same time as the first males are observed. Borgasjon,
Storuman, and Overuman where the species is most numerous in August,
are exceptions. There are fewer and fewer egg-carrying females during the
latter part of the summer and they have fewer eggs in their brood chambers.
In the September samples from Fjosokken, H. gibberum is completely
lacking.

When studying Holopecliuni gibberum in the south of Sweden, Freiden-
felt (1920) has found that it takes a remarkably long time before the
individuals, originating from the resting eggs, start reproducing themselves.
He observed the first juveniles as early as the middle of April but only at the
end of May did the parthenogenetic reproduction start. As the breaking up
of the ice takes place considerably later in the lakes in northern Sweden,
one may assume that the individuals found at the end of June come from
resting eggs. Their period of reproduction then falls in July—August.

In his lakes in southern Sweden, Freidenfelt (1920) has found the same
pattern of development as that described for lakes in northern Sweden,
characterized by a maximal density of individuals in July followed by a
marked decrease during the following months. The lakes in northern Sweden
show, however, a retardment of the annual cycle. Freidenfelt finds that
H. gibberum again increases in number during the autumn and the popula-
tion has once more a maximum value in October. In January the species
only occurs sporadically in the samples. Whether a population in a lake in
northern Sweden follows the same course of development cannot be con-
cluded, as samples are lacking from late autumn.

For the present it may be assumed that the hard climate of northern
Sweden has shortened the annual cycle of H. gibberum as is the case with
many other cladocerans, so that the population has only one maximum value
of density during the year (Ekman 1904).

The species now dealt with are the most important cladocerans of the
plankton in lakes in northern Sweden and they have been so abundant in
the samples that it has been possible to draw conclusions about their annual
cycles. This is not the case of Polyphemus pediculus, Bythotrephes longi-
manus, and Leptodora Kindtii, which only occurred in small numbers. What
is common to them all is that they are not adult until July or August, when
the females are also carrying eggs.
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VIIl. The effect of water-level fluctuations on the zooplankton

A number of investigations have been carried out to ascertain the influence
of a regulation on the biological conditions of a lake. It is primarily changes
in the fish populations and the bottom fauna that have been treated. The
plankton fauna has not been studied to the same extent. Investigations have
been made abroad into the conditions of artificial lakes, formed by the
damming up of rivers. An extensive work has been published in Czecho-
slovakia (Stepanek, Chalupa et al. 1958 and 1959). Although these thorough
investigations offer much interesting information, the results are not appli-
cable to the lakes in northern Sweden. The fluctuations of the water level
are much more pronounced in the Swedish lakes than in the foreign reser-
voirs. Results from reservoirs in North America indicate that regulations have
only a negligible effect on the plankton fauna (Cuerrier 1954, Rawson 1958
and others). A small increase in the standing crop was observed after the
regulation.

Investigations of regulated lakes of the same kind as the lakes dealt with
in this paper have been made in Norway by Dahl (1926, 1933) and Huit-
feldt-Kaas (1935). These investigations have, however, been mainly con-
cerned with the influence of regulation on the fish fauna, bottom fauna and
the cladocerans of the littoral zone, while the pelagic fauna has not been
observed. Aass (1960) on the other hand has taken plankton samples once
a year in Limingen (Norway) over a period of five years. He obtained the
largest quantities, with one single exception, the year before the regulation
(lowering of the water level).

Regulated lakes of northern Sweden have been the object of extensive
investigations but quantitative and qualitative data of zooplankton have been
lacking until quite recently, when Axelson (1961 a) published a paper on
zooplankton in Ransaren and Kultsjon. He has found that following the
regulation of Ransaren there has been a considerable increase in the number
of zooplankters as well as in the total volume. According to Axelson, this
increase is due to improvement of the food conditions and also to a reduction
of the losses generally caused by the outflow.

The regulation of the lakes in northern Sweden generally involves a filling
of the reservoirs in spring and a drawing off of water in winter. There are
thus great variations in the water level throughout the year. The amplitude
is, for example, in Borgasjon 17 m (see table 3), 16 m above and 1 m below
the natural mean water level. Within the littoral zone which is alternatively
flooded and dried up, the bottom fauna will change considerably. In Blasjon,
Grimas (1961) has recorded a loss of 70 °/o of the bottom fauna in this aiea
and of 25 % in the rest of the lake. As char and trout to a great extent feed
on bottom organisms, this reduction of the bottom fauna will seriously affect
the fish population (Runnstrém 1955, Nilsson 1961). The char, which even
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under normal conditions often feeds on plankton, probably adapts itself
more easily than trout to the new conditions (Nilsson 1961).

Several authors have stressed the importance for the plankters of the out-
flow from a lake. Ruttner (1930) is of opinion that a great deal of plankton,
especially the phytoplankton and the rotifers, are swept away by the current
of the outflow while bigger plankton animals, the crustaceans, are better
able to withstand it. Brook and Woodward (1956), Rawson (1958) and
Einsele (1960) also state that the standing crop is impoverished by outflow
losses.

Brook and Woodward have observed both in field tests and in the labora-
tory the ability of some crustaceans to avoid the outflow current. Adults
proved to resist the current better than young individuals. The cladocerans
swim against the current all the time, whereas the copepods start doing so
only near the outlet when the force of the current is increasing.

In order to get an idea of the reactions of some species dealt with in this
paper a simple experiment has been performed. The species studied are
Cyclops scutifer, Heterocope appendiculata, Daphnia cristata cristata, Bos-
mina coregoni, Holopeclium gibberum.

For this experiment a tube of plexiglass was used, 1.5 m long with an inner
diameter of about 7 cm. At one end it was connected to a water tank. The
other end was closed by a rubber stopper through which passed a glass tube.
To make it possible to regulate the outflow through the plexiglass tube a
rubber tube with a clip was attached to the glass tube. The animals and the
water used for the experiments was fetched directly from a lake and the
brief transportation can not have impaired the physical condition of the
crustaceans. After the plexiglass tube and the tank were filled with water,
the reactions of the animals were observed and the rate of the current was
regulated by the clip. The rapidity of the current was measured by colour
injections into the water (rhodamin). The results of this simple experiment
well agree with those obtained by Brook and Woodward. The copepods do
not seem to react to running water until just in front of the outlet, where the
current accelerated rapidly; here they began to swim vigorously and erra-
tically against the current. The cladocerans, on the other hand, turned as
soon as they were placed in the tank and swam against the current. Daphnia
cristata cristata proved to be able to withstand a current velocity of 18 cm/
min. at a temperature of 10.3°C. Bosmina coregoni quickly sought refuge at
the walls of the tube and then swam against the current. With its gelatinous
mantle, Holopeclium gibberum is the species of cladocerans that is most easily
carried away by the current. It is true that objections can be made to the
simple arrangements of the experiment but the object has only been to see if
the results of Brook and Woodward apply also to the species dealt with in
this paper and if the reactions of species in running water show great varia-
tions.
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No doubt great quantities of plankton are swept out from a lake by the
outflow current. However, the water of an impounded lake being stored
during summer and autumn, the outflow is less important during this part
of the year than before the regulation (Fig. 16). The standing crop of the
zooplankton might then be expected to increase in an impounded lake and
Axelson (1961 a, 1963) has proved that that is the case. Observations of the
primary production in Ransaren indicate that the regulation brings about
an increase (Rodhe 1957, 1963), since at the raising and the lowering of the
water level, flooding and erosion will add organic matter and inorganic
nutrients to the lake.

In the earlier chapter an account has been given of the species composi-
tion of the thirteen lakes and an attempt made to establish the annual cycle
of some of the most common species. It was then found that there are great
differences between the lakes with regard to the composition of the crusta-
cean fauna as well as its development during the summer. It is difficult to
draw comparisons between the lakes, as geographical situation, depth etc.
differ from lake to lake and, moreover, six of the lakes are regulated. How-
ever, an attempt will be made to compare regulated and unregulated lakes
as regards the plankton crustaceans.

The size of the standing crop is given as the number of individuals per dm?
(Fig. 17—18). As the depth varies, it is necessary to compare lakes where
samples have been taken down to the same level. The variations noted in the
size of the standing crop during summer were mentioned in the chapter on
the annual cycle of the species.

Three of the lakes having low quantitative values are Fjosokken, Stor-
uman and Vojmsjon. As all three lakes contain whitefish (Table 2), the pos-
sibility cannot be excluded that the somewhat lower quantitative values of
the lakes are caused by a grazing effect of the whitefish populations. Vojm-
sjon e.g. contains three species of whitefish, two of which feed at least partly
on plankton (Farricius 1950, Svardson 1957, Nilsson 1958).

The composition of the plankton community must also be taken into
account. In an earlier chapter it was stated that Daphnia cristata cristata is
numerous in the lakes only in the latter part of the summer, which was
assumed to be due to the temperature conditions of the lake. As D. cristata
cristata is the only representative of the genus present in all the lakes with
whitefish, a small population of this cladoceran in these lakes compared to
other lakes containing D. longispina hyalina may also be due to the tempera-
ture factor.

It is of special interest to note that whitefish is the dominating fish species
in the lakes containing Daphnia cristata cristata. The absence of char may
be due to the fact that during the period in spring when the fry is depending
on plankton organisms as its food, the resting eggs of D. cristata cristata
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Fig. 16: 1—6. Water level and discharge during the period May—October 1957 of the
regulated lakes.
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have not yet been hatched. The hatching of D. longispina hyalina probably
takes place much earlier.

As to the size of the standing crop of copepods, relatively high values of
Diaptomus were noted in some lakes while other lakes showed low values.
It is again a matter of what species are found in each lake but it must also
be borne in mind that the annual cycle of any one species may vary in the
different lakes (see previous chapter). The population of a species repro-
ducing in spring will in summer be made up of a great number of nauplii
and copepodids. If the reproduction takes place in autumn, there will be a
certain natural reduction of the population during winter and spring. Samples
from the summer months, containing mainly copepodids, will then not be
equally rich in individuals. Diaptomus graciloides shows throughout con-
siderably higher quantitative values than D. laticeps. As to adult diaptomids
only, the somewhat smaller D. graciloides has always been more abundant than
D. laticeps, which is more robust. In chapter IV it was stated that there exist
certain differences between the lakes as to the percentual composition of the
copepod fauna. In some lakes, the copepods were mainly represented by
Diaptomus, and in others by Cyclops (Fig. 19—31). It can now be established
that when Diaptomus dominates, it is always as D. graciloides. Heterocope
never accounts for more than a small part of the copepod community in any
of the lakes examined.

As regards the cladocerans, it is further observed that Holopedium gibbe-
rum is unusually abundant in Stora Mjolkvattnet. The distribution of this
species is decided by a great number of factors, some of which are unknown
(Rytov 1935, Hamilton 1958). Until further knowledge has been acquired
about the biology of the species, the importance of the competitive factor
must not be left out of account when an explanation of the abundance of
H. gibberum in Stora Mjo6lkvattnet is attempted. Daphnia is in fact lacking-
in the lake. For these reasons, H. gibberum will not be included in the com-
parison between regulated and unregulated lakes.

From the evidence given by the thirteen lakes there is nothing to indicate
that the crustaceans are more abundant in the zooplankton of a regulated
than an unregulated lake. Of the copepods (Fig. 17, table 8), Diaptomus
graciloides always occurs as already mentioned, in greater numbers than the
other Diaptomus-species, which explains the maxima of the diagram (Ovre
Bjorkvattnet, Fjosokken, Rengen, Storjuktan, Storuman, Vojmsjon). In this
diagram Diaptomus and Heterocope have been grouped together, as the latter
is rare. The tendency to a reduced density of plankton in lakes containing
whitefish has already been touched upon (compare Fjosokken—Rengen,
Storuman—Ovre Bjorkvattnet). That most of the regulated lakes (Borgasjon,
Kvarnbergsvattnet, Stora Mjolkvattnet, Storsjouten, Torrén) have small num-
bers of Diaptomus is due to the fact that in these lakes the genus is repre-
sented by D. laticeps (cf. Ottsjon, unreg. — Storsjouten, reg.). The greatest
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Table 8. Mean numbers of individuals/dm? (see fig. 17—18). Figures within
parentheses indicating the rank order of the lakes with regard to the mean
numbers. R=Regulated lakes.
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densities of Cyclops scutifer seem to be found in lakes containing Diaptomus
laticeps, D. denticornis or D. lacinicitus and therefore one may get the im-
pression that there is an increase in C. scutifer in regulated lakes. A com-
parison between Ottsjén and Storsjouten shows on the contrary that C. scuti-
fer is more numerous in the unregulated lake. In Borgasjon and Stora Mjolk-
vattnet high quantitative values have been obtained.

The regulated lakes are no more found to have larger standing crops of
cladocerans than the unregulated. The case is rather the contrary. In none
of the four lakes where it is found does Daphnia cristata cristata occur in
great numbers. The reasons have already been discussed and nothing definite
can be said as to whether the regulation of VVojmsjon has affected the popula-
tion of D. cristata cristata. On the other hand it must be supposed that the
regulation has had some influence on D. longispina hyalina, in Storsjouten,
Torrdén, and Kvarnbergsvattnet, lakes where very low quantitative values
have been noted (Fig. 18, table 8). Ottsjon could be compared to Storsjouten
as their zooplankton contains the same species. Whether or not the total lack
of Daphnia in Stora Mjo6lkvattnet is accounted for by the impoundment of
the lake cannot be stated with any certainty. Lundqvist (1936) characterizes
the plankton in this lake as Holopedium-Polyphemus plankton and has not
found any specimen of the genus Daphnia. Bosmina coregoni seems also to
be more rare in regulated lakes (Borgasjon, Kvarnbergsvattnet, Torrén,
Vojmsjon). Stora Mjolkvattnet and Storsjouten are, however, exceptions in
this respect. As regards Stora Mjélkvattnet, this may be explained by the lack
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of Daphnia, its competitor for food, and as for Storsjouten, the depth con-
ditions of this shallow lake may favour B. coregoni. No other explanation of
the prominent position of B. coregoni in these lakes can at present be
advanced.

Thus no results have come of the investigation to indicate that the standing
crop of zooplankton is larger in regulated lakes than in comparable unregu-
lated lakes. In regard to the copepods there are no great differences between
regulated and unregulated lakes. On the other hand, the regulation seems to
have a reducing effect on the populations of Daphnia longispina hyalina and
Bosmina coregoni in many lakes.

These results are quite contradictory to those achieved hy Axerson (1961 a)
in Ransaren. It is necessary to point out that Axerson made his investigation
just before and just after the regulation of Ransaren. The regulated lakes of
the present investigation have been regulated for a number of years (see
table 1) which will probably satisfactorily explain the differences in the
results. The increase in the standing crop of zooplankton found in Ransaren
during the years immediately following the regulation, is, according to Axe1-
son, due to reduced losses through outflow during the summer as well as
to improved food conditions. As mentioned earlier, the damming up of
Ransaren caused an increase in the primary production by addition of new
organic and inorganic matter from the flooded area. The observations of the
primary production have not been carried on long enough to be able to find
out how long these favourable conditions for primary production prevail.
It may, however, be supposed that the addition of nutrients from the flooded
area will gradually cease as the zone is exhausted. The zooplankton will then
probably show the same values as before regulation. Even if losses are small
in summer, owing to negligible drawing off of water, the food factor will
limit the increase of the populations. No definite explanation can be given of
the fact that Daphnia longispina hyalina and Bosmina coregoni are not so
numerous in some of the regulated as in comparable unregulated lakes.
During the latter part of the autumn, when the drawing off starts, the cope-
pods have either laid their resting eggs, which gather on the bottom, or else
the copepods hibernate as copepodids and probably stay in the layers close
to the bottom (Erxgmork 1955, 1959). On the other hand, there will still be
ephippium-carrying females of Daphnia in the upper water layers and it is
possible that they will be more affected by the outflow after the regulation.
This applies to an even greater extent to the liberated ephippia, which are
carried towards the outlet by the wind and the current, a tendency that will
be still more pronounced since ice formation takes place later after a regula-
tion. Moreover, ephippia carried onto the shore, may be drained when the
water level is lowered during winter. Ephippia can indeed stand draining
as well as freezing but the fact must not be overlooked that a considerable
lowering of the water level may imply the loss of ephippia. Also in the case
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of Bosmina coregoni the drawing off of water in the autumn may have a
reducing effect on the population. As B. coregoni does not only belong to the
purely pelagical fauna but is also characteristic of the littoral zone (Lind-
strom 1957, Axelson 1961 a) the possibility cannot be excluded that the
changes occasioned by the regulation in this zone can have a negative in-
fluence on the population. The regulation may even have an indirect effect
on the cladocerans. Through the elimination of many bottom organisms
which are of great importance as fish food, the char will feed on cladocerans,
especially in late summer and autumn (Nilsson 1961). It is impossible to
state whether this grazing is of such an extent as to have a noticeable effect
on the populations.

Another factor which may be of biological importance is the turbidity of
the water that occurs in connection with the construction of a dam and the
erosion of the flooded areas. The increased turbidity of the water may be
supposed to have a damaging effect on filter feeding crustaceans as the
filtering apparatus may be clogged. The effects of a regulation on bottom
living filter feeders have been discussed by Grima$S (1961).

The changes in the plankton fauna occasioned by the regulation of a lake
may be attributed to various factors. It is impossible so far to state which
factor is most important. There are probably several operating at the same
time with varying effects in different lakes. Future investigations will show
what these factors are.
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Summary

1. Plankton samples taken by means of a Clarke-Rumpus sampler during
the months June—September in thirteen North-Swedish lakes have
been analysed with regard to the crustaceans. The material consists in
all of some 450 samples distributed on 48 vertical series.
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Eleven species of copepods and eleven species or subspecies of clado-
cerans have been found. Chydorids, of which there were very few in
the samples, have not been taken into account.

The lakes may be divided into two groups as regards the species com-
position of the fauna. One group includes the cold stenothermal species
Diaptomus laticeps, Heterocope saliens or H. borealis (in one lake) and
Daphnia longispina lujalina and the other Diaptomus graciloides, Hete-
rocope appendiculata and Daphnia cristata cristata. Species common for
all the lakes are Cyclops scutifer, Bosmina coregoni and Holopedium
gibberum (Table 3—4).

The zooplankton community is made up of a small number of crusta-
cean species. During June—September the mean number for Copepoda
is 3.2 species and for Cladocera 4.8 species.

In six lakes there have been found two and in one lake three Diaptomus
species. Diaptomus graciloides and D. laticeps were the species most
often found together, which is probably due to the spreading of D. lati-
ceps from lakes situated further up in the same water system.

There is a marked relation of dominance within the plankton com-
munity. The species that on any one occasion is found to be dominating
within the Copepoda or Cladocera group seldom represents less than
50 % of all the copepods or cladocerans respectively (Table 7, Fig.
19—31).

In the lakes where Diaptomus dominates over Cyclops, it was always
found to be D. graciloides.

A special investigation of the diurnal migration of some crustaceans has
given results that confirm Cusnhing’s theory of midnight sinking and
dawn rise (Fig. 6—7).

Diaptomus graciloides has two generations in one lake (fig. 9) but is
monocyclic in the other lakes. In the latter lakes the species has its
reproduction period in spring and early summer and probably hiber-
nates as adult but not sexually mature individuals (Fig. 8).

The annual cycle of Diaptomus laticeps shows certain variations. In
some lakes it has its reproduction period in spring, in others in autumn.
Results indicate that the population of one lake may be divided into two
fractions having different annual cycles.

In five of the lakes the population of Cyclops scutifer is divided into two
fractions, one having its reproduction period in spring, the other in
autumn (Fig. 10). In the remaining lakes this dualism is not clearly
marked. In these lakes one fraction is not very prominent and in some
cases it may be questioned whether there is a dualism in the Cyclops
population (Fig. 11).

The parthenogenetical development of Daphnia cristata cristata seems to
begin only at a water temperature of about 8°C, which may be the reason
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for which this cladoceran shows very low quantitative values in the
North-Swedish lakes during summer.

13. From the evidence given by the thirteen lakes there is nothing to indicate
that the crustaceans are more abundant in the zooplankton of a regulated
than an unregulated lake. As regards the copepods there is no marked
difference (Fig. 17 a and 17 b, table 8). In most regulated lakes Daphnia
longispina hyalina as well as Bosmina coregoni show low quantitative
values. It has not been possible to state the reason for this reduction of
the cladocerans, but some possible factors have been discussed (Fig. 18
and table 8).
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night in the thirteen lakes (individuals/m2). In fig. 36 the dashed lines mean
that sampler’s not functioning on the sampling occasion.



PLANCTONIC CRUSTACEA IN NORTHERN SWEDEN

mMm*« |

U’ 6 a A>3 A
0 s'u N w»

$'S <SS o
<

tm_. q_
u3 o

5 ?28% I iih

If -S* P O O > 00
v> c\ r\ N

12

177

Fig. 19.



178 TOM LOTMAKKER



L)

LO

0C <$u>h
5 5FEII/
G$A22wvqglx

PLANCTONIC CRUSTACEA IN NORTHERN SWEDEN

179

Fig. 21.



180

TOM LOTMARKER

Fig. 22.



PLANCTONIC CRUSTACEA IN NORTHERN SWEDEN

181

Fig. 23.



182 TOM LOTMARKER



RENGEN

I
>_I >~

> mym
=0

o)

\%on:

PLANCTONIC CRUSTACEA IN NORTHERN SWEDEN

¢S

%

183

Fig. 25.



STORIJUKTAN

184

TOM LOTMARKER

Fig. 26.



STORSJOUTEN

PLANCTONIC CRUSTACEA IN NORTHERN SWEDEN

185

Fig. 27.



186
Ol
7>
e(g
Ul
N-
f6
N >1
g H T g
o Q' W
52
16 'S
N S @ o
1<</\*
<\

\j*f v oY) N\ G* G

H ’§SJ I
1’) >'SS>S< B2
G .8 T$8g~"TH'S-®

TOM LOTMARKER

¢>

08
<0

Fig. 28.



PLANCTONIC CRUSTACEA IN NORTHERN SWEDEN 187



188 TOM LOTMARKER



OVERUMAN

PLANCTONIC CRUSTACEA IN NORTHERN SWEDEN

o>

189

Fig. 31.



Studies on fish mortality due to passage through turbines

Preliminary report

By Ekik Montén

With the introduction of the first Kaplan turbines European fishery offi-
cials and biologists began to take a serious interest in the injuries to fish
passing through turbines. The first Swedish investigation was carried out by
Alm (1927) with Lawaczeck turbines. Since then the importance of this
question has increased in all countries where the power industry have had
the opportunity to exploit rivers. At the end of the 1940 s preparations began
to be made in Sweden to use the head of rivers more intensively right to the
river mouths.

So far as the river system had source lakes suitable for eel or intact nursery
grounds for salmon and sea trout in the upper regions it was necessary to
investigate the possibilities of smolt and adult eel passing power stations and
reaching the coast alive.

Tests with special experimental turbines 1952—53

In 1952 the author started a series of investigations in order to assess the
mortality of smolt in a large Francis turbine that had been planned. Living
fish were dropped through model turbines, one Kaplan and one Francis, both
installed at Motala Power Station with a head of 14.6 m. The Kaplan runner
had a diameter of 600 cm and 6 vanes and the Francis 675 cm and 18 vanes.
In all about 3,150 fish in 60 different series passed through the turbines and
were recaptured in a funnel shaped net attached to the mouth of the draft
tube. On average 92 % of the fish were recaught in the net. The condition
of the fish before and after the tests was studied and compared with control
groups. Test and control fish were transported by car 900 km from a fish-
rearing plant. During one of the fish transports a stress effect caused solely
by vibrations in the tank was established. The stressed fish showed an
abnormally high mortality (about 70 % more than normal fish). The stress
effect was obviated by changing the tank.

Both turbines were tested under normal runner speed and with varying
gate openings (load). In other series the runner speed also was varied.

All recaptured injured fish were transilluminated or dissected and the
features of interest were sketched and mapped. Internal changes were de-
scribed.
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At the tests at Motala several fish species were used, viz. salmon (Salmo salar
L.), minnow (Phoxinus phoxinus (L.)J, ide (Leuciscus idbarus (L.)), perch
(Perea fluviatilis L.), pike (Esox lucius L.) and sticklebacks (Gasterosteus).
The size of the fish ranged from about 4 cm up to 31 cm.

The author had the opportunity to modify the Francis turbine in such a
way that the clearance between the guide vanes and the edge of the runner
vanes was reduced. In spite of the reduction the interspace still exceeded the
thickness of the fish. The changed interspace had no significant influence on
the mortality.

To study the orientation of the passing fish the vanes of the Kaplan runner
were provided in two tests with sharp knives covering in one test a peripheral
and in the other a central portion of the edges. The material demonstrated
that the longitudinal axes of the fish in a Kaplan turbine are only to a cer-
tain percentage orientated parallel to the stream direction. If the length of the
fishes was twice that of the gate opening, about 50 ®/0 diverged from the
stream direction by less than 20° while the others diverged by from ?00 up
to 60°.

The distribution of the passing fish along the edges of the runner vanes
could be approximately calculated thanks to the possibility of distinguishing
the difference between injuries caused by the knives and those inflicted by the
intact part of the vane edges. There was a slight tendency to a higher density
towards the periphery, possibly caused by an increase of the specific weight
of the fishes in connection with a compression of the air bladder.

Tests with fish and balsa boxes in Francis turbines 1954

In 1954 the author performed some tests in two power stations with a head
of 57 m and 108 m respectively. Both stations had Francis turbines. At these
tests living smolt enclosed in boxes of balsa wood were used, a method
earlier used by Caritin (1949—1951). Fishes taken out from mechanically
undamaged boxes showed on examination no signs of injuries caused by pres-
sure variations or cavitation. Comparative tests with boxes were later made
at Motala and the material was used to work out the hit probability. The
investigations of 1952 1954 are briefly described in the above-mentioned
report (Monten 1955).

Tests in Kaplan turbines with living fish 1960

In 1960 the Swedish State Fishery Board started a series of investigations
with live eels through Kaplan turbines (Svensson 1960—1961). Eight power
stations were tested. The author had the opportunity to collaborate with
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Svensson in these experiments. At two of the plants salmon smolt and some
other types of fish besides eel were put through the turbines.

Sometimes it proves difficult to determine whether a recaptured fish has
been pressed by the turbine runner or by the trapping net. In connection with
these experiments some tests were made in order to demonstrate the influence
of the net on the recaptured fishes: A few minutes in the net generally led
to serious and striking skin injuries. An attempt to find any coherence be-
tween the degree of slipperiness of the fish body and the character of the
mechanical injuries gave no significant result.

The fish material from these experiments was manipulated, checked and
described in the same manner as the material from Motala.

The relative velocity and the relative openings

Both the effect of the collision in itself between fish and runner edge and
the pressure of the water stream against a hit fish increase with the relative
speed of the water (and fish) towards the runner edge. At a load representing
the best exploitation of the water the vane angle (at the edge) for all turbines
is accordant with the direction of the water stream in relation to the vane
(relative stream direction). The radially or axially (Francis or Kaplan respec-
tively) directed velocity of the water is possible to compute for every degree
of the load. Also the absolute runner speed can be reckoned for any point
of the vane edge. The author has so far as possible procured relevant data
from those Swedish turbines in which fish experiments are made. For each
turbine the absolute water velocity has been devided in components directed
tangentially and along the runner vane respectively (the velocity parallelo-
gram). In this manner satisfactory values of the relative velocity and the free
openings between the vanes perpendicular to the relative stream direction
(relative openings) have been calculated. In 1955 the author established that
a decreasing of the load in the Francis turbine at Motala from full to half
load reduced the mortality of salmon fingerlings from 50 °/o to 7.5 %>. There
is a critical range of the relative speed below which there will be no mechan-
ical injuries. From the lower limit up to the upper limit the mortality in-
creases with increasing relative speed, but a further increase of relative
speed in the main only influences the character of the injuries, the mortality
being affected hardly at all. In 1955 the lower limit for salmon parr was
estimated at less than 4 m/sec. The author has since processed a larger body
of material. Diagrams of the critical ranges have been drawn for salmon parr
and eel. The eel tolerates a higher relative speed than do the salmon. The
critical range of the salmon parr is calculated at about 2 1h 3 1A m/sec and

of the eel at about 3 Va—b5 Va m/sec. von Raben (1957) has supposed that
the lower limit of the critical range for eel would lie between 11 and 14 m/sec.
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Of interest for this question are some laboratory experiments started by the
author in 1952 in order to study the effect of the pressure of the water stream
on small fishes in contact with a net screen of metal. The importance of light
for the orientation capacity was also studied. 5 cm minnows (Phoxinus) got
trapped against the screen already at 0.8 m/sec and the speed had to be
reduced to 0.3 m/sec to permit the fish to escape from the screen. Fish pressed
for about 2 min at 1.8 m/sec had serious gill injuries.

The character of the injuries

The whole material of investigated injuries has given a good view of the
way in which injuries arise in turbines. In Kaplan turbines there are some
typical injuries caused by the fish being pressed between the runner blade
and the chamber wall. These examples are more common than corresponds
to the distribution of the entering fish. The fish must have been transported
by the centrifugal force from the moment they had contact with the runner.

A comparison of all injuries was given in 1955. It was established that
every fish species had a typical figure of injuries, determined by the specific
anatomy, structure and resistibility of the species. The parts most exposed
to injury are the brain region, the gills and the fin rays. A typical deep fin
fissure observed on perches in the median plane along the dorsal fin is
caused by the body being crushed against the runner edge under the pressure.

The hit probability

The probability that a fish of a certain kind and size will be hit by the
vane edge is mainly determined by the relative openings between the runner
vanes and the average extent of the fish in a direction perpendicular to the
vane areas and the relative water stream. This extent of the fish is determined
both by chance and by the stream conditions at the wicket-gate apparatus.
In the light of the results at Motala the average projected length is calculated
for different legth classes of the fish species used. In so far as the turbine
has bigger relative openings than the absolute length of the fish the hit-
percentage curve will correspond to the relationship between the opening
and the above-mentioned calculated length. However, in the range where the
opening is the same as the total length of the fish the curve begins to
assume a more asymptotic shape with regard to the shorter projections. One
hundred per cent hit will be reached at a point where the opening roughly
corresponds to the thickness of the fish.

Even with a relative speed above the critical range the mortality does not
directly depend on the projected total length but on the projected vulnerable
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part of the fish. Considering the distribution of the injuries the vulnerable
length has been estimated (especially for young salmon and adult eel) for
relative velocities above the critical range. A smolt of 145 cm total length
and an eel of 73.5 cm generally correspond to an average projected vulner-
able length of 7—8 cm and 48 cm respectively.

Comparison between computed and practical results

The theoretical computed values have been compared with the author’s
and other published practical results. In particular the mortality values
given in the older literature have been critically examined. For each fish
species all values have been corrected to the same length and to a load cor-
responding to the same efficiency of the turbine. A very satisfactory agree-
ment between these values and the theoretical values computed with regard
to the hit probability and the relative speed has been established for all
Kaplan (and Lawaczeck) turbines and for Francis turbines with low or
moderate head. In regard to high-head turbines and turbines with the runner
centre 4—5 m or more above the tail water level it is necessary — as has
been shown in the U.S.A. (von Gunten, Cramer and Oligher 1960—63) —
to count, especially in operations below and above the range of maximum
efficiency, with an additional mortality caused by extra pressure changes in
the cavitation regions.

The material collected or processed by the author will be exhaustively
presented and illustrated with diagrams in a future issue of this publication.
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The occurrence of terrestrial insects on the surface
of two lakes in northern Sweden
(Ankarvattnet and Blasjon)

By Ake Norlin

Institute of Zoology, Entomological Department, Uppsala

Introduction

Extensive investigations carried out with regard to changed feeding habits
of fishes in connection with artificial water level fluctuations have shown,
among other things, the increased importance of terrestrial insects as food
for fish in regulated lakes (Nilsson 1961).

Large temporary accumulations of such insects are often referred to in the
daily press as a “rain of insects”, and minor notes on such occurrences also
find their way into the entomological journals.

The phenomenon as such has been studied by entomologists from the point
of view of dispersal ecology. In this connection the term “anemohydro-
chorous spreading of insects” has been created. This phenomenon has been
exhaustively studied by Palmén (1944). Palm (1933, 1949) has observed
cases of such spreading of insects in the Swedish lakes Vattern and Torne
Tréask.

The aim of the present investigation has been to find out the main com-
ponents and the origin of the terrestrial insect fauna appearing on the surface
of some north Swedish lakes.

Methods

During the summer of 1962 the field work was located at the neighbouring
lakes of Blasjon and Ankarvattnet in Jamtland, northern Sweden. The dis-
tance between the lakes is about 3 km. The climate and the physico-chemical
properties of the waters are closely similar (Grimas 1961). In Lake Blasjon
a water-level regulation for hydro-electric purposes took place in 1947.

In both lakes the sampling was carried out mainly at two fixed stations.
These were situated along the western shores of the lakes and exposed to
the dominant directions of the wind, where the greatest accumulations of
drifted animals could be expected. In Lake Blasjon one of the stations was
situated outside a cultivated area (B 1), while the other was adjacent to an
area covered with conifers (B 2). The latter also applied to one station in
Ankarvattnet (A 2), while the other bordered on to a region with birch, alder,
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and a rich ground flora (Al). In addition to this, random samples were
taken in the open water and at different parts of the shore of both lakes.

In order to permit comparison of material from different localities, the
samples were collected from the surface of the water immediately off the
shoreline. Collecting was carried out with a long-handled net with square
frame, the sides of which were one third of a metre long. The bag was made
of fine-mesh nylon tulle. This net was moved once over a measured distance of
100 metres for every quantitative sampling.

In addition to the sampling in the water surface, samples were collected
with a sweeping net in the surrounding shore biotopes.

Material

The material collected from the water surface amounts to 100 samples with
altogether 3,267 insects distributed over 11 orders. The material from shore
biotopes is of about the same magnitude.

Table 1 shows the total distribution of animals over different orders and
the percentage formed by each order in the number of the total catch. This
table also includes a factor of constancy, i.e. the percentage among all
samples of those containing a certain group of species (cf. Tischier 1949,
p. 8, Odum 1960, p. 382). All insects caught in the net were reported, in-
cluding those who have their natural environment in the water surface or
pass through it after their larval development within the lake. For this reason
the latter constitute a large percentage of the catch, especially among the
Diptera. Their inclusion is due to the desire to give a comprehensive picture
of the composition of what is here called the surface fauna. Thus the surface
fauna is considered to consist partly of animals that are involuntarily retained
by the surface tension and are carried passively by winds and currents, and

Table 1. Total distribution over different orders of insects collected from the
surface of Lakes Blasjon and Ankarvattnet in 1962.

Factor of Number of Percentage of the

constancy animals total number
Collembola ... 12 12 0.37
Ephemeroptera 12 42 129
Plecoptera ... 15 34 1)04
Psocoptera .. 6 16 0.49
Hemiptera 60 334 10722
Coleoptera ......eeenieninenineenn. 65 328 10.04
Hymenoptera ... 79 775 23.72
Trichoptera 19 23 0.70
Lepidoptera 19 24 0.73
Mecoptera 1 1 0.03

Diptera ..., 91 1,678 5L36
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Table 2. Families of insects occurring on the surface of Lake Blasjon between

Hemiptera

Coleoptera

AKE NORLIN

June 14 and October 13, 1962.

Regular

Euscelidae
Aphididae

Staphylinidae
Cantharidae

Occasional

Heteroptera sp.
Araeopidae
Cercopidae

Carabidae
Dytiscidae
Scarabaeidae
Hydrophilidae

Typhlocybidae
Psyllidae

Coccinellidae
Byrrhidae
Elateridae
Chrysomelidae

Liodidae Cerambycidae
Nitidulidae Curculionidae
Erotylidae Scolytidae
Colytidae
Hymenoptera Ichneumonidae Tenthredinidae Cynipidae
Braconidae Pamphilidae Formicidae
Chalcididae Proctotrupidae
Diptera Tipulidae Anisopodidae Pipunculidae
Chironomidae Psychodidae Syrphidae
Bibionidae Ceratopogonidae Psilidae
Mycetophilidae Simulidae Platystomidae
Empididae Scatopsidae Trypetidae
Phoridae Cecidomyiidae Sepsidae

Lauxaniidae
Agromyzidae
Ephydridae
Muscidae

Sciomyzidae
Helomyzidae
Borboridae
Chloropidae
Calliphoridae

Stratiomyiidae
Rhagionidae
Tabanidae
Asilidae
Dolichopodidae

partly of the neuston (cf. Oaum 1960 p. 295) which have their natural
environment on the surface. The former part of the surface fauna is here
called “drifting fauna” (cf. Rapoport and Sanchez 1963 p. 98).

The factors of constancy show that the orders represented can be divided
into two groups. Collembola, Ephemeroptera, Plecoptera, Psocoptera, Tri-
choptera, Lepidoptera, and Mecoptera exhibit constancies below 20 per cent,
while the orders Hemiptera (including Heteroptera and Homoptera), Coleop-
tera, Hymenoptera, and Diptera have constancies of 60 per cent or more.
Since the four last-mentioned orders furthermore represent 95 per cent of the
total number of the catch, there are good reasons for disregarding the first-
named group for the time being.

The four orders treated have been classified to the family level. This classi-
fication is summarized in Table 2, where also a division has been carried out
into regularly- and occasionally-appearing families. Families which have
constancy greater than 20 per cent and which form more than 2 per cent of
the total material have been regarded as regularly-appearing. This limit is of
course open to discussion, but in practice leads to a selection of the most
important groups.
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Results

Table 3 gives a comparison between the dominating families of insects
found in stomach contents of fishes investigated by Niisson (1955, 1961),
and the occurrence of these families on the water surface of Lake Blasjon
in 1962. There is a good correspondence between the compared material. All
the insect groups mentioned as dominating by Niitsson are found within the
four most frequent orders of insects dealt with in this investigation. An
exception is Oporinici autumnata. This species of Lepidoptera occurred in
1954 in very great masses and then periodically formed a dominating part of
the fish food, while in 1962 this species occurred very sparsely. A few
families, especially within the Diptera, with regular occurrence in the mate-
rial of the present investigation, are not mentioned by Niitsson. This seems
to be due to the fact that Nii1sson has not classified parts of his material to
family level, but has reported it under headings of higher systematic rank,
e.g. Diptera sp.

Among the families that regularly appear in the collected material we find
several which on account of their biology are directly linked with the water,
viz. Tipulidae, Ghironomidae and types of Empididae and Ephydridae. These
have, therefore, strictly speaking, no place within the frame of this investiga-
tion, but when my attention had been directed to the occurrence of the fam.

Table 3. Dominating groups of insects caught by fish 1948. -49, -54, -56 and
-59 compared with the occurrence of the same groups on the water surface
in 1962; (Reg=regular, Occ = occasional).

. Occurrence

Caught by fish 1962

Hemiptera Aphididae Reg
Psyllidae Occ

Jassidae No

Coleoptern Carabidae Occ
Staphylinidae Reg

Scarabaeidae Occ

Ipidae No

Cantharidae Reg

Elateridae Occ

Chrysomelidae Occ

Hymenoptera  Tenthredinidae Occ
Ichneumonidae Reg

Cynipidae Occ

Formicidae Occ

Apidae No

Diptera Bibionidae Reg
Mycetophilidae Reg

Phoridae Reg

Lepidoptera Oporinia autumnata Occ
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Tipulidae (Grimas 1961), | noticed an obvious difference between the in-
vestigated lakes.

Number of collected Constancy

Tipulidae per cent
BI&SiON, Station 1 ..c.coocoeeeeeeeeeeeeeeeeeeniseenn. 26 46
» 2 31 44
Ankarvattnet,station 1 ... 1 7
o 2 0 0

A rich occurrence of tipulids was observed within the regulated zone not
only in Lake Blasjon but also in the regulated arctic Lake Semmingsjon, east
of Blasjon. It seems that a periodic exposure of large areas of the bottom of
the lakes favours the production of these animals.

Among the purely terrestrial groups in the material, many have proved to
have their most important natural habitat in regions with deciduous forest
and rich vegetation of herbs, fewer of them in regions with coniferous forest.
This can be exemplified by types among the families Euscelidae, Aphididae,
Cantharidae, Chalcididae, Bibionidae, Agromyzidae, and Muscidae.

In principle the lakes receive their supply of drifting material in two ways,
viz. partly by the downfall of insects floating high up in the air, so-called
“aerial plankton” (cf. Arree et al. 1950, p. 148), partly by downfall of insects
dispersing from neighbouring shores. The mass of insects floating in the air
can occasionally be considerable (Aniee et al. 1950, p. 150). Under certain
meteorological conditions fallen aerial plankton will certainly form a con-
siderable proportion of the mass of drifting fauna. This is the case, e.g., in
certain noticed instances of a “rain of insects” (Parm 1933, 1949). During this
investigation there was no occurrence on the water surface of such large
numbers of insects as to justify one in speaking of a “rain of insects”.

With the aim of forming an idea about the importance of different modes
of supply, samplings were carried out at different distances from the shore.
On these occasions there was only a very slight wind or none at all. As an
example the results of July 30, 1962, are given. The volumes have been
obtained by measurement with a burette graduated in 0.05 ml.

Volume of Numbers of Numbers of

Distance catch families individuals
0—100 m from shore 0.45 ml 19 60
2 300 0.10 ml 8 11
4 500 ” 0.05 ml 7 9

Similar results were obtained on other occasions. This indicates that the
greater part of the drifting fauna under the conditions mentioned descends
onto the water surface from the surrounding shores.
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Table 4. Samplings at the fixed stations in Lakes Blasjon and Ankarvattnet
June 14—August 13, 1962.

Number
Number Number Number of indi- Con-
Station of of pos. of indi- viduals stanc
samples samples viduals per Y
sample

Hemiptera B 1 11 8 58 5.3 73
B2 10 6 72 7.2 60

B 1 and 2 21 14 130 6.2 67

Al 14 6 24 17 43

A2 13 7 24 1.8 54

Al and 2 27 13 48 1.8 48

Coleoptera B1 11 8 68 6.2 73
B2 10 8 83 8.3 80

B 1 and 2 21 16 151 7.2 76

Al 14 10 28 2.0 71

A2 13 6 12 0.9 46

Al and 2 27 16 40 15 59

Hymenoptera B1 11 10 118 10.7 91
B2 10 9 157 15.7 90

Bl and 2 21 19 275 131 90

Al 14 9 47 34 64

A2 13 10 119 9.2 77

Al and 2 27 19 166 7.9 70

Diptera B1 11 11 206 18.7 100
B2 10 8 274 27.4 80

Bl and 2 21 19 480 229 90

Al 14 11 72 5.1 79

A2 13 11 89 6.8 85

Al and 2 27 22 161 6.0 81

The column “Number of pos. (positive) samples” indicates how many times animals of
the order in question occurred in samples.

The stations in Lake Blasjon are denoted by the symbols B 1 and B 2, those in Ankar-
vattnet by A1 and A 2.

Table 5. Samplings at the fixed stations in Lake Blasjon
June 14—October 13, 1962.

Number
Number Number Number of indi- Con-
Stations of of pos. of indi- viduals stanc
samples samples viduals per 4
sample
Hemiptera B1 26 16 79 3.0 62
B2 25 15 140 5.6 60
Coleoptera B 1 26 17 84 3.2 65
B2 25 18 123 4.9 72
Hymenoptera B 1 26 22 181 7.0 85
B2 25 22 287 115 88
Diptera B1 26 26 701 27.0 100
B2 25 23 676 27.0 92
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Tables 4 and 5 contain an account of samplings at the fixed stations in
Lakes Blasjon and Ankarvattnet, and of the numbers of caught animals
belonging to the four main orders. The numbers expressing constancy and
the ratio individuals per sample can serve for a comparison between the
lakes and between their respective stations. Owing to the fact that in Ankar-
vattnet the sampling was terminated on August 13, while in Bl&sjon it con-
tinued to October 13, the results are presented in two tables in order to
make possible a comparison of the figures. Thus Table 4 comprises both
Blasjon and Ankarvattnet for the period June 14—August 13, while Table 5
covers the two stations in Lake Blasjon during the entire sampling period
from June 14 to October 13.

Differences between the lakes

Table 4 shows that Lake Ankarvattnet is inferior to Lake Blasjon especially
with regard to the ratio individuals per sample, but also with regard to con-
stancy. In spite of the many similarities between the lakes (Grimas 1961)
some differences that are of importance for the present results can be pointed
to, quite apart from the fact that Lake Blasjon has been affected by water-
level regulation for about 15 years:

1. Lake Blasjon covers 39.96 km2, while the area of Lake Ankarvattnet
is only 9.34 km2. Lake Blésjon therefore receives a greater number of wind-
driven insects than does Ankarvattnet, probably both by the downfall of insects
floating high up in the air and by emigration from the shores. The drift
gathered in this way in the water surface is not stationary, but is assembled by
the wind in relatively narrow drift lines off the wind-exposed shore. Sampling
at the stations along these shores therefore gives a greater total catch in
Blasjon and produces the impression that the surface of this lake contains
a greater number of terrestrial insects per area than does Ankarvattnet.

2. There is a difference in “gathering capacity” between the shores at the
fixed stations in the lakes. The term “gathering capacity” is used for the
ability of a stretch of shore to retain drifting material outside it. This ability
is conditioned by currents and wind directions, and also by the configuration
of the shoreline. Part of the material cast upon a flat shore is hidden among
stones and non-animal drift and a large proportion of the drifted fauna can
also take to their wings as soon as they have become dry. Off steep shores,
on the other hand, the animals are retained until they sink. Small bays and
creeks of comparatively unruffled water often contain great masses of
drifting material. Incoming water continuously brings along additional mate-
rial which accumulates on the water surface and is not driven below it or
carried away again by countercurrents.

The western shore of Lake Blasjon is much steeper than that of Ankar-
vattnet. Thus the stations of Lake Blasjon have greater gathering capacity
than those of Ankarvattnet.
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Land

Wafer

Diagram comparing the distribution over the main orders of the material collected during
July 1962 at stations B 1 and B 2, and corresponding shore biotopes.

Consequently the differences in the gathering area and gathering capacity
of the two lakes may explain why the mass of drifting fauna sampled from
Lake Blasjon is greater than that from Lake Ankarvattnet. It can, however,
be considered essential that the actual difference in content of this material
does not indicate any difference to the disadvantage of the regulated lake.

Differences between the fixed stations

At the two stations in Lake Blasjon the differences between the figures for
individuals per sample and for constancy may be covered by random varia-
tions (Table 5). The stations are similar with regard to gathering capacity
and to the area of the water surface from which they have received their
drifting material. Station B 1 is, however, situated outside a cultivated area,
while station B 2 is adjacent to an area covered with conifers. If most of the
insects in the water surface have descended onto it from the neighbouring
shores (cf. p. 200), there ought to be a great similarity between the specific
composition of the insect fauna on the stations and the corresponding shore
biotopes.
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Diagram p. 203 gives a comparison of the distribution over the main orders
of the material collected during July 1962 at the stations B 1 and B 2, and
the shore biotopes bordering on these stations.

There is obviously a good correspondence between the distribution of these
orders on the two stations in water, whereas the correspondence in the
material from the two biotopes on the shore is not so good. Unexpectedly the
agreement is less good on comparison between the shore biotope and
the water surface at the respective stations. A study of the composition
of families within the orders reveals that some families have a good cor-
respondence between their occurrence on land and water respectively, e.g.
Empididae, Agromyzidae, Muscidne and Cantharidae. On the other hand
the fam. Bibionidae, e.g., constituted 25 per cent of the material from the
shore at station B 2 during the period mentioned above, while the cor-
responding percentage in the material from the water surface was 5. The
group Parasitica, mostly small specimens, constituted during this time 28.0
(B 1) and 17.5 (B 2) per cent, respectively, of the insects on the water surface,
but only 3.2 and 6.0 per cent respectively of those on the shores. Similar were
the conditions among, for instance, the tarns. Staphylinidae and Tenthre-
dinidae.

It is obvious that the similarities that ought to be found between the insect
fauna in the water surface and the shore biotope at the same station and the
difference that ought to exist between stations in the water owing to different
bordering shore biotopes have been overshadowed by some other factors
determining the distribution of drifting fauna.

One of these factors might be the downfall of aerial plankton. The rather
frequent occurrence of, for instance, small Parasitica indicates that this
factor is of a certain importance. Of greater importance is the mobility of
the surface fauna. As soon as a slight wind rises, the fauna is gathered in
stripes and carried towards the exposed shore. According to calculations by
Biglow and Edmondsscn (1947), the speed of movement of the surface
water amounts to about two per cent of the existing velocity of the wind. The
drift which rises above the surface and thus also catches the wind must move
at at least the same speed. Since Blasjon is about 8 km across at its widest
point, the foregoing implies that at a wind velocity of 5 m/sec the drift can
be carried from one shore to the other in less than 24 hours. In consequence
of this, sampling on leeward shores always gave a very poor catch of drifting
insects.

Finally, it can be said that the particular form of fish food discussed here
seems to spread onto the water surface of the lake from different parts of
the shore in a similar degree. This mass of floating insects, however, accu-
mulates rather quickly against the windward shore. In part this drifting
fauna is cast upon the shores and is then no longer available as fish food,
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but considerable portions of it are carried to steep parts of the shore with
great gathering capacity where it is retained outside the shoreline, available
for the fish for a fairly long period.

Summary

1. In the summer of 1962 the appearance of terrestrial insects on the water
surface was examined in Lakes Blasjon and Ankarvattnet in northern
Sweden. The collected material, consisting of 3,267 insects distributed
over 11 orders, was classified to the family level.

2. The order Diptera, followed by the orders Hymenoptera, Heteroptera, and
Coleoptera, dominated the material.

3. Most of the drifting fauna on the surfaces of the lakes is probably derived
from the surrounding shore regions and only to a smaller degree by the
downfall of “aerial plankton”.

4. Existing differences between the examined lakes are presumed to depend
on differences in the areas of the lakes and in the gathering capacity of
the shores.

5. Sampling off shores with different kinds of vegetation showed very small
differences owing to the fairly fast transport and mixing of the drift on
the whole water surface.
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Influence of low temperature on the blood lactate level in
Salvelinus fontinalis after exercise

By Curt Wendt
Institute of Zoophysiology, University of Gothenburg, Sweden

Several authors have showed that hard muscular exercise in fish results in
a marked rise in blood lactate (Secondat and Diaz, 1942; Black, 1955,
1957 a, b, c; Nakatani, 1957; Parker and Black, 1959; Heath and Prit-
chard, 1962). In mammals also there is an increase in blood lactate after
hard exercise (Bang, 1936; Andersen et ah, 1960). There is, however, a dif-
ference of great interest between mammals and fish. In mammals resting
level is again reached 60—90 minutes after exercise (Bang, 1936; Andersen
et ah, 1960) but in fish the changes are much slower and the pre-exercise
level is seldom reached until the 8th—24th hour of recovery (Black, 1957
a, b, ¢; Black et ah, 1959, 1960).

The present experiments were undertaken to obtain data on the influence
of low temperature on the accumulation and disappearance of lactate in fish
blood after exercise and are included in a larger investigation concerning
a wide range of temperatures. Although different workers have investigated
the lactate accumulation at different temperatures (Black, 1955, 1957 a, b, c;
Nakatani, 1957; Parker and Black, 1959; Heath and Pritchard, 1962),
a systematic investigation of the temperature effect covering the whole range
from 0—20°C is still lacking.

Material and methods

Speckled trout, Salvelinus fontinalis, were obtained from a local hatchery,
1- year-old during spring 1962, 1 Wyear-old during autumn 1962 and
2- year-old during winter 1963. All were from the same hatching. They were
kept in aquariums (400 1) in dechlorinated running tap water for at least
3 weeks before using and were fed horse liver each afternoon except on the
day of the experiment.

The exercise was carried out by chasing the fish for 15 minutes in a plastic
trough filled with dechlorinated running tap water. The recovery took place
in a “respirometer”, through which the water was circulating and where air
and water were mixed in a mixing chamber. The apparatus, mounted on a
“Perspex” plate was immersed in a thermostatically controlled waterbath
(£0.5°C). Thus exercise and recovery took place in different containers. The
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transfer took a minimum of time (about 5 sec.), and there was the same
quality of water in both containers. Blood was drawn from the heart of the
lightly anaesthetized fish into a heparin-rinsed syringe. The anaesthetic used
was a 1 : 12000 solution of M.S. 222 (tricaine methanesulphonate, Sandoz).
This anaesthetic is not entirely satisfactory as it may cause circulatory and
respiratory changes (Randall, 1962), but in this case the anaesthetizing
never took more than 90 sec., and permitted handling with a minimum of
struggling. The time required to obtain the blood sample was from 30 to 120
seconds. Groups of fishes were blood-sampled after exercise and at different
times during recovery. Blood was taken only once from each fish. In 1962
lactate content was estimated according to Barker-Summerson (Colowick
and Kaplan, 1957) and in 1963 according to a modified microdiffusion
method (Conway, 1957; Scholander and Bradstreet, 1962). A com-
parison revealed no difference between the results of the two methods. The
latter method is to be preferred because it requires only very small blood
samples (down to 5 mma3) and is not so time-consuming.

A modified Winkler method was used for the estimation of dissolved
oxygen (Krogh, 1935). The pH was measured potentiometrically with glass
electrodes.

Results

A. Behaviour during exercise
Temp. 15°C. Spring 1962.

All the fish were considered to be in an “unexercised” condition before
exercise. After 3—5 minutes of exercise the first sign of fatigue was seen.
The fishes were no longer swimming away from the source of stimulation.
If permitted, they would stop swimming and rest on the bottom, usually in
the darkest corner. At the end of the exercise the fishes, almost without excep-
tion, were exhausted. They lay motionless in the hand.

Temp. 5°C. Winter 1963.
The same behaviour was seen as is described above. (The impression was

gamed, however, that for seasonal reasons, because they were winter animals,
and/or owing to the low temperature the fish were inactive and not fully

exhausted by exercise.)

B. Influence of low temperature (5°C) on the accumulation
of blood lactate

As seen in Table | the obtained values were low compared with those at
15°C, (Table Il), and there was no marked rise in blood lactate during

recovery. A few experiments performed at a temperature of 11.5°C (02-satu-
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Table I. Changes in blood lactate in mature Salvelinus fontinalis after 15
minutes’ strenuous exercise and during 4 hours of recovery. Temp. 5 C,
Os-saturation 83—100 %, pH 7.1—7.5. Time of the year: Feb., March 1963.

Exercise Recovery
15 min. 1 hour 2 hours 4 hours
Number of animals (n) .... 5 5 5 5
Body
Weight (grams)
Mean + S.D....ccccoocnnienirnnns 193 +54 152 +18 151 £10 152 +23
_ 122—243 131—172 141—167 117—179
Blood
lactate (mg °/o)
Mean + S.D.....cccoevvervcninins N 28 +3 34 £13 35+10 3114
RANGE oo _ 21—36 19—52 24—51 13—61

Table Il. Changes in blood lactate in immature Salvelinus fontinalis after 15
minutes’ strenuous exercise and after 2 hours of recovery. Temp. 15 C,
02-saturation 85—98 °/o. Time of the year: May, June 1962. Total number of

] A /S(X—X)2
animals: 9. S D=y n_"

Exercise Recovery
15 min. 2 hours
5 4
Body
Weight (grams)
Mean £ S.D.....cccooevvereeereneeeenn. 23 +8 26 £6
RANGE oo 19—37 18—33
Blood
lactate (mg %>)
Mean £ S.D.....coooerrveiierrreenrrrnnnn 68 +21 118 +36
RANGE  oovveeeeeeeeveeeeeeeeeeeesee 36—82 98—166

ration 80—95 %>, pH 7.1—7.4) during autumn 1962 on not quite mature
1 Vs-year-old speckled trout (weight 143 £10 g) gave the mean value 109 +5

mg % (n=5; range 104—114) after 2 hours of recovery.
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Discussion

gA marked finding was that the lactate level was low after exercise at
5°C. According to Black (1957 a) there was no difference in blood lactate

level of yearling Kamloops trout after 15 minutes' vigorous exercise at 11.5°C
and 20°G respectively. In the latter case the trout were acclimatized to 20°C.
In the experiments here reported the seasonal variations in temperature were
used. A contusing fact is that the low blood lactate level is obtained from fish
m a mature stage, the higher lactate levels were obtained from fish in imma-
ture and not quite mature stages respectively. Black et al., (1960) showed
that after exercise of wild mature spawning Kamloops trout the blood lactate
level was lower than the levels obtained in 1 Vz-year-old and 2-year-old
hatchery-reared trout. In the present experiments, however, the three sets of
fishes were from the same hatching, and diet, way of feeding and sampling
time were the same in all instances. Unfortunately there was no opportunity
to determine the level of muscle glycogen before and after the different
experiments, because the fish were kept alive after blood sampling.

Further experiments require that the exercise shall be standardized and the
fish be exercised to fatigue and recovered in the same container, keeping pH
and contents of 02 and CO02 under exact control (Bazu, 1959). Other factors
that have to be considered are age, sexual maturity, diet and physicaltraining
(Minner et al., 1959 and Hochachka, 1961).
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