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Relations between the benthic faunna and two species of trout in

some small Finnish lakes treated with rotenone

PeExkAa TuvunNnaAINEN!?

TUUNAINEN, P, 1970; Relations between the benthic fauna and two species of
trout in some small Finnish lakes treated with rotenone, — Ann., Zool, Fennici 7:
67 — 120.

The influence of some physical, chemical and biotic factors upon the growth and
survival of brown trout (Salnie irufta L.) and rainbow trout (S. gairdneri Richardson)}
introduced inte nine small lakes in southern and ceniral Finland is deseribed. The
lakes had been treated with rotenone before being stocked with trout. Attention was
especially paid to the interrelations hetween the fish and the benthic fauna, the selec-
tive feeding of the fish, and the biological productivity of the benthi¢ fauna and fish
populations.

¥n most respects the lakes were found to be suitable habitats for trout. Scarcity
of food and the small size of the food organisms were the most important factors lim-
iting the growth of the fish. The fish stock had a considerable influence upon the
abundance of the benthic fauna. Clear selective feeding was observed; animals living
on submerged vegetation as well as freely in water were preferred to benthic organisms.
Factors affecting the prodoetivity of the benthic fauna and fish stock are discussed

in detail.
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I. Introduction

The aim of this study was to ascertain the
habitat requirements, growth, food, and mortal-
ity of brown trout (Salme trutia) and rainbow
trout (S. gairdneri) reared in small lakes that
had been treated with rotenone. Attention was

1 Present address: Hydrobiological Research Institute,
Jyviaskyld, Finland

also paid to interspecific competition between
the fish, the interrelationships beween the fish
and the benthie fauna, and the productivity of
the lakes.

After the establishment of Evo fish hatchery in 1892,
brown trout were introduced into numerous small waters in
the Evo district. Eggs of rainbow trout were obtained by
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the hatehery for the first time from Germany in 1897, and fry
and older fish were released into small lakes and ponds (Bro-~
FELDT 1920). Ericsson (1904) reported that rainbow trout
11 — 25 cm long were caught in the Majakoski rapids, in (he
Evo district, in the autumn of 1964. In Valkea-Mustajiirvi,
a lake without any outlet, they grew to considerable size,
the largest being 33 —35cm long and 300 -400 g (Bro-
FELDT 1920). From the other lakes they migrated when
they grew larger. These experiments revealed that the rain-
bow troul is able te live in the pools of hatcheries and may in
some cases be suited to natural waters as well.

Attempts were also made to introduce rainbow trout into
some of the larger watercourses. Near Savonlinna, a rainbow
trout weighing 3.8 kg was eaught, which probably originated
from one of these introductions (H-o 1908, SUOMALAINEN
1909).

Similar introductions were made elsewhere in Europe. In
Yugoslavia (MrSiE 1935) and Austria (NERESHEIMER 1937)
stocks of rainbow trout are known to have reproduced in
natural watercourses. In England such stocks have also been
chserved (WoRTHINGTON 1940, 1941). The northernmost
European stock of the rainbow trout which has been observed
to reproduce in natural watercourses js in Angermanland,
Sweden (TAGsTROM 1958).

Not until recently has attention again been paid to the
possibility of growing salmonids in small Finnish lakes and
ponds (HaLME 1982, 1963, TolvoNeEN 1962, 1964). Attempts
have been made to kill the natural fish stocks in some lakes
by exploding charges, and brown tront were then released in
them (DaBLsSTROM 1964), but the original fish stocks were
not completely exterminated. A newer method for getting rid
of the original fish population is to use rotenone. Rotenone
has been used for killing fish in North Amerieca, but only on
a large scale during the past twenty years (Svirpson 1955,
AvvouisT 1959, OBERG 1964). In Finland the first rotenone
treatment was carried out in 1960 on Ulpasjarvi, Piela-
vesi, The rotenone emulsion used here was a Swedish prep-
aration (25 g rotenone + 25 g sulphoxide + 50 g other cube
extracts per litre} (Suomen Kalastusyhdistys 1961, Toi-
voNEN 1962). In 1961 a small lake was treated in Ahve-
nanmaa (WIKGREN 1963) and in the years 1982 — 1967
several treatments were performed (cf. ToIvoxen 1962,
1964), Nowadays over a hundred lakes have been treated
with rotenone in Finland by the Bureau of Fisheries Investi-
gation, Board of Agriculture, and others.

The ecology of brown trout and rainbow trout in lakes
treated with rotenone has already been investigated in
Sweden and Ireland (e. g. NinssoNn & Svinpsow 1962,
O'RiorpaN & KENNEDY 1964).

There i3 a veluminous literature dealing with the toxic

elflects of rotenone on plankton, hottom animals and fish
(e.g. DanmErs 1905, ScHEURING & HRUSCGEMANN 1935,
HaMmirron 1941, SMita 1941, BRown & Barn 1943, Krum-
HOLZ 1948, BERziNs 1958, 1961, ArmouisT 1959, Suomen
Kalastusyhdistys 1961, TorvoxeN 1962, 1964, {BERG 1064),
Rotenone is a substance that dissolves readily in organic
solvents but weakly in water. Its solnbilily in fats is of
great physiological importance, because this property
enables it to enter the cells easily and quickly (OBERG
1964).

In Sweden experiments have shown that humus and layers
of slndge adsorb rotenone and render it ineffective (BERZINS
1958, LINngrEN 1960). Oxygen from the photosynthesis of
aquatic planis also inactivates rotenone. According to LiND-
GREN (1960), a micro-gradient of oxyden near the bottom
and the presence of aquatic plants Increase the chances that
many animals will survive,

The fish may escape rotenone if protected by aquatic
plants (Svirnson 1955, ENros & MoLIN 1956).

For various groups and species of plankton and bottom
animals the lethal doses are very different hecause the toxic
effects of rotenone depend on so many different factors, such
as composition of the preparation, pH, temperature, presence
of organic substances (e.g. humus), density of plankton, the
nature 0f the bottom, and the aquatic vegetation (e.g. OrERG
1956, BERzins 1058, ArmouisT 1059, LINDGREN 1960). A
very commonly used concentration of rotenone, 0.6 — 0.6 mg/l,
kills the zooplankton almost completely and a great number
of bottom animals and phytoplankton (ArmouisT 1959), The
most reslstant groups of zooplankton are Rotatoria and
Ciliata, but the mortality of the species varies very much
even within the same genus.

A renewal of phytoplankton begins a few weeks after
treatment but the renmewal of zooplankton usually takes
114 -3 (5) months (ALmguisT 1959, BERZINS 1963).

rONczi (1964) made a theoretical study of the influences
of rotenone on food chains of fish and concluded that the
sclective toxic effect of rotenone piays an iwporlant role in
the development of predator-prey relationships after poi-
soning,

Benthic animals, among which the destruction was not
total, reached equilibrium a few months after the treatment
(BERzINS 1958). In many cases the most resistant species
reproduce at a very high rate after poisoning, This is the
situation, for example, In Oligochaeta (HoorEr 1948,
CusamNg & OLIvE 1956), Amphipoda and Gastropoda
(SmrTe 1941). When the ecosystem of a lake attains a
halanced state after poisoning, the numbers of specimens of
the groups mentjoned above decrease again and remain at
normat levels (LINDGREN 1960, LELLAX 1965).

II. Methods and technique

1. Chemical and physical samples

A vertical series of water samples were taken by the
Bureau of Fisheries Investigation, Board of Agriculture, and
local agricultural societies from the lakes treated in the years
1960 and 1962 (Fig. 1). They were taken with a Ruttner
sampler (ef, KAARTOTIE & RYBANEN 1957) from the deepest
part of the lake. Samples were collected on 102 different
dates. Temperature, pH, oxygen content, and usually
conductivity as well, were determined in the ficld. Other
analyses were carried out in the lahoratory.

Temperature was read instantaneously to the nearest
(.1 °C from a mercury thermometer mounted in the sampler.

pPH was determined with a pH meter Radiometer Model
PHM 24,

Electrolytic conduetivity (x ,,) was determined with a
Normameter conductivity-measuring bridge. Results are
given as uS.

The colour of the water was determined with o Hellige
comparator and the data are given as Pt mg/l.

Transparency was measured by nsing the white lid of the
Ruttner sampler,
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Fig. 1. Location ol the lakes studied. 1 = Sahalampi,

2 = Ahvenlampi, 3 = Pien-Valkealampi, 4 — Julkujiirvi,

5 = Satimuslampi, 6 = Sdrkilampi, 7 = Ulpasjérvi, 8 =
Langviken, 9 = Kivi-Ahveroinen,

The amount of dissolved oxygen was determined by
Winkler's method. The results are expressed as O, mg/l
and O, %.

KMnQ, consumption was titrated from 100 ml of water
by a standard method.

Alkalinity was titrated with 0.1 N HCl, with methyl
orange a5 indicator. The results are expressed as mval/l,

Total hardness was determined by titration by the com-
plexon method. The results are expressed as °dil-

The concentration of Fe salts was determined colori-
metrically from an unfiltered sample with a rodanide method.
The results are expressed as Fe mg/L.

The physical and chemical analyses were carried out
according to instructions given by Gesellschaft Deutscher
Chemiker {1960) and Elintarviketutkijain seura r.y. (1962).

2, Sampling of plankton, benthic fauna, fish,
and fish food

Plankton samples were collected as a vertical
series (two samples per m) with a Ruttner
sampler and filtered through a 50 g mesh sieving
apparatus constructed by T. Nissinen (Fig. 2).
From the sieving bottle the sample was washed
into a 200 ml bottle and preserved in 5 9; forma-
lin. For counting, the 200 ml sample was filtered
through a 25 g mesh filter and then put into a
bowl with a small amount of glycerin and a
lattice of lines on the bottom (cf. PuRASJOKI
1958).

Fig. 2. Sieving apparatus for filtration of plankton samples.

Design by fishery biologist T. Nissinen. 1 — plastic pail,

2 =. brass socket, 3 = plastic tube, 4 = plastic bottle
(detachable), 5 = plankton net (50 ).

A total of 898 hottom samples (24.» m?¥) were
collected with an Ekman - Birge grab 1/36 m?
in area; as a rule, 6 (1 — 9) samples were taken
from each sampling depth. The samples were
sifted through two sieves with 2.s and 0.7 mm
mesh, and the bottom animals were picked
from the sieves and preserved in 5 ¢, formalin.
The animal samples were weighed wet in a
closed bowl to the nearest 0.1 mg.

The nature of the bottom affects the results. If the bottom
is sandy or muddy, almost all bottom particles are washed
away and the animals are easy to find. In the small lakes
studied, however, the bottom was often of mud with a pro-
fusion of cones, needles and other plant remains, which
reduced the chances of finding all Lthe specimens.

The mesh size of the sieve affects the results. According
to Jomasson (1955), the numbers of animals obtained with
a 0.2 mm mesh were 100 ~ 600 Y, greater than with a mesh
of 0.6 mm. For example, all the Chirononid larvae less than
10 mm were lost if the mesh was 0.6 mm. A high proportion
of the Chironomid larvee and young Pisidium as well as
other small bottom animals thus probably escaped attention.
However, all the large animals important as fish feod were
sampled effectively.

Fish samples were collected mainly in May —
June and in September — December, but some
fish were caught in July — August, too. Their
total length was measured to the nearest mii-
limetre and they were weighed to the necarest
gram. The average growth of the fish was
estimated from a material comprising 555 brown
trout and 405 rainbow trout. The total numbers
of fish caught were 741 brown trout and 743
rainbow irout. Earlier data about the growth
of fish released in Ulpasjéirvi were published by
JaunssoN (1963).

Because the fish populations studied usually
originated from a single introduction of fish of
the same age, there is less variation in the size
of the fish than in a natural population, where
all age classes are represented. A suitable selec-
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tion of nets will thus give a sample which is
representative of the whole fish population, even
if quite small samples are taken.

To eliminate the selective effect of gill nets, a
series of nets with mesh sizes of 12, 17, 20, 25,
30, 35, and 45 mm was used simultaneously
(cf. La¢LER 1968). Some fish were caught by
angling, too.

Samples of food eaten were collected from 200
brown trout and 167 rainbow trout. Earlier
data about the feod of three rainbow trout from
Ulpasjérvi were published by Jannssox (1963).

Food is digested all the time while the fish is
in the net. According to REiMERs (1957), the rate
of digestion is temperature-dependent. In brown
trout the digestion of soft-bodied food organisms

(e.8. Helodrilus) takes about 12 hours at 10°C,
whilst that of medium hard-bodied ones (e.g.
Gammarus) takes about 13 hours and that of
hard-bodied ones (e.g. Arciopsyche) about 16
hours at the same temperature. At 2°C the times
are 25, 26, and 44 hours, respectively. To dimin-
ish this source of error the nets were examined at
intervals of 1/, - 2 hours in summertimme and at
intervals of about 12 hours in the period of cold
water., If the fish are caught by angling or by
spinning, this source of error is eliminated. Every
fish caught was killed immediately and its whole
digestive tract was preserved in formalin (cf.
WINDELL 1968),

The volume of the food samples was deter-
mined to the nearest 0.1 ml.

III. The lakes studied and their environmental factors

1, Kivi-Ahveroinen, Utajérvi

General description

684° 35" 16" N, 26° 27’ E, 130 m above sea level. Area 4.3
hectares, maximum depth 11.c m, wvolume 215000 m?®
(TorvonNEN 1962). About 80 °; of ihe shore-line is sandy and
the rest more or less marshy. Bottom sand or mud, springs in
places (TUUNAINEN 1966a, 1966b). No inlet and no outlet.
Fig. 3.

Aquatic vegetation rather scanty. The belt of emergent
vegetation consists of sedges, Phragmiles communis at the
southeast end, and Lobelia dorimanna on the sandy shores.
The floating vegetation consists of Nuphar luteum, which
grows to 3 — 3.5 m depth, especially where the bottom is soft.
At a depth of 7 - 10 m aquatic mosses in places.

Kivi-Ahveroinen is a dimictic lake of the type that is
normal in the temperate zone, with stratification both in
summer and in winter, and normal spring and autumn
turnover.

In winter the oxygen content of the water was high in the

. Shaoreline

Outer _border of the
emergent vegetation

®%a Floating vegetation
== Marsh

100 m

Fig. 3. Kivi-Ahvercinen. Black dois indicale
stations.

sampling

upper five metres, but lower towards the bottom. During the
summer stratification it was high in the epilimnion, but in
the hypolimnion it was found to vary from vear to year.
Usually there was a considerable oxygen deficit in late
summer. The pH was near the neutral point, usually a little
on the acid slde. Electrical conductivity and KMnO, con-
sumption were very low; there are almost no humous substan-
ces 1o increase the consumption. According to JARNEFELT'S
(1953) classification, Kivi-Ahveroinen is an oligohumous
lake. The alkalinity, total hardness, and Fe content of the
water were very low.

Some physical and chemical data (aceording to TuuNai-
NEN 1968) are listed below:

Depth m L °C n
VIL — VIIIL. 05—~ 1 15.0-19.7 9 Maximom on
1959 — 1966 8, VIII. 1963
~5 - 8 9 Metalimnion
9.5 - 10 B.3—12.7 9
IV, 1 0.~ 1o 6
1961 — 1966 9 -1 40— 4o 6

Days without ice: 177 —195 days per year (TUUNAINEN
1966a, 1966b)

Depthm O, mg/l 0,% n pH n
VIL-VIII. 03- 1 8.—11.0 94~114 8 6.0—F.0 7
1959 -1966 4 — 5 B.o—~11.0 94-112 8 6.3—F0 6
9 —-11 Oe— O 0-- 90 B 5Hv—6s5 7
IV. 1 94-144 683-106 6 B.5-6.8 3
1961 -1966 4 — 5 5.8— 94 46— 72 6 5.:5-65 5
9 —-10 03— 23 ~0- 18 6 B5-65 5

Depth Conductivity KMnO,
m =5 n meg/1 n
VIL - VIIL. 03- 1 14 ~ 20 7 B.6—13.2 7
1959 — 1966 - 5 11 - 16 6 Ja—145 6
9 —-11 14 - 23 7 6.1-153 8§
IV, 1 15-19 5 57— 0.5 6
1961 — 1966 4 - 5 14— 18 5 35— 95 6
9 —-10 21-34 5 6.0—-13.3 @&
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Colour

Depth Pt mg/fl Transparency
m e X

Range

Cy:|

5. VIL. 1959~ 63— 1
2.VIIL 1966 7.0-11

0-10 6.2 11

5—-60 221 11 3.0-10.0 6.8 13

i Total
Depth Algllmty hardness n Fe mg/l n

m mvalfl n °dH
VIL-VIII. 1- 3 0Q.0a—0.14 2 0.14=028 5 Qo—0.07 4
1959 —1966 7-—11 0.08—0.a6 2 0.16-~0.32 5 O.ea—03s 4
IV. 3 - ~ O.28~0.00 3 Ouoe—0u2 3
1962 — 1965 7 - — 0.30—0.3¢ 3 0.03—-0.138 3

Benthic fauna and zooplankton

The sampling stations are seen in Fig. 3. Pisidium spp.,
Asellus aguaticus and Chironomid larvae were the most
frequent groups in the samples of bottom animals, but larvae
of Sialts, Trichoptera and Ephemerids were also abundant
(TuuNAINEN 1968). Fig. 4 shows that there were considerable
differences between the biomass values of bottom animals
at different seasons, partly because of the emergence of
Ephemerids, Sialis, Trichoptera and Chironomids.

On 4. VIL 1963 a series of 60 plankion samples of 1.41
each had the following composition (specimens per 101):

Fish population

At the time of the poisoning (6. IX. 1962), the
fish population of Kivi-Ahvercinen consisted of
small perch, according to ToivoNeEn (1962)
about 24.1 kg per hectare.

On 30.V.1963, 7000 specimens (I 628 per
hectare) of brown trout fry were released into
the lake, The fry were from Montta fish hatchery,
Muhos, and according to Mr. O. Niinimiki
(persenal communication) they belonged to a
race living in the Oulujoki watercourse. This
race may have been partly hybridized with trout
from Indalsilven, Sweden.

Data on the growth of these trout are pre-
sented in Figs. 28 — 29, Except during the first
growth period the growth rate was higher than
in the other lakes, although the density in these
was lower. Some of the data on the growth of
brown trout in Kivi-Ahveroinen have been
published already (TuuNAINEN 1966a, 1966b,
1968).

Food of the fish released

The diet of the brown trout was found to
consist mainly of Asellus aqualicus as well as

.

AL WL wATaTL
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aw.w.w.

Rotatoria 50
Daphnia sp. +
Bosmina sp. 100
Chpdorus sp. +
Hydracarina +
Total 150
30 _
a/m? | T  Rotenone treatment
[ ] 1 m
a 3w
4 5 n
3] 7 »
O 10-11
20 T
10 +
) T

Year 1961 1962 1963

1965

1964

Fig. 4. Biomass of benthic fauna In Kivi-Ahveroinen.
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Table 1. Food of brown trout in Kivi-Ahveroinen. .\ = age
of the fish (years), B = number of fish studied, C = average
number of food organisms per stomach, D = average volume
of food (ml), E = main food items as percentages (number/

Table 3. Frequency (%) of oceurrence of benthie animsls in
bottom samples taken on thirteen different dates (A), In
stomachs of brown trout cavght on elght different dates
(B), and in eight samples taken simultaneously with bottom

volume). samples (C).

A B C D E A B G

7.-8 VL1964 1+ 7 388 231 Chironomid pupae Nematoda 7 -
b50/47 o, terr. in- Oligochaeta 46 - -
seets 22/13 ¢, Hirudinea 23 29 25

Asellus 21/21 ¢ Glossosiphonie sp., 15 -
4. XI.1984 1+ 10 149 2.0  Asellus 96/84 9, Plancrbids 31 43 —
Trichopterouslarvae  Pisidium sp. 54 71 38
3/16 9, Asellus aguaticus 100 86 88
19, V.1965 24+ 10 112 3.0 Asellus 87/84 %, Hydracarina 15 14 13
Chironomid pupae Ephemerid larvae 15 43 -
12/7 9, Agrionid » - 29 -
6.—7.VIIL 1965 2+ 10 104 2. Asellus 75/60 %, Aeschoid ] 15 29 -
Corixid Iarvae 9/5 %, Corixid » — 29 =
Trichopterous larvae » adults 23 71 25
4/4 9% Dytiseid larvae 23 43 25
3. XI.1965 2+ 10 108 2.7  Asellus 70/56 9, . adults 7 57 -
Trichopterouslarvae  Siglis larvae 77 43 13
28/38 9, Trichopterous larvae 62 100 63
27, V.1966 3+ 10 176 7.2 Asellus 95/84 %, C haoborus * 7 14 —
Trichoptercus larvae Chironomid » 100 100 100
24 o _ » pupae 15 a7 13
2.-6.VIIL. 1966 3+ 5 142 6.4 .Aselins 49/45 9, Tabanid larvae 54 -
Corixid adults and Other Dipterous larvae 7 -

larvae 44/44 %,
Trichopterous larvae

%

larvae of Corixids, Trichoptera and Chironomids
(Table 1). Aerial food was less important (cf.
TuuNaINEN 1966b); the most important of these
were Chironomids and Trichoptera.

Hess & Swarrz (1941) proposed the term
forage ratio, which means the ratio of the per-
centage of an organism in the stomach contents
of the fish to the percentage of the same organ-
ism in the total benthic poputation.

Table 2 shows the forage ratios of the bottom
animals, The accuracy of the figure depends, of
course, upon the reliability of the measuring

Table 2. Forage ratios for brown trout in Kivi-Ahveroinen

2 g 3
e
: g = - =
- ] ¥ =] -
= 5 8 Z € 8 E B
oM E » 3 2 o
- S Y < ©
I I : | " i 1 : I
- o =it 5] ] o of -l
Hirudinea - - .09 — Q. - -
Pisidium sp. — Q.09 = —~ Q.67 - 0.02
Asellus
aqualicus 0.2 265 1.1 l.eg 4.4 2,05 3.70
Hydracarina 4.17 - - - —
Corixid
adults - - - - - 2450 520
Dytiscid
larvae 2.70 - - - - 0z
Stalis
larvae - - — D.os = - -
Trichopterous
larvae Q.21 1,62 O.0p — 36.20 0O.45 - -
Chironomid
larvae 07 005 001 Ows  Cuor Duna  Qus 0.y
Chironomid
pupsae ~ - - - {33

technique used. The only bottom animal samples
taken into consideration were those which were
collected from places where the fish fed during
the time of sampling.

Table 3 shows the frequencies of the bottom
animals in the bottom samples and in some
stomach analyses.

Reactions of the benthic fauna

Fig. 4 shows the changes in the biomass of the
bottom fauna after the rotenone treatment. The
slight effect of the poisoning of the fish popula-
tion upon the bottom fauna is perhaps due to the
smallness of the perch population; the numbers
of bottom animals were near the upper limit
because of weak predation. The decrease of
the bottom fauna at 1 -3 m depth noted on
14. VIII. 1964 may have been the result of
predation by brown trout. When the fish stock
decreased during the following years, a cor-
responding increase in the bottom fauna was
observed.

2, Satimuslampi, Viljakkala
General description

61° 50’ 27° N, 23° 31' 12" E, 152 m above sea level. Area
2.0 hectares, maximum depth 4.& m, volume 50 000 m?
{ToxvoNeN 1962). The shores are slightly paludified. Bottom
mud, with plankton debris (TUUNAINEN 19662, 1966h).

No inlet and no outlet. No emergent vegetation. Nuphar
Iuteum grows quite seantily at depths of 2 m or less. Fig. 5.
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190m

Tig. 5. Satimuslampi. Black dots indicate sampling stations.
Other explanations: see Fig. 3.

The temperature was quite uniform in swmmertime;
there was no clear stratification. The oxygen content was
suitable for fish in the upper layers in winter, but near the
bottom there was a greater deficlt of oxygen. In summer the
oxygen content of all the water layers was good, hecause
the lake was not stratified.

Originally, Satimuslampi was quite acid, pH 4.7 on the
surface at the time of the poisoning, 18. IX. 1962 (ToIvoNEN
1962). To diminish the acidity, about 10 000 kg of crushed
limestone was sprinkled into the lake in late winter 1963.
The effect of this treatment was visible in the water samples
collected afterwards.

Electrieal conductivity, KXMnO, consumption and Fe
content were very low. Humous substances were practically
absent. According to JARNEFELT's (1953) classification,
Satimuslampi is an oligohumous lake.

Some chemical and physical data (according to TuuNaI-
NEN 1968) are listed below:

D(igth oG n
VI - IX, 05-1 10.5 ~19.7 Maximum on
1962 — 1965 7. VI, 1963
4 10.4-19.1 4 No stratifica-
tion in summer
1L - IIL 1 0.~ 1o 2
1963 3 -4 4.0 2

Days without ice: 194 — 200 days per year (TUUNAINEN
1066a, 19668b)

D‘;}';"h 0, mgll O, % n pH n
VL - IX, 05-1 9.6~10+ 90-115 2 4s8-73 3
1062-1965 5 —4 99-109 92-111 2 5s-6s 2
II. — IIL 1 Fwo—-11.0 52— 86 2 4s5-47 2
1963 3 -4 12- 28 9-— 21 2 47 2
Depth C‘{{L‘}};’ KMnO, Fe
m us n mgfl n mgil o
VI - IX. 0.:5-1 18 1 1l.0 1 -
1962 - 1965 3 —4 18 i 21.0 1 -
II. - IIL 1 22 2 63-11a4 2 O
1963 3 -4 17-18 2 11a-133 2 0as 1

Depth  Colour Transparenc

m Pt mgi T m Y

18, IX. 1962~ 1.0 5 1 > 4.8 (bottom) 2
10. VL. 1965 4. 25 1

Benthic fauna and zooplankion

The bottom fauna was very poot both in specles and in
numbers (Fig. 6) (cf. TUUNAINEN 1068). Its main constituents
were Sialis larvae and, to a lesser degree, larvae of Chiro-
nomids.

The tzbulation below shows the composition of the zoo-
plankton (specimens per 10 1) in the early summer of 1963,
when the brown trout and rainbow trout ifry were released.
The tabulation is based on 27 samples of 1.4 1 each,

Rotatoria 16
Daphnia sp. +
Bosmina sp. T8RO
Iolopedium gibberum 10
Cladocerous ermbr. 72
Calanids 1
Ceriodaphnica sp. 7
Hydracarina +

Total 895

Fish population

At the time of the poisoning (18. IX. 1962),
the fish population consisted of small perch,
according to ToivoNEN (1962) 18.: kg per
hectare,

In June 1963, brown trout and rainbow trout
fry (1 000 specimens per hectare of each species)
were released into the lake. The fry was from
Myllypuro fish hatchery, Yldjarvi. The rainbow
irout were of the spring-spawning Danish race
(TUUNAINEN 1966b). The brown trout were of
the same origin as those released into Julkujirvi
(p. 86).

In spring 1964, smelt were released into the
lake as food for the trout (TuuNAINEN 1966b).
These fish were probably all eatén by the trout.

Exeept for the initial growth of the rainbow
trout, the growth rate of both species was very
low (Figs. 28 — 31) (Tuu~AINEN 1968), probably
because of too high an introduction density in

relation to the food available. Interspecific
0, -
g | 1 1 m T Rolenone treatment
2-25 »
0 45-48 »
5
Year 1962 1863 1984

Fig. 6. Biomass of benthic fauna in Satimuslampi.
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competition between the trout species probably
also retarded their growth; the quotient of
similarity of the food, for instance, was found to
be 87 % in a sample taken on 3. VI, 1964 (Tuu-
NAINEN 1966b),

Food of the fish released

Larvae and pupae of Ghironomids were im-
portant food organisms for brown trout (Table
4). One-year-old young also took some zoo-
plankton (Cladocera) in early summer. Adults of
Hygrotus and Hyphydrus as well as larvae of
Trichoptera were also important.

The food of the rainbow trout was similar at
the end of their second growth period; in addi-
tion they utilized a notable amount of aerial
food (Table 4).

The forage ratios for brown trout and rainbow
trout estimated on 3. VI. 1964 were as follows:

Brown  Rainbow
trout irowt

Sialis larvae

- 0.03
Chironomid larvae 0.86 0.2

Table 4. Food of brown tront and rainbow trout in Satimus-

lampi. A = age of the fish (years), B = number of fish

studied, C = average number of food organisms per stomach,

D = average volume of food (ml), E = main food items as
percentages {(number/volume),

A B C D B

Brown trout:
3.VI.1664 1+ 2 65 0.3 Chironomid pupae 59/75 9,
Cladocera 29/9 ¢,
Chironomid larvae 8/1 9
17. X.1984 1+ 1 6 1.2 Trichopterous larvae 4980 ©%
Dytiseid adnlts 17/8 9,
Sialis larvae 17/8 ¢,

Rainbow trout:

3. VL1964 1+ 10 76 0.3 Chironomid popae 58/51 %s
Cladocera 23/3 %, Dytiscid
adults 7/17 %,

Chironomid larvae 38/14 b
terr. insects 32/19 %,
Trichopterous larvae 17/21 %,

17. X, 1964 1+ 8 8 0.

Table 5. Frequency (%) of accurrence of benthic animals in

bottom samples taken from Satimuslampi on three different

dates (A), in stomachs of brown trout (B) and rainbow trout

(C) taken on two diffgrent dates, and in one sample (D=

brown trout, E = rainbow trout) taken simultaneously with
hottom samples.

A B C D E
Eurycereus sp. 33 - -
Hydracarina 33 50 -
Libellulid larvae 33 - - - -
Other QOdonatous larvas — — a0 - -
Dytiseld adults - 100 a0 -
Donacia pupae 33 ~ - - -
Sialis larvae 100 50 50 - (100)
Trichopterous larvae - 50 50 - -
Chironomid » 33 100 100  (160) (100)
pupae - a0 50 - -

»
Ceratopogonid larvae - a0 100 - -

Table 5 shows the frequencies of animals in the
bottom samples and in some stomach analyses.

Reactions of the benthic fauna

Rotenone treatment had no clear effect upon
the bottom fauna. The slight increase in biomass
and demsity at 1 and 2 - 2,5 m depth from 1963
to 1964 (Fig. 6) was mainly due to the increase
in the numbers of Sialis larvae, which were eaten
by the trout very ineffectively.

3. Pien-Valkealampi, Puumala
General description

61° 28" 10* N, 28° 38" 30 E, about 80 m above sea
level. Area 1.0 hectares, maximum depth 11.2 m and velume
70 000 m* (TorvoNeN 1962). All shores are marshy. Bottom
mud, with some springs (TUUNAINEN 19664, 1966b); No inlet
and no outlet. Aquatic vegetation scanty, no emergent
vegetation. Floating vegetation represented by Nuphar
tutenm. Water mosses at 5 m depth. Fig. 7.

The lake is clearly stratified in summer, with an oxygen
deficit in the hypolimnion and almost complete lack of
oxygen near the bottom. From spring 1965 on, the rainbow
trout were fed with pellets which cansed secondary eutrophy
and decrease of the oxygen content in the winters of 1965/
1966 and 1966/1967. Attempls were made to improve the
oxygen conditions by pumping air into the lake with a
COMPressor.

At the time of the poisoning (11. IX. 1962), the pH was
5.5 on the surface (TorvoNEN 1962). About 1 000 kg of waste
lime (mainly Cai0,) was seattered Inte the lake on 10. X1I.
1962. This caused a rise in the pH, which then remained
elevated up to the year 1966.

Pien-Valkealampi is very poor in electrolytes in spite of
treatment with waste lime, but the conductivity rose from
1965 to 1966 because of secomdary eutrophy caused by
feeding the fish. The KMn(,; concumption was originally
low, but increased owing to the secondary eutrophy (cf.
TUUNAINEN 1968), The values of alkalinity and total hardness

Fig. 7. Pien-Valkealampi (left}) and Ahvenlampi (right),
Black dots indicate sampling stations. Other explanations;
see Figs. 3 and 5.
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were very low. According to JARNEFELT'S (1953) classifica-
tion, the lake is an oligohumous lake.

Some physical and chemical data (according to TuuNaAI-
NEN 1968) are listed below:

Dexlzlth G o
V. - IX, 02— 1 127-236 7 Maximum on
1962 - 1966 26. VII, 1966
~d—- 9 7 Metalimnion
10 -11 49— T3 3

VII
1964 — 1966

Days without ice: 205 - 213 days per year (TUUNAINEN
1066a, 1966b)

Depth
m

Opmgll 0;% n pH n
V.- IX. 02— 1 9.4-13.1 94-141 5 56-72 5
1962-1966 6 — 7 28— %4 24— 95 5 56-83 5
10 —-105 0~ 48 00— 39 5 bv-6s 2
Depth Conductivity
m pS n  KMnO, mg/l n
V. —IX. Gz2—- 1 8-20 5 6.0 —25.¢ 3
10621966 6 — 7 L) 1 6.0 1
10 —10.s 12 — 27 3 19.7-33.¢ 3
Colour Transparency
Depth py mg/l _ mp _
m Range X n Range X mn
1. IX,1962— 02— 1 5-20 150 3
26, VII. 1966 10 5-20 150 3 20-80 41 4
Depth Alkalinity Total hardness
m mval/l n °dH n
V.- VIL 0.2— 0.5 0.07 = 0.17 4 Qot—0.22 3
1965 - 1966 10 — 10.5 0.2 ~ 007 4 022-038 3

Benthic fauna and zooplankion

The bottom fauna mostly consisted of Chironomid larvae,
Sialis and Trichopterous larvae heing the next. As a whole,
the hottom fauna was (uite sparse (Fig. 8).

In the spring, at the time when the brown trout fry were
released, the zooplankton wos rather poor. The mean of 66
samples freom 0 —11 m depth (1.4 1 each) was only 14 spe-
cimens per 10 1, the majority consisting of Rotaria,

Fish population

The fish population consisted exclusively of
perch at the time of the poisoning (11. IX. 1962),
according to TorvoNeN (1962) 26.¢ kg/hectare.

On 21.V. 1963, 2 000 specimens (2 000 per
hectare) of brown trout fry from Savitaipale fish
hatchery were released into the lake. On 22. IX.
1963, 150 one-summer-old rainbow trout (150

per hectare) from Simunankoski fish hatchery,
Laukaa, were released (TUUNAINEN 1966D).

In the first growth period the growth rate was
quite high. During this time the food of the
brown trout fry consisted mainly of zooplankton
and aerial food. In the third growth period the
growth of brown trout was found to be slow in
Pien-Valkealampi compared with the other
lakes studied. In the rainbow trout the growth
rate was already quite low by the second growth
period, and these fish also grew more slowly
than in the other lakes (Figs. 28 —- 31). The low
growth rate may have been due to very keen food
competition caused by high density combined
with secarcity of bottom animals.

Food of the fish released

The diet of the brown trout was found to be
quite varied (Table 6). Larvae and pupae of
Chironomids were the predominant food organ-
isms, but larvae of Ceratopogonids, Ephemerids
and Trichoptera as well as adult Dytiscids and
aerial food were also important. In late summer
1964, some stomach samples contained zoo-
plankton too.

The diet of the rainbow trout was also quite
varied (Table 6), the predominant food organ-
isms being larvae and pupae of Chironomids
and Ceratopogonids, as well as Hydracarina,
zooplankton and terrestrial insects. The food
selection of the fish released is shown in Tables
7 and 8.

Table 6. Food of brown trout and rainbhow trout In Pien-

Valkealampi. A = age of the fish (years), B == number of

fish studied, C = average number of food organisms per

stomach, D = average volume of food {ml), E = main
food items as percentages {number/volume).

A B CD E

Brown trout:

2.VIL 1964 1+ 3 824 0.s Chironomid larvae 77/63 S,
Chironomid pupae 22/24 9

24, IX.1964 1+ 7 10 0.3 Ceratopogonid larvae 361195,
terr. Insects 22/22 9%,
Argyronela aguatica 15/24 %

8. VL1966 3+ 3 26 0.+ Ephemerid larvae 37/12 %,
C nomid larvae 28/9 %,
terr. insects 18/15 %

Rainbow trout:

2. VIL.1964 1+ 9 978 1.0 Hydracarina 48/8 %,
Chironomid larvae 39/59 %,
Chironomid pupae 6/10 %

24, IX.1964 1+ 3 10 0.8 Terr. insects 45/46 %,

Chironomid gupae 31/29 °
Ceratopogonid larvae
24/15 %
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Table 7. Forage ratios for brown trout and rainbow trout
in Pien-Valkealampi,

Brown trout
1,-2, 8

. VI. Rainhow trout
VIL 1964 1966

1.~2. VIL 1964

Ephemerid larvae — 14.50 Trichoptercus larvae (.1a
Trichopterous » - 0,33 Chaoborus » C.os
Chaoborus * 0.02 -~  Chironomid ] 0.83
Chironomid » T.28 1.08
Ceratopogonid

larvae 1.08

Table 8. Frequency (%) of occurrence of henthic amimals in
bottom samples taken from Pien-Valkealampi on six different
dates (A), in stomachs of brown trout (B) and rainbow trout
(C)_caught on three and two different dates, respectively,
and in two samples of brown trout (D) and one sample of
rainbow trout (E) taken simultaneously with bottom samples.

A B c D E

Nematoda 17 - - -
Oligochaeta 67 -
Argyroneia aqualica 17 33 — =
Hydracarina 17 - 50 —
Ephemerid larvae 33 33 - 50 -
Agrionid * - - 50 - -
Aeschnid * - - 50 - =
Libellulid » 17 33 - - -
Other Odonatous larvae 17 - - - -
Corixid larvae 17 - b0 ~ -
Dytiscid » 17 — — - -

. adults 17 67 - .
Donacia 1pupae a7 - -
Other Coleopterous larvae 33 - -
Sialis larvae 50 — - — -
Trichoptercus Iarvae 97 67 50 100 EIOO;
Chaohorus ) 50 33 50 50 (100
Chironomid ] 100 67 50 - (100)

» ipu & 33 67 100 100
Ceratopogonid larvae 33 100 100 50 -

4. Ahvenlampi, Ruokolahti
General description

61° 27° 20" N, 28° 30’ E, about 80 m above sea level,
Area O.08 hectares, maximum depth 5 m, volume 30 000 m?
(TotvoNeEN 1962). The shores are paludified and the
bottom is mud (TuuNAINEN 1966a, 1966h). No inlet and no
outlet.

No belt of emergent vegetation. Nuphar luleum grows
down to 2—3 m depth. At 3 -5 m depth aquatic mosses
grow on the bottom. Fig. 7.

Usually ne temperature stratification. In summer the
oxygen content was high throughout the lake; this was
probably also the ease In the winters of 1964/1965 and 1965/
1966, because the rainbow trout survived the winter.

At the time of the poisoning, the water was quite acid
(PH 4.5) (TorvoNEN 1962). In November 1962, about 800 kg
of waste lime was scattered into the lake, and this treatment
clearly affected the electrolytic conductivity, which was
higher after the treatment (cf. TuuNaAINEN 1968). KMnO,
consumption, alkalinity and total hardness were quite low.
According to JARNEFELT's (1953) classification, the lake is
an oligohumous lake.

Some physical and chemical data (according to TuuNAI-
NEN 1968) are listed below:

Bepth m tC n

0.z-1 142~ 22,5 7
4 -5 8.2-17.0 7

VI - IX.
1962 - 1966

Maxivaum onit
26. VII, 1966
No stratifica-
tion in summer

Days withoul ice: 200 — 209 days per year (TUUNAINEN
19664a, ,1966b)

Depth
Reactions of the benthic fauna bt 0, mg/l 0:% n pH n
The density of the bottom animals and partic- v _IX. 02-1 87-11c 88135 5 47-7s 5
ularly of the Chironomid larvae, was found to 1962~1966 4 -5 87-12. 88-131 5 4o-73 5
decrease continuously from 1963 to 1965. From
1965 to 1966, there was an increase of bottom Depth Conduetivity KMn?. .
animal density, presumably owing to the de- o #S " el
crease of the fish stock combined with eutroph- | .~ ... 15—31 5 10.0— 354 3
ication of the lake (cf. p. 74). 1962 -1966 4 -5 13-34 5 17.0 - 23.7 3
15,
g/m T Rotenone treatment
| 1m
35
10 1] 10-11 n
5 3
Year 1862 1963 1964 1965 1966

Fig. 8. Biomass of benthlc fauna in Pien-Valkealampi.
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Depth  Colour Pt n_lg.l'l Transparency m
m

Range X n  Range X n

10. IX. 1962 - 0.2~1 7-20 157 3 .
86.VIL1966 4 -5 10-25 175 3 3s-4o 37 4
Depth Alkalinity Total hardness
m mval/l n *dH n
VL-VIIL. 0O2-0s 0.17 — Q.32 4 0.08 — 0,89 3
1965 - 1966 4 - 4.5 021 — 030 + .08 — 0.48 3

Benthic fauna and zooplankton

Sampling stations are marked in Fig. 7. The bottom
fauna (Fig. 9) mostly consisted of Chironomid larvae. OI
the other groups Oligochaeta as well as larvae of Sialis and
Ceratopogonids were Important (TuvwaINes 1968).

In spring 1963, the zooplankion was found to be quite
pocr; Rotatoria was the predominating group, and the
average number of specimens obtained from 27 samples
(1.1 1 each) was only 28 specimens per 10 1.

Fish population

At the time of the poisoning (10. IX. 1962),
the fish population consisted solely of perch,
30.s kg/hectare (TorvoNEN 1962).

In the spring aiter the poisoning 1 500
specimens of brown trout fry were released into
the lake, but the introduction failed, probably
because rotenone had persisted over the winter.
On 30. XTI, 1964, 300 specimens (322 per hectare)
of two-summer-old rainbow trout (average size
20 - 21 cm and 90.s g) were released into the
lake. The trout were from the fish hatchery of
Mr. K. Peltoniemi, Espoo (TuuNaINEN 1966b}.

The growth rate of these rainbow trout (Figs.
30 — 31) was quite high in 1965 and 1966. In the
summer of 1966 the fish were fed with pellets
once or twice a week.

One brown trout (3-year-old, 31.. cm, 320
g), presumably introduced into the lake ac-
cidentally with the rainbow trout, and canght
on 26. VII. 1966, had grown a little less than
the rainbow trout.

Food of the fish released

The diet of the rainbow trout consisted mainly
of larvae and pupae of Chironomids, but larvae
of Odonata and aerial food were also frequently
found (Table 9).

The forage ratios for rainbow trout are pre-
sented in Table 10. The percentages of bottom
animals were caleulated from samples taken at
1 — 5 metres. In Table 11 those organisms which

Table 9. Food of rainbow trout and brown trout in Ahven-

lampi. A = age of the fish (years), B = nimber of fish

studied, C = average number of food organisms per stomach,

D = average volume of food (ml), E — main food items as
percentages (number/volume).

A B G D E

Rainbow trout:

1. VIL.1965 2+ 10 72 2.5 Chironomid larvae
50/19 %, Ephemerid
larvae 11/56 %,
terr. insects 9/11 9,

12, VII. 1965 2+ 5 120 24 Chironomid pupae

4419 <4, Chironomid
larvae 317 ¢,
terr. insects 18/26 %

7. VI.1966 3+ 6 728 8.5 Chironomid pupae
97/60 %, Libellulid
larvae 0.1/2 %

26. VII. 1966 3+ 3 227 241 Chironomid larvae

73/26 %, Chironomid
pupae 25/3 9, Libel-
Iulid larvae 0.4/6 %

Brown trout:

26. VIL 1966 3+ 1 19 0.6 Chironomid larvae
48/9 %, Ephemerid
larvae 37/18 %,
Libellulid larvae
5/86 9, Trichopter-
ous larvae 5/36 %

Table 16. Forage ratios for rainbow trout in Ahvenlampi.

12. VII1, 7.VI. 25.-26. VIL

1965 1966 1966

Hydracarina = -~ 0.88
Libellulid larvae .22 0.83 0.26
Sinlis » - .4z -
Chironomid » (L] 0.m 0.83
2 pupae - 270.00 -
Ceratopogonid larvae 3.08 0.c2 -

Table 11. Frequency (%} of occurrence of benthic animals in
bottom samples taken from Ahvenlampi on six different
dates (A), in stomachs of brown trout (B) and rainbow trout
(C) caught on one and four different dates, respectively,
and in one sample of brown trout %D) and three samples of
rainbow trout (E) taken simuoltaneously with bottom

samples.

A B [ D E
Gordius sp. - - 50 - -
Oligochaeta 83 - - - -
Hydracarina 50 = 23 - 33

Ephemerid larvae 17 (100) 25 (106)
Agrionid » - - id - -
Aeschnid » - - 25 - -
Libellulid * 30 (100 100 (100 100
Other Odonatous larvae -~ - 50 - =
Notonecia ) 33 - 25 - -
Corixid ] 33 - 25 - -
] adults — - 50 - -
Dytiscid larvae 17 - - -

» adults 17 - 50 -
Danacia lpupae 50 - - - -

Qther Coleopterous adults 17 - - -
Sialis larvae 100 - 25 - 33
Trichopterous larvae 17 (100) 25 (100} =
Lepidopterous  » - - 25 - et
Chaoborus ] 50 - - - 67
» pupae - - 20 - .
Chironomid larvae 83 (100) 100 (100) 100
» pupae 17 {100) 100 (100) 33
Ceratopogonid larvae 67 - 75 - 67
Tabanid » - 25 - -

Other Dipterous pupae 1; - - -
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202_
g/m T Rotenone treatment
a ' m
2-3
! 1] 45-5 w
10 ¢ ;
4
4
%
/
7
2
i ;
N . - .
T
Year 1962 1963 1964 1965 1966

Fig. 9. Biomass of benthic fauna in Ahvenlampi.

were found solely in either bottom animal
samples or the fish stomach are also listed.

Reactions of the benthic feuna

The average density and biomass of the
benthic animals increased from 1963 to 1966
(Fig. 9), mainly because of the increase in the
numbers of Chironomid larvae (¢f. TUuNAINEN
1968), In the fish food (Table 9) both the relative
and absolute numbers of larvae and pupae of
Chironomids also increased in 1966 compared
with 1965.

5. Ulpasjiirvi, Pielavesi
General description

63° 14’ 30~ N, 27° 01’ 26" E, ahout 150 m above sea level,
Area 3.7 hectares, maximum depth 19.3 m, volume 200 000
m? (Szomen Kalastusyhdistys 1961). 40 %, of the shore-line
is stony, 20 9% is slightly paludified and 40 % is boggy. The
bottom is mainly mud, but there are gravelly patches {Tvw-
NAINEN 1966a, 1966b). No Inlet and no ontlet.

The narrow belt of emergent vegetation conslsts mainly of
Carex spp. The belt of floating vegetation contains seattered
Sparganium spp., Nuphar luteum and Npmphaea condida.
Aquatic mosses grow in places at 4 -5 depth. Fig. 10,

The lake was clearly stratified in summer. In winter the
oxygen c¢onditions were satisfactory down to 10 m depth, but
in the deeper layers there was a sharp decrease of the oxygen
content. During the summer stratification the oxygen
content was high in the epilimniom, but there was a total
lack of oxygen at depihs below 15 — 17 m.

The water was clearly acid; its electrolytic conductivity
and KMnO, consumption were quite low. At the deepest
place the KMnO, consumption was occasionally quite high
near the bottom. According to JARNEFELT’S (1953) classiflea-
tion, the Inke must be included among the oligohumous

lakes, but it has features nearer to the mesohumous type.
Alkalinity, total hardness and Fe content were also low.

Some physical and chemical data (aceording to TUuUNAI-
NEN 1968) are listed below:

Depth m 1°G n

VI - IX. 02— 1 12.6—-21.s 10 Maximum on

1960 — 1966 2. VIII. 1960
~3-15 10  Metalimnion
18.5— 195 Jz— 4o 11

III. - IV, 1 0.6— 0.8 3

1962 — 1966 10 40— 4a 3

19 41— 43 3

Days without ice: 180 —205 days per year (TUUNAINEN
1966a, 1966h)

—100m

100 m

Fig. 10. Ulpasjiirvi. Black dots indicate samgling stations.
Other explanations: see Figs. 3 and 5.
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Diepth m Oy mg/l 0;,% n pH n
VL -X. 02~ 3 Bs—-11a1 96--122 9 53-6a 5
1960 -1966 9 —15 14— Bs 12— 75 9 48—-55 0
17 -19 OG- 03 0 8 435-6a4 6
IIL — IV. — 4 So0-10a 62— 74 4 55-83 3
1962 - 1968 10 —15 09— B2 Y- 51 4 5a-5s8 3
19 O.¢ 0 3 53-5s5 2

Depth  Conduetivity KMnoO,
m uS mg/l n
VI - X. 0.z2—- 3 10-14 7 15.z— 39.5 10
1960-1966 9 -15 11-16 7 15.2 - 53.5 9
17 —19 1217 2 27.1~63.5 4
III. — IV. 1 - 4 12 - 15 2 20,2—-24.9 4
1962 - 1966 10 - 15 13 -15 2 23.0 — 26,7 4
19 - - 25.7 — 297 2
Depth  Colour Pt_ mg/l Transparen(_:y m

m Range X n Range X

=

2, VIII. 1960 3
27. VIL 1966 1-15

15~-35 232 11
15~40 30.0 10

Juo—-435 3.0 6

Alka- Total
Depth jinity hardness
m  mvall n *dH n Femgl n
VIL — IX. 02— 8 0ws 1 07—031 6 OQ.0-0.08 5
1960 - 1966 10 —19 Oa0 1 Oas—0a32 6 Ows—0a2 5
IV. 1 - 4 - 0.20~022 2 0.6—-011 2
1962 - 1965 10 - 15 O22—0.46 2 03—z 2

Benthic fauna and plankton

Sampling stations are seen in Fig. 10. The most important
censtituents of the bottom fanna were Pisidium spp.,
Agsellus aquaficus, and larvae of Sialis, Trichoptera and
Chironomids (TuUNAINEN 1968).

The average biomass values are quite low (Fig. 11). At
the time of polsoning (2. VIII. 1960), the bottom fauna was
very poor and bottom animals were found only in 1-metre
samples {(Suomen Kalastusyhdistys 1961),

Plankton samples collected at the time of the poisoning
contained an average of 130 specimens of zooplankton per

10 1. The most abundant phytoplanklon species were Ana-
baena flos-aquae and Tetrastrum luleracantrum, the most
abundant zooplankton species Daphnia cristafa.

Fish population

At the time of the poisoning, the natural fish
population consisted of roach, perch and ruff,
altogether about 500 specimens or 27.s kg per
hectare (Suomen Kalastusyhdistys 1961).

On 8. —9. VL 1961, 1 500 specimens of brown
trout fry and 1 500 specimens of rainbow trout
fry (405 per hectare of each species) were re-
leased into the lake. The brown trout were from
Simunankoski fish hatchery, Laukaa, and the
rainbow trout from Kontiolahti fish hatchery.
In addition, 2 000 specimens of brown trout fry
(540 per hectare) from Kontiolahti fish hatchery
were released into the lake on 25, V. 1964, but
not one of them was caught later. In the spring
of 1963, 5000 - 10 000 specimens of wvendace
(Coregonus alpule L.) fry an dabout 100 speci-
mens of older vendace were released into the
lake to provide food for the trout (TUUNAINEN
1966Dh).

The growth rates of both brown trout and
rainbow trout in the first growth period were
higher than the means of the values in the other
lakes studied, whilst the growth rates for the
second, third and fourth growth periods agree
fairly well with the means of the values obtained
from other lakes (Figs. 28 — 31).

Food of the fish released

Larvae of Trichoptera as well as Asellus
aquaticus, and larvae of Ephemerids, Agrionids,

15,
g/mzl t Rotenone treatment
1 m
3 on
10 ¢ O 56 »
5 4
Year 1960 1963

1964 1966

Fig. 11. Biomass of benthic [auna in Ulpasjirvi.
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Aeschnids and Libellulids constituted the main
food of the brown trout, whilst the proportion of
Chironomid larvae and pupae was quite low
(TuuNaINEN 1966b). The proportion of aerial
food was considerable during the period of
open water (Table 12).

The food of the rainbow trout was similar,
although the numbers of larvae of Aeschnids and
Libellulids were clearly lower (Table 12). Zoo-
plankton alse made an important contribution
to the food of two-year-old rainbow trout.

Tables 13 and 14 show the selective feeding of
the two trout species.

Table 12. Food of brown trout and rainbow trout in Ulpas-

jérvi. A = age of the fish (years), B — number of fish

studied, C = average number of food organisms per stomach,

D = average volume of food (ml), E = main food items as
percentages (number/volume),

A B C D E

Brown trout:
12.-13. 1+ 2 18 2.4 Trichopterous larvae 92/91. o7
XIIL 1962 Chironomid larvae 6/0.5 %
18.~-20. 2+ 20 62 4.0 Terr. insects 56/32 %,

VI, 1962 Trichopterous larvae 22/35 ¢,

Libellulid larvae 6/15 %

4. -5, 2+ 9 19 3. Tricholiterous larvae 78/84 9,
XTI, 1983 Libellulid larvae 4/10 9,

Aeschnid larvae 2/11 %

Trichopterous larvae 29/45 9%,
terr. insects 40/28 9,
Asellus 2720 %,

9. —11. 3+ 11 90 21
VL 1964

18.-23. 3+ 6 61 8.1 Trich:%:.erous larvae 48/47 9,

XI. 1964 Agrionid larvae 39/20 ¢,
Libellulid larvae 3/8 9%
19. 4+ 9 35 3. Trichopterous larvae 46/29 9%,
VI, 1985 Asellus 22/18 o,

terr. insects 24/11 9,

30. 2 46 B.o Tricho}'hterous larvae 5442 <t
XI. 1965 Dytiscld adults 8/51 %,
Asellus 2072 o,
Rainbow trout:
13. + 16 16 1.6 Trichopterous larvaec 42/66 %,
XII. 1962 Asellus 28/9 %,
Dytiscid adults 6/6 <
18.-20. 2+ 12172 2a Cladocera 50/33 %,
VI. 1963 terr, insects 36/39 9
4, -5, 2+ 4 6 2.0 Trichopterous larvae 83 182 %,
XIL 1963 Ephemerid larvae 10/2 9
9. -11. 3+ 8143 2.0 .Asellus 63/38 9,
VI. 1964

Trichopterous larvae 9/38 9,
terr. insects 14711 %

18.-23 3+ 2 73 5. Trichopterons larvie 29/30 v,

XI. 1964 Asellus 58/11 9,
Agrionid larvae 3/3 9

19, 4+ 13 62 3.8 Asellus 50/27 9,

VI. 1965 terr. insects 30/17 9,

Trichopterous larvae 5/6 9%

Asellus 54741 %,
Trichopterous larvae 26/42 <,
Ephemerid larvae 20/ 9

30. 4+ 7 0a
XI. 1965

Table 13. Forage ratios for brown trout and rainbow trout
in Ulpasjérvi.

18.- 20, 9. ~11, 18. - 23,
VI. 1963 V1. 1964 XI. 1964
Brown trout:
Asellus aguaticns 0.26 1.6 0.03
Ephemerid larvae 6.15 ~
Odonatous » 3.26 - -
Stalis » 1.54 .02 -
Trichopterous 27.03 5.5 1.78
Lepidopterous » Q.46 — -
momid O.88 (.38 -
) pupae 6.15 - -
Rainbow trout:
Asellus aguaticus 1.48 1.89 1.60
Hydracarina 724 - -
Ephemerid Iarvae 12.50 - -
Odonatons » 0.80 — -
Trichopterous 2.4 1.10 1,06
Chironomid » 1.50 0.14 -
» pupae 20,05 - -
Table 14. Frequeney { %) of occurrence of benthic animals in

bottom samples taken from Ulpasjlirvi on seven different

dates (A), in stomachs of brown trout (B) and rainbow trout

g:) caught on seven different dates and in three samples of

rown trout (D) and ralnbow trout (E) taken simultaneously
with bottom samples.

A B c n E
Oligochaeta 29 - - -
Molusca * — - 29 ~ -
Pisidium sp. 71 — 14 - -
Asellus agualicus 100 86 100 100 100
Argyroneie aguatica - 29 — - -
Hydracarina 43 - 29 - 33
Ephemerid larvae 14 57 100 33 33
Agrionid ' - 14 29 - -~
Aeschnid + - 43 - - -
Libellulid » - 57 29 - -
Other Odonatous larvae 14 14 14 33 33
Corixid ® - - 14 - -
»  adults 14 100 71 - -
Dytiscid larvae - 14 14 - -
] adults ~ 71 29 - -
Sialis larvae 88 43 14 67 -
Trichopterous larvae 57 100 100 160 100
Lepidopterous » 14 14 - a3
Chaoborus ® — ~ 14 — —
Chironomid larvae 86 43 57 67 a7
' upae 14 29 43 33 33
Ceratopogonid larvae 14 - 14 -
Other Dipterous » — 14 - -

laceording to JAENSSON (1963)

Reactions of the benthic fauna

The bottom animal density increased after
the poisoning, but in June and August 1964 it
decreased again. The increase of biomass values
after 1964 is presumably due to the decrease of
the fish stock.

6. Sahalampi, Pohja
General description

60°17'N, 23°30'E, 5¢ m above sea level, Area 0.
hectares, maximum depth 3.0 m, volume 16 000 m?® {Torvo-
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#gs Rock

100m

Fig. 12, Sahalampi. Black dots indicate sampling stations.
Other explanations: see Figs. 3 and 5,

NEN 1962). Ahout 99 % of the shoreline is swampy and 1 9,
is rocky. The bottom is mud (TUUNAINEN 1966a, 1966b).
Nuo inlet and no outlet,

No emerdent vegetation. Nuphar luteum grows sparsely
everywhere except in a small area at the deepest place. Near
the southeast shore there is some Nymphaea candida. Aquatic
mosses at 2 — 3 m depth, Fig. 12,

The temperature of the whole water mass was quite high
in summer, and there was no clear stratification.

In winter the oxygen content was very low, the minimum
being observed on 5. 1V, 1965 (TuuNaINEN 1968). Intensive
seine fishing of trout carried out om 5. — 6. X, 1964 may be
one reason for the decrease of the oxygen content in winter
19641065, hecause oxygen-consuming sediments were dis-
turbed and mixed with the water mass. In the late winter of
1964/1965, some of the trout died of oxygen deficiency and
two brown trout and one rainbow trout were found dead in
the spring after the melting of the ice. However, many of
the fish survived the winter (TUUNAINEN 1966 b). Less
intensive seine fishing in the autumn of 1963 did not cause
a similar effect.

Sahalampi is quite acid; during the period of observations
there was a fluctuation of pH 4.2 — 7.1, This is a consequence
of the low hydrocarbonate content (cf. e.g. JARNEFELT 1958,
ALM 1960).

The electrolytic conductivity and KMn0O, consumption
were quite low, but there were great fluctuations in the lat-
ter. Very great fluctuations were found in colour and trans-
parency. In the Fe content considerable fluctuations were
also found. Iron may be the main factor producing the colour
of the water; this is indicated by the analytic data. Because of
the great fluctuation of colour and transparency, the lake is
difficult to classify; the present author (TUUNAINEN 19662,
1866b) regarded it as a poly-meschumous lake in the sense of
ArM (1960), but the data collected in 1962 — 1967 show that it
belongs to JARNEFELTY's (1953) oligohumous type. The values
of methyl orange alkalinity and total hardness were quite
Jow. Some physieal and chemical data (according to Tuu-
NAINEN 1968) are listed below:

Depth m t °C n
VI -IX, 02~-1 16.6 242 10 Maximum on
1962 — 1967 5. VII, 1966
25-3 101 -226 10 No stratifica-
tion in summer
II. - IV. 051 06— 1.3 5
1962 -1966 2.5-3 3.2~ 4.0 5

Days without ice: 210 - 227 days per year {Atlas of Fin-
land 1960)

Depth m O, mg/l y % n pH n

VI - X, 02-1 B.s-~106 F0-120 8 52-7.1 8

19621967 25-3 3.2-108 30-120 8 53—-6B.a 8

IL - IV, 05-1 1a- 94 11— 69 5 4s5-5% 5
1962 - 1966 2.5-3 0O.-- 1.3 0- 14 5 B.5-6.4

Depth  Conductivity

m asS n KMnO, mg/l n

VI - X, 2—1 20 -30 6 13.9 — 38.0 4

1962 — 1967 2.5-3 20-31 6 15.5 - 89.0 4

I —1IV. 5—~1 25 -39 5 25.4- 310 4

1962 -1966 2.5-3 25-38 5 26.0— 5%.0 4

Depth Colour Pt mg/ Transparency m

m Range X n Range X n

27. 111962 ~0.2-1 5— 40 222 18 1.5->3.0> 3.0 12
24. X, 1967 5-100 354 18 (bottom)

=}
&
&
-1

VI. - X, 0
1963 — 1967 2,
0
2

II - IV.
1964 — 1968

|
=]
A
-
b =13

Benthic fauna and zooplankton

The bottom fauna mostly consisted of Pisidium spp., but
larvae of Libellulids, Sialis, Chironomids and Ceratopogo-
nids were also important (TUUNAINEN 1968).

The biomass was high compared with other lakes of the
same type. In winter 1962/1963 it remained unchanged, but
during summer 1963 a rapid increase was observed, chiefly
owing to a marked increase in the numbers of Pisidinm
after the poisoning. Pealts in biomass valunes were again found
in the autumns of 1965 and 1967 (Figs. 13 ~ 14).

In spring 1963, when the brown trout and rainbow trout
Iry was released, zooplankton was found to be fuite plentiful
in Sahalampi.

The composition of 14 samples (1.4 1 each) taken on

"11. V1. 1963 was as follows (specimens per 10 1):

HRotatoria 202
Bosmina sp. 1
Cladocerous embr. 2
Diaphanosoma brachyurum 68
Ceriodaphnia sp. 175
Hydracarina 1

Total 469

Fish population

At the time of the poisoning (27. VIIL 1962)
the fish population consisted of perch and ruff,
about 70 kg/hectare (TorvoNEN 1962).

On 25.V.1963, 1500 specimens of brown
trout iry and 500 specimens of rainbow trout fry
(2 500 specimens per hectare), both 3 -5 e¢m in
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Year Fig. 13. Biomass of benthic fauna in Sahalampi.
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Fig. 14. Density of benthic fauna in Sahalampi,
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length, were released into the lake. The fry was
from Porla fish hatchery, Lohja. Data on the
growth of the troul are presented in Figs.
28 - 31, The growth rates of both species were
high in the first year, and even later were higher
than average (cf. TUUNAINEN 1068).

Food of the fish released

Larvae of Agrionids, Aeschnids, Libellulids
and Trichoptera, as well as larvae and pupae of
Chironomids, were important food of both trout
species (Table 15). In addition, zooplankton,
aerial food, and parts of plants were observed.
A quotient of similarity of 63 — 87 9, was cal-
culated (TvuNAINEN 1966D).

Tables 16 — 17 show the selective feeding of

Table 15. Food of brown trout and rainbow trout in Saha-

lampl, A = age of the fish (years), B = mummber of fish

studied, C = average number of food organisms per stomach,

D = average volume of food (ml), D = main food items as
percentages (number/volume).

A B C D E

Brown trout:

17. X. 0+ 3 19
1963

0.8 Agrionid larvae 25/27 9%,
Libellulid larvae 13/28 9%,
Trichopterous larvae 3/33 %

1.1 Chironomid larvae 61/41 %,
¥ pupae 27/20 %,
Libellulid larvae 8112 9%,

1.0 ’I‘richt:s‘terous larvae 39/41 9%,

28.-29.V, 1+ 10 186
1964

5.-6.X, 1+ 11 5

1964 Libellulid larvae 28/32 %,
Agrionid larvae 16/12 9

16, ¥, 2+ 4126 3.5 Libellulid larvae 1346 9.,

1965 Chironomid larvae 37/7 %,
Sialis larvae 16/14 %

22, VI 2+ 1 41 1.0 Corixid larvae 68/15 %,

1965 Libellulid larvae 2/50 %,
terr. insects 13/25 %

9, IX. 2+ 5 49 1.5 Cladocera 44/13 %,

1965 Chaoborus larvae 2611 %,
Trichopterous larvae 10/24 9,

1. VI. 3+ 4 68 5.4 Libellulid larvae 22/41 ¢,

1966 Chirenomid larvae 28/2 9%,
Corixid adults 20/8 %

2, IX. 3+ 6 63 5.5 Libellulid larvae 22/56 %,

1966 Trichopterous larvae 23/22 o,

Agrionid larvae 12/5 %,

4.2 Agrionid larvae 54/25 9%,
Trichopterous larvae 22/17 %,
Aeschnid larvae 3/17 %

14.-15. X. 3+ 7 41
1966

Rainbow trout:

28.—29.V. 1+ 5 91 2.9 Chironomid llmpae 62/22 o,
1964 Chironomid larvae 30/5 %,

Aeschnid larvae 2/26 9%,

4.7 Trichopterous larvae §9/66 %,
Libellulid larvae 23/28,
terr. Arachnids 8/6 2

brown trout and rainbow trout. The diet of the
latter was less variable than that of the brown
trout.

Table 16. Forage ratios for brown trout and rainbow trout

in Sahalampi.
@ 8
o $ & w0 3
= & 3% § ¢z
N =] = - '
o= ook B L 8 M
r= o 4 g - P - 4
™ o - . - - ™
| 1 © I T I
3 i . =t 1 = .
E 8 8 AR & = o 3
Erown trout:
Pisidium sp. - - - - = D - -
ellus
agquaticus 6.73 - - - = {7 = Q.8
Agrionid
larvae - 04 = = 020 193¢ 5.30 32.70
Aeschnid » - - - = — 25.2¢ - -
Libellulid » 57 Buar 390 135 Oz 4.1 4o 3us
Sialis ) - - D408 ~— 193 0uor Q54
Trichopterouss — 1.3 65.40 1.78 6.6 1d.20 5.58 12.58
Chaoborus v — D3 - - - — 4270 -
Chironomid 061 2.07 020 — 0az 1.8 - O.os
*  pupae - 119.40 ~ 87 - - - -
Ceratopogonid
larvae - Da O0m - - - - -
Rainbow trout:
Hydracarina 0.69 - - - - - -
Agrionid
larvae - Q. - - = - -
Libellulid + — 149 3050 - -~ - =
Trichopterouss ~ 1. 11120 - -~ - - -
Chaoborus v —  {l3s - - = -
Chironomid » - 1., - - - -
v pupae -~ 233.00 - - - - -
Ceratopogonid
arvae — 025 - - -

Table 17. Frequeney (%) of occurrence of henthic animals in
bottom samples taken from Sahalampi on twelve different
dates (A), in stomachs of brown trout (B) and rainbow tront
(C) caught on mine and two different dates, respectively,
and in eight samples of brown trout (D) and two samples of
rainbow trout (E) taken simultameonsly with hottom

samples,

A B C D E
Oligochaeta 25 — - - -
Pisidium sp. 100 33 - 13 -
Asellus agquaticus 58 44 - 38 -
Argyronela aquatica 17 - - - -
Hydracarina 83 - 50 ~ 50
Ephemerid larvae - 11 - - .
Agrionid ' 50 100 50 63 50
Aeschnid » 17 44 50 13 -
Libeltulid » 92 100 100 100 100
Notonecta » 8 11 — - -
Corixid v 8 22 50 - -
» adults - 67 = - -
Dytiseid larvae 8 - — -

* adults ~ 44 50 B

Other Coleopterous larvae 17 - - -
Sialis larvae 92 67 - a3 -
Trichopterous larvae 75 100 100 88 100
Lepidopterous » 17 -~ — - —
Chaoborus ) 50 33 50 - 50
v pupae 8 11 - 25 -
Chironomid larvae 100 78 50 75 50
* pupae 42 33 a0 25 50
Ceratopogonid larvae 92 33 50 25 50
Other Dipterous » 8 -~ = - -

» 1 pupae 8 - ~ -
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Reaqctions of the benthic fauna

Asreported earlier (TuuNaINEN 19663, 1966b),
a clear interaction was discernible, both in
densities and in biomass values, between the fish
stock and the bottom fauna. This interaction is
seen in Figs. 13 -~ 17. The bottom fauna was
originally very poor, but after the killing of the
fish, a rapid increase occurred. The observations
{Table 15) indicate that the brown trout fed on
bottom animals toward the end of their first
growth period. The decrease of the fish stock is
here again reflected in higher average biomass
values of the bottom fauna in 1965 — 1967,

7. Julkujirvi, Yldjiirvi
General description

61° 33’ 36" N, 23° 31’ 20” E, 143 m ahove sea level. Area
3.2 hectares, maximum depth 9.8 m, volume 100 000 m?
(TorvoNeEN 1962). Of the shoreline 55 % is stony, 33 %
sandy and 12 % paludified. Bottom mainly mud, part of
the littoral stony and sandy. Springs in places (TUUNAINEN
1966a, 1966b). No inlet and no outlet.

The belt of emergent vegetation consists of high sedges,
which are absent on stony shores, Nuphar lnteum grows to a
depth of 1.5 -~ 2 m. Fig. 17.

The lake s clearly stratified in summertime.

The oxygen contenlt was quite low in many winters. At
least in the late winter of 1964/1965 some of the trout died of
Iack of oxygen; after the melting of the ice abhout 20 rainbow
trout were formd dead, but most of the trout survived
(TUUNATNEN 1966b). During the summer stratification, the
oxygen content was high only from the surface to 3 m depth,
and there was a marked deficiency in the deeper layers. The
Iake is slightly acid, and its electrolytic conductivity and
KMnO, consumption are quite low.

According to JARKEFELT'S (1953) classification, the lake is
intermediate between the olige- and mesohumous types. The
transparency is as in mesohumous lakes,

Some chemical and physieal data {according to TUuNAI-
NEN 1968} are listed below:

100 m

Fig. 17, Julkujirvi, Black dots indicate sampling stations.
Other explanations: see Figs, 3 and 5.

Depth m t°C n
VI - IX. 05-1 10.4—-19& 7 Maximum on
1961 - 1966 2, VL. 1965
~3-7 6 Metalimnion
To0—9%s 5.7-~10.2 7
II1. - IV, G3s—1 04— 1o 6
1963 — 1966 3 09— 3.5 5
7 42— 45 2

Days without ice: 194 — 200 days per year (TUUNAINEN
1966a, 1966b) N ¢

Depth m Oy mgfl 0% n pH n
VI - IX. 04-1 95-108 86-120 5 5s-T72 4
1961 - 1966 3 B8e—- 94 88- 95 3 57-7a4 4
5 -7 01— 93 0- 81 5 5He8—Ta 4
IIL - IV. 05~1 18-100¢ 13- 74 6 b5.s—6B1 3
1962 - 1966 3 0O- 5u 5—~ 25 5 Hue-5s8 32
5 =7 (Oz-= 05 0- 5 4 58-8.0 3
Conductivi KMnO
Depth m uS ty n mg/l‘
VI - IX. Ds5-1 12-15 3 20-29 3
1961 - 1966 3 11-14 3 20-26 3
-7 11-26 3 21-32 3
III. - IV, 05—-1 14 1 22-42 2
1962 — 1966 3 15 1 24 - 238 2
-7 21 1 30-51 2
Depth ~ Colour Pt mgfl Transpar-
m Range X n Ency m n
17. IX, 1962 —
22, VIII. 1.0 15-35 268.a 3
1966 7.0 20-45 33s 3 22 1

Benthic fauna and zooplankton

Pisidium spp., Asellus aguaticus and Chironomid larvae
were important constitnents of the bottom fauna. The in-
crease of the blomass from 1963 to 1964 (Fig. 18) is chiefly

Z0

o/m? 1 Ratencne treatment
[ 1m
/] 3 »
v
L]
T ok ¥
Year 1962 1963 1964

Fig. 18. Biomass of benthie fauna in Julkujérvi.



86 Pelcka Tuunainen

due to the increase of Pisidium and Asellus aquaticus (cf.
TUUNAINEN 1968).

At the time of release of brown trout and rainbow trout
into the lake, the zooplankton consisted mainly of Rotatoria.
The composition (specimens per 10 1) of 54 samples (1.4
each) taken on 6. — 7. VI. 1963 wnas as follows:

Rotatoria 127
Daphnia sp.
Bosming sp.
Holopedium gibberum
Calanids

Cyclopids
Ceriodaphnia
Hydracarina

tHE Rt O

Total 134

Fish population

At the time of the poisoning (17. IX. 1962),
the natural fish stock consisted of perch and
crucian carp, their total biomass being 36.s
kg/hectare (TorvoNEN 1962). An introduction
of brown trout and rainbow trout fry on 29. V.
1963 failed because rotenone had persisted over
the winter.

According to TorvoNeEN (1962), 0.s mg/l
rotenone was used to kill the very resistant
crucian ecarp. On 6. VI. 1963, 50 kg crystalline
KMnQ, or 0.s mg/l was used to eliminate the
poisonous effect of the rotenone. On 26. VL
1963, 250 specimens of brown trout fry and 350
specimens of rainbow trout fry (a total of 187 per
hectare) were released into the lake. On 30. X,
1963, 400 specimens of one-summer-old brown
trout and 600 rainbow trout of the same age
were released into the lake. After the second
introduction the total density was 499 specimens
per hectare. Both batches of rainbow trout
originated from Myllypuro hatchery, Yl&jarvi.
The brown trout originated from Indalsilven,
Sweden (Mr. I. Vuorinen, personal communi-
cation).

The growth rate of the brown trout was low
during the first two growth periods but con-
siderably higher during the third growth period.
The four-summer-old brown trout were of nearls
the same size as brown trout of the same age in
Kivi-Ahveroinen (Figs. 28 —29). It was im-
possible to tell whether these were trout in-
troduced in the spring or in the autumn, because
the first growth area of the scales was cquite
small in both batches.

In the rainbow trout the growth rate from
the very beginning was higher than in the other
lakes investigated. The fish that had been in-
troduced in the spring were easy to distinguish
from those released in the autumn, because in

Table 18. Food of rainbow trout in Julkujirvi. A = age of

the fish (vears), B = mumber of fish siudied, C = average

number of food organisms per stomach, I = average volume

of food (ml), E = main foor} 1ten)\s as percentages (number/
volume).

A B C D E

Z. VL1964 1+ 11 971 44 C.hl.ronomld pupae

81/78 %, Asellus 9/10 9%,
terr. insects 9/9 %,
Asellus 82/72 9, Tri-
chopterouslarvae 3/22 %,
Chironomid larvae 11/39;

20. X.1964 14+ 14 192 32

Table 19. Frequency (%} of occcurrence of benthic animals in

bottom samples taken from Julkujéirvi on two different

dates (A), in stomachs of brown trout (B) and rainbow trout

{C) caught on one and two different dates, respectively, and

in one sample of rainbow trout (ID) taken simulfaneously
with hottom samples.

A B G D

Pisidium sp. 100 — 50 -
Aselius agquaticus 100 (100) 100 (100)
Nepa sp. - - 50 -
Corixid adults 50 (100) 100 (100}
Dytiscid larvae 50 100 —

» adults - - 50 =
Donacia pupae 100 - - -
Sialis larvae 50 - - -
Trichopterous larvae 50 ~ 100 ~
Chironomid 100 - 100 (100}

* PuDaB 50 50 .

the former the first growih area in the scales
was clearly larger than in those which were kept
in the hatchery until autumn. Figs. 30-31
show that the size difference between these
groups persisted, becaunse their growth rates
were aboul equal.

Food of the fish released

The diet of rainbow trout was found te consist
mainly of Asellus aquaficus as well as larvae
and pupae of Chironomids. Food items are
listed in Tables 18 and 19.

The forage ratios for ecleven rainbow trout
collected on 2. VI. 1964 were as follows:

Asellus aguaticus .25
Corixid adults 1.00
Chironomid larvae 0.02

Reactions of the benthic fauna

After the poisoning there was a marked in-
crease in both the density and the biomass of the
bottom fauna (Fig. 18). Because of the small fish
population the bottom fauna increased more
than in the natural state,
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8, Sdrkilampi, Saarijérvi
General description

62° 45’ N, 25° 09’ E, 145 m above sea level, Area 2.5
hectares, maximum depth 5.5 m volume 75 000 m?3 {Tolvo-
NEN 1962). The shores are slightly paludified. Bottom mud
(TuuNamNeN 1966a, 1966b). No inlet and no outlet.

A belt of sedges on the shore. Nuphar Iuferm and Nym-
phaea candida grow to a depth of 1.5 m. Aquatic mosses at
a depth of 3 metres, Fig, 19.

Thermal stratification ig incomplete in summer, with the
hypolimnion etther partly or completely lacking.

In March 1966 the oxygen content was quite low. Death
of trout in the winters 1963/1964 and 1964/1965 was pre-
sumably caused by lack of oxygen in the ice-covered lake or
at the time of the spring cirenlation as in polluted lakes. In
summer the oxygen content was high down to twe metres,
whilst it was temporarily low in the deeper water even in
summer.

The water is slightly acid. Electrolytic conductivity,
KMn(Q, consumption, alkalinity, total hardness and Fe
content are low. According to JARNEFELT's (1953) classifica~
tion, the lake is meschumous bt in the colour of the water it
resembles the oligohumous type.

Some physical and chemical data {(according te Tuu-
NAINEN 1968) are given below:

Depth m te°C n
VL -VIII. 0.2-1 13.1-21.4 7 TMaximum on
1962 — 1966 20. VII. 1965
~ 4~ 5.5 Metalimmion
4.5-5.3 6.3~ 14.8 7
III. 1966 1 1.0 1
3 3.3 1
X 4.0 1

Days without ice: 192198 days per year (Atlas of
Finland 1960)

Fig. 19, S#rkilampi. Black dots indicate sampling stations.
Other explanations; see Figs. 3 and 5.

Depth m 0, mg/l Og% mn pH n
VIL-VIIL 0.3-1 6s8—-11.0 72-126 5 5.9-6.7 4
1962 — 1966 3 0Oe-11s 10-127 5 bHa-6: 3

45—-5 0.0— 82 0- 83 5 5.8—6.4 4
1I1. 1966 i 5.9 43 1 50 1
3 1.8 13 1 58 1
5 0.2 71 5 1

Depth Conductivity EMnO,
m uS n mgfl n
VIL - VIIL. 0.2-1 19 - 24 5 25.5— 30.0 4
1962 — 1966 3 18— 31 2 26.0~ 29,9 3
4.5-5 18-36 a 26.0— 34.0 4
III. 1966 1 26 1 29.8 1
3 32 1 20.8 1
5 30 1 334 1
Depth Colour Pt_mg/l Transparency m
m e X n Range X n

7. VIIL 1962
-23.V

III.  0a2-1 20-30 257 4 2.0-3.7 23 5
1966 45-5 3JI0—60 450 4
Total

Depth  Alkalinity hardness Fe
m mvaljl™ n *dH n mgln

VIL 1965- 0.2-0.5 Q.8—-0a7 2 0.33—028 2 =
1966 4.5 -5 Quaz—0as 2 0us-0us 2 =
IIL. 1966 2 0as 1 024 1 0.1
5 02z 1 O 1 Owo 1

Benthic fauna and zooplankton

The bottom fauna consisted mainly of Pisidium spp.,
Asellus agualicus, and larvae of Sialis, Chaoborus and Chiro-
nomids (TouNAINEN 1968). In comparison with the other
lakes investigated, the biomass of the benthic fauna was

"Uf t  Rotenone treatment
8/ms? I 1m
B 3o
o 5
K]
0
i
0t
T .
Year 1362 1963 964 1988 1963

Fig. 20. Biomass of benthic fauna In Sirkilampi.
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quite high. The increase in the biomass of the bottom fauna
from 1963 to 1964 was mainly due to the increase in the
numbers of Asellus egquaticus and Pisidium spp., and the
subsequent decrease from 4. VI. 1964 to 20. VIL 1965 was
mainly due to the decline in the numbers of Asellus. In
addition, the brown trout and rainbow frout released in
summer 1964 may also have reduced the mumbers of the
bottom fauna. A further increase in the henthic faima was
observed after the fish stock decreased (Fig. 20%. On 6. VIL
1983 the composition of 30 zooplankton samples (1,41 each)
was as follows (specimens per 10 1)

Rotatoria 7
Bosmina sp. +
Cladocerous embr. 1
Ceriodaphnia sp. 17
Chydorus sp. 8
Diaphanosoma brachpurum +
Chaoborus sp. +

Total 33

Fish population

At the time of the poisoning (30. VIII. 1962),
the fish population consisted of perch, roach,
ruff, pike and burbot, in total 79.s kg per hectare
(ToIvONEN 1962).

Brown trout fry and rainbow trout fry (5 000
specimens each) were released into the lake in
spring 1963. These fish died during the fol-
lowing winter owing to the lack of oxygen.

On 19.V.1964, 500 one-year-old (10 cm,
10 - 15 g) brown trout and, on 10. VII. 1964, 500
one-year-old (10—-15 cm, 15-25 g) rainbow
trout (a total of 400 per hectare) were introduced
into the lake (TUuUNAINEN 1966b). By 28. VIIL.
1964, the average Iength of 24 brown trout was
18.6 + 0.5 em and their average weight 73 + 6 g,
and that of 32 rainbow trout 19.7 = 0.z ¢cm and
86 + 4 g, respectively. Although these fish had
grown well, this introduction also failed and
ne more fish were caught.

Reactions of the benthic fauna

A rapid increase in the bottom fauna occurred
in the summer following the poisoning, The
trout released in 1964 were so large that they
could immediately feed on the bottom fauna.
The effect of the predation of these fish can be
clearly seen. After the death of the fish in winter
1964/1965 the biomass of bottom fauna in-
creased again in 1966,

9. Langviken, Kaarlela ({)ja)

General description

63° 46" 30" N, 23°01'E, at about sea level. Area 2.2
hectares, volume 70 000 m? (TorvoNenN 1962). Maximum

100 m

Fig. 21. Lansjviken. Black dots indicate sampling stations,
Other explanations: see Figs. 3 and 5.

depth 5.0 m. Of the shores 45 %, are stony and 55 %, peatland,
Bottom mud (TuuNAINEN 1966a, 1966b). A small outlet
but no inlet.

Emergent sedges with Calla palusiris and patches of
Phragmifes communis on the paludified shores. Spargenium
SpD., Nuphar luleum and Nymphaea candida to a depth of
1 - 1.5 m. Fig. 21.

The lake is thermally stratified in summer, although the
volume of the hypolimnion is small.

On 25. II. 1964, the oxygen content was quite low, but no
death of fish die to lack of oxygen was observed. In summer
there was an oxygen defleit in the deepest water layer only.

The lake is slightly acid, the electrolytic conductivity is
higher than in the other lakes studied, the KMnO, con-
sumption is quite high and the Fe content low. According to
JARNEFELT'S (1953} clacsification, the lake is polyhumous,
In transparency it is intermediate between meso- and poly-
humous lakes,

Some physical and chemical data (according to Tuu-
NAINEN 1968) are listed helow:

Depth m tec n
VL — IX. Gs-1 13.0-18.2 3 Maximum on
1962 — 1964 3. VIL 1963
~3-5 3 Metalimnion
4 —4x B.8— 122 4
IL 1964 1 0.5 1
3 30 1

Days without ice: 153 - 167 days per year (TUUNAINEN
1966a, 1966bh)
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bepth o man 0, % n  pH n
IX. 1962- 1 7.3 72 1 6.3 1
1963 4.5 5.4 a2 1 0.6 1
XII - IL 1 3.8-9.7 28 - 70 2 6.6 1
1963 - 1964 3 2.7 2 1 -
6a E 1 = —

Depth  Conductivity KMnO, Fe
m us n mg/l n mg/l o
IX.1962~ 1 60 1 67.0 1 - -
1963 4.5 63-95 2 131.0 1 0.33 1
XII. - I 1 136 1 1.0 1 = -
1963 — 1964 3 110 1 70.0 1 - -

Trans-

Depth Colour Pt_mg/l parency

m Range X n m n
3. IX. 1962 - 1 90 - 110 100 2

25. IT. 1964 300 300 1 13 1

Table 20. Food of hrown trout and rainbow trout in Ling-

viken. A = age of the fish (years), B = number of fish

studied, C = average number of food organisms per stomach,

) = average volume of food (ml), E = main food items as
percentages (number/volume).

A B C D E

Brown trout:
2;)6_33‘ IX. 0+ 8 28 1.5 Chironomid larvae 62/53 %,
1

Asellus 37/42 %,

Terr, insects 44/30 9,
Chironomid, pupae 38/12 9,
Asellus 12{22 %

Asellus 66/32 9%, Aeschnid
larvae 7/22 9, Trichopterous
larvae 6/18 9,

6. VI. 1+ 4 78 1a
1964

25.VII. 1+
1964

i)

11 .7

Rainbow trout:

2,~3.1X, 0+ 10 243 1.1 Cladocera + Copepoda

1963 54/32 %, Asellus 17/18
Lymnaelds 12/16 9%

6. VI 1+ 10 147 0.8 Chironomid pupae 61/53 %,

1964 terr, insects 27/27 %, Tri-

chopterous larvae 0,7/10 ¢,

Cladocera 55/42 9,
terr. insects 2219 %,
Asgellus 12/7 %

25 VIL. 1+ 5 43 Da
1964

Table 21. Forage ratios for brown trout and rainbew frout in
L ken

Brown trout Rainbow irout

2, -3, 6.~17. 2. -3 8, V1.

IX. 1963 VI.1964 1IX, 1963 1964

Hirudinea = 1.2
Bisidium sp. - .01 0.06 -
Asellus aguaticus 1.80 1.57 2.00 (IR}
Trichopterous larvae = 11.u -~ 5.55
Chaoborus " - - O0az -
Chironomid * 124 (.12 0.2 0.2
[ pupae - 20450 - 254.50
Ceratopogonid larvae o4 7.55 (I8 T 15.10

Table 22, Frequency (%) of occurrence of benthic animals in

bottom samples taken from Léngviken on four different

dates %A), in stomachs of brown trout (B) and rainhow trout

(C) taken on three different dates and in two samples ol

brewn trout (D) and rainbow trout (E) taken simultaneously
with bhottom samples.

Chironomid » 100 67 100

A B [ D E
Nematoda 25 — = =
Gordius sp. — - 33 = -
Oligochaeta 100 - - - -
Hirudinea -~ - a3 a0
Glossosiphania sp. 50 - - -
Helobdella sp. 7h - -
Valvafa sp. 25 a7 67 - -
Lymnaeids - - 67 — -
Pisidium sp. 75 33 33 5t) a0
Asellus aquaficus 100 100 100 100 100
Hydracarina - - 33 - -
Ephemerid larvae - = 33 - -
Aeschnid » 25 33 33 - -
Libellulid » 50 - - -
Corixid adults 50 33 67 =
Dytiscid larvae - - 33 -
» adults - 33 100 - =
QOther Coleopterous
larvae 5 - 33 - -
Sialis larvae 50 — - - -
Trichopterous larvae 50 67 33 50 50
Lepidopterons » - 33 — - -
Chaoborus ] 75 — 67 - 50
100 100
3 pupae 50 100 100 50 50
Ceratopogonid
larvae 75 67 67 100 100

Other Dipterous » 50 - = Ak =

Benthic fauna and zoeoplankton

The bottom fauma (Fig. 22) consisted mainly of Oligo-
chaeta, Pisidium spp., Asellus aguaticus and larvae ol Chiro-
nomids (TuuNAINEN 1868).

The composition of the zooplankton (specimens per 10 1)
on 3, VIL. 1963 (27 samples, 1.4 1 each) was as follows:

Rotatoria 16
Dalphm‘a. sp. 62
Polyphemus pediculis +
Cladocerous embr, 2
Calanids 1
Cyclopids 21
Copepod nauplii 2
Hydracarina +
Chaoborus sp. 1
Total 105
207 1 Rotanone treatment
g/m?
[ ] I'm
E 2-3
1 4-5 «
10 4+
N + *
Year 1962 1963 1964

Fig. 22. Biomass of benthic fauna in Langviken.
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Fish population

At the time of the poisoning the natural fish
stock consisted of roach, pike and rather large
crucian carp, in total 17.s kg/hectare (TorvoNEN
1962).

On 15. VI. 1963, 2 500 specimens of brown
trout fry and 2 500 specimens of rainbow trout
fry (a total of 2 272 per hectare) were released
into the lake, The brewn trout were from Huo-
pana fish hatchery, Viitasaari, and the rainbow
trout from Kontiolahti fish hatchery (Tvuwar-
NEN 1966a, 1966h).

In the brown trout the growth rate was a little
below the average (Figs. 28 — 29), whilst it was
near the average in the rainbow trout (Figs.
30 - 31).

During the first two growth periods the brown
trout were smaller than the rainbow trout but
after the fourth growth period they were slightly
larger than the rainbow trout (cf. TUUNAINEN
1968).

Food of the fish released

Larvae and pupae of Chironomids, Asellus
aquaficus, larvae of Trichoptera and surface

organisms comprised the hulk of the brown
trout’s food (Table 20). Zooplankton and ter-
restrial invertebrates were important constit-
uents, and of the bottom fauna Asellus aqua-
ticus, larvae and pupae of Chironomids, Val-
vaia and Lymnaeids were utilized.

As can be seen from Tables 21 — 22, the food
of the rainbow trout was more variable than
that of the brown trout.

Reactions of the benthic fauna

Because the natural fish stock was too small
to utilize the bottom animals efficiently, the bio-
mass of the bottom fauna was quite high at the
time of the poisoning in summer 1962, except at
1 m depth. After the treatment, the bottom
fauna at t — 3 m increased in 1963 and even in
1964, although the trout were already feeding on
bottom animals in late summer 1963, but de-
creased at 4 — 5 m owing to a decrease of larvae
of Chaoborus and Chironomids (Fig. 22, Table
20; TuuNaINEN 1968).

IV. Biological production!

After the natural fish stock has been killed,
the biomass of the benthic fauna increases accord-
ing to Pearl — Verhulst’s formula. The maximum
growth rate (r,) of a population (P) is obtained
from the formula

= rqP (1 —le-)

where K is the maximum biomass of a popula-
tion observed and { = time (cf. e.g. HAvNE &
Bari 1956).

The bottom animal production (net produe-
tion) in Sahalampi in the summers of 1963 —
1967 was calculated from the data of TuUNAI-
NEN (1968):

4 P
At

! . W i 3

T Wi - E I

P‘% . o . -

. 5] of

o= ] | | >

o= - — &

I I% PS o o e~

—d O =S oe R L

Aahall] 2 B2 1=l (xR GDH
P g/m® 13.730 A.e3s 10,521 11,207 8.150
AP e 22,970 3.528 14.803 —4.785 7.535
K » 25.115 B.399 17.0m Bom 13.417
At days 128 131 81 a3 141
'm Quo2s7 (L0210 G.od04  —0.0283% 0.0187

By using conversion coefficients (pp. 92 — 93)
and values of maximum growth rate (ry), the
bottom animal production between 29. V - 6. X.
1964 can be calculated as follows. If the conver-
sion coefficient of 5. or 12, is used, the
amount of bottom fauna eaten by the fish in
that period is 4.es or 11.=s g/m? respectively.
According to bottom anirnal samples, the in-
crease in the bottom animal biomass was 3.s
g/m? at the same time. The whole production
(gross production) is thus 8.z 15.a g/m? or,
generalized to represent the whole lake, 821 —
153.1 kg/hectare. The increase is thus 2.s- to
5.a-fold during 131 days. These values are a little
too low on aceount of sources of error discussed
later.

1 Some of the terms used in this paper are defined as

follows:

Production = actual increase in biomass

Productivity — production capacity

Net produetion = biomass at the end of a growth period —
biomass in the beginning of the same period

Gross production == net production + predation (caused by
fish or by man)
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1983 2.345 22,770 22,770 17.79 128
1964 2.871 8.205 — 15.305 11,755 8.97 131
1965 3.1 17318 — 21,188 19,226 23.14 81
1966 13.870 — 23— 05 —Qare —Qay 23
1967 S.ae2 7.835 7.585 5,84 141

The bottom animal production in the other
four summers 1963, 1965, 1966, 1967 can he
calculated in the same way. The above tabula-
tion based on the data from Sahalampi shows
that it depends clearly on the initial biomass
of benthic animals in the spring.

An attempt was made to calculate the rate of
increase of the biomass of bottom animals
during the growth period, as the initial biomass
value was known. The growth rate is highest
with optimal initial biomass and slows up if
there is no new source of energy and if the
species composition remains unchanged. Ulti-
mately, a situation is reached where the growth
rate is zero, The perishing part of the biomass is
replaced, but there is no increase. If the initial
biomass value is still higher, the growth rate
is negative and the biomass returns to the level
where the growth rate is zero (Fig, 23). In spring
1966, the initial biomass value of the over-dense

G:m‘.:th Upper limit of biomass in
E optim?l circumstances
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TFig. 23. Dependence of the increase of the biomass on its
initial size in the caze of the henthic faana,

100x Fm

f

10 F

r

g/ me

5 15
Biomass

5 F

Fig. 24. Dependence of the rate of increase of thebiomass
on its initial size in the case of the benthic [auna. The effect
of predation Ly fish is excluded. The correlation coefficient
(r) for the ascending part = + 0.905 (0.10 > P > 0.05). Regres-
sion line g = 1,099 2. b £ 83 = 1,070 & O.35s. The number of
degrees of freedom is 2. The correlation coefficient (r) for
the descending part = — 0.996 (0.10 > P > 0.05). Regression
line f = — 0.637 & + 5.768. b + 35 = — O.897 = 0,08e. The number
of degrees of freedom is 1.

stock was so high that it decreased towards
the autumn.
Fig. 24 shows regression lines for the rate ot

Log U100 g/mir day)
}

20F

grme \

Fig. 25. Dependence of the increase of the biomass on its
initial size in the case of the benthic fauna. The effect of
predation by fish is taken into consideration. The correlation
coefficient (r) for the ascending part = + 0.030 (010 > P >
0.05). Regression line log y = C.10 x. b+spy = 0O.210 £ O.108.
The number of degrees of freedom is 2. The correlation coef-
ficient {r) for the descending part = — 0.es8 (P > 0.10).
Regression line log y = — 0uis & + L.602. b & 5p = - Q.16 &
0.010. The number of degrees of freedom is 1.
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Table 23. Frequency distribution (%) of the benthiec fauna
on the basis of samples collected in the springs of 1963 — 1967
(cf. ToUNAINEN 1968), and similarity of the samples caleu-
iated from the percentage: according to SpRENSEN’s (1948)
method based on the quotient of similarity.

1963 1964 1965 1966 1967
Oligochaeta 2 - - + =
Pisidium sp. 3 51 o2 64 33
Asellus aguaticus 2 - - 4 8
Argproneta aguaticn 3 - 1 - -
Hydracarina 3 1 1 1 -
Agrionid larvae = 1 = + -
Aeschnid * -~ - - + =
Libellulid » 3 1 2 4 10
Nofonecta  » 2 - - - ~
Corixid » 5 - - - -~
Dytiseid ] 2 - - - 2
Other Coleoptercus larvae 9 -~ ~ - -
Sialis larvae - 2 6 6 47
Trichopterous » - 1 2 + 2
Lepidopterous » - 1 - -
Chaoborus » — 2 - — -
Chironomid » b8 41 31 19
» pupae - 1 1 1
Ceratopogonid larvae 2 1 3 -
Other Dipterous larvae 2 - - = -
» » pupae 2 - - = -
Total 98 102 100 99 102
1963 1964 1965 1966 1967
1963 47 44 23 10
1964 - - 89 75 37
1965 - - - 8 43
1966 - ~ ~ - 47
1967 -~ - - - -

increase of the bottom animal biomass. In this
calcnlation the influence of the fish stock has
been ignored. The growth rate, r, = 0.m63, Was
found to be optimal if the initial value was
3.ss gfm?2, and zero if the initial biomass was
9.05 g/m? In Fig. 25 the effect of the fish stock
has also been taken into consideration. The
growth rate was optimal, 0as g/m?/day, if the
initial value was 3.e5 g/m?2, and zero i it was
13.70 g/m?2,

The initial value of the benthic animal biomass
is almost the same in the two calculations. If the
second method is employed, the biomass value
at which the growth rate is zero is clearly greater.
The second calculation, in which fish are included,
is more correct.

Temperature conditions and other environ-
mental factors were rather uniform during the
period of study (cf. TuuwNaiNex 1968). The
differences in growth rates cannot be due to
differences in the cemposition of the fauna,
because in 19264, 1965, and 1966, for instance,
the increase of the biomass was very different
in spite of great similarity of the boitom fauna
composition (Table 23). These differences were
thus in all probability caused by the different
initial biomass values of the bottom fauna,

Since the trout feed mainly on bottom organ-

isms and those living on submerged vegetation,
the increase of the biomass of fish depends
essentially on the abundance of these. Calcula-
tions concerning growth of fish population were
based on catches, mean weights (TUUNAINEN
1968) and data included in Fig. 34. An attempt
was also made to estimate the increase in the
biomass of the fish stock from that of the bot-
tom fauna.

The growth rate (rs) of the fish biomass was
calculated in the same way as that of the bottom
fauna (p. 90). The value of K was obtained by
adding to the biomass at the end of a growth
period the catch in the same period.

25. V - 29.V— 21. VI - ]15\,%(
16, X, 1963 5, X, 1964 9. IX. 1965 1966
P kgiha 15.9 28.5 14.1 1.8
4P s 217 9.2 5.0 4.4
K ¥ 26.7 34.1 16.6 14.0
4t days 145 130 81 137
Fm 0.0288 0.0178 O.0291 0.0172

The growth rates (r;;) of the bottom fauna and
the fish stock were as follows:

Year Bottom fauna Fish stock
1963 0.0287 Q0.0233
1964 L0210 0.0178
1965 0.0404 0.0201
1966 —{).0285 Q.0172
1967 0.0187 0.0000

Except in 1966, the growth rate of the bottom
fauna was higher than that of the fish stock.

Assuming that the biomass of the bottom
fauna is equal at the same season of the various
years (autumn—winter) if there is no predation
by fish, one can calculate the bottom animal bio-
mass which will be converted into fish flesh
and serve as a source of energy for the fish.

Growth of the fish biomass was 9.z kg/hectare/
130 days (0.con g/m?/day) during the summer of
1964. For this growth an average of (0.o077
4,635 g/m?%*/day =) O.o3s7 g/m?/day of bottom
animals was needed. 4.e5 is the average biomass
of bottom animals (£} in summer 1964, 0,007 is
the difference between the mean growth rates
(rm) in 1963 and 1964 (cf. Havyne & BALL 1956).
The difference, 0.e3s7 g/m?/day — 0.00n g/m?*/day
= (.02 g/m?/day, represents the proportion of
the increase of bottom animal biomass used for
the energy requirements of the fish. The average
conversion coefficient (food eaten by fish per
unit of fish flesh produced) for the fish population
in Sahalampi in the summer of 1964 was thus

0.vas7 g/m*jday = 5.8
0.0071 gfm?/day '
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In 1965, the ry, of the bottom animal biomass
was 0.o04 instead of 0.0z in 1964; the difference
is Q.mwm. Assaming that the growth rate of the
bottom fauna would have been the same in 1965
inas 1964 if the fish had not been present, it is
estimated that the fish must have used (0.0194 %
1.e3s g/m?/day =) 0.o0s9s g/m?/day of the bottom
fauna in 1964, The conversion coefficient is
higher than that above:

0,088 _g/m®/da;
[ﬁ.{m‘ﬁd&; = 12,66

However, the correct conversion coefficients
are slightly higher than these, because part of
the bottom animal biomass was consumed by
fish both in 1963 and in 1965, to which the values
of 1964 were compared. Another source of error
is the fact that the fish also fed on plankton and
terrestrial insects to some degree. (During the
period 29. V-- 6. X, 1964 the average volume of
the food of the fish in Sahalampi consisted of
93.7 9% bottom fauna, 6.0 9 aerial food and 0.3 9,
zooplankton,)

The mean value of the conversion coefficient
(8.85) estimated for Sahalampi is a little higher
than those obtained in some other experi-
ments. According to ParuLies ef al. (1954), con-
version coefficients for brown trout fed with
natural food varied for 2. to 7.. The lowest
values were obtained with fresh fish and the
highest ones with Gammarus (6.s) and house-fly
maggots (7.1). ScHAPERcCLAUS (1967) investigated
the effect of temperature. If rainbow trout are
kept under the same circumstances and fed
with the same food, the conversion coefficient
is 2.9 at 10°C and 6.0 at 17°C. A high O, content
of the water decreased the conversion coefficient.,
In experiments carried out in aquaria at 9 — 12°C
the conversion coefficient was 4.1 for rainbow
trout fed with larvae of Chironomids and 5 - 8
for those fed with fresh fish. For fish living in
natural waters higher conversion coefficients are
obtained than for fish kept in pools and aquaria,
probably because hunting for food may demand
more energy in natural waters than if the fish
are fed regularly.

Table 24 shows that the smaller the propertion
of the total biomass constituted by the fish
stock, the greater is the sum of the hiomass va-
lues of the bottom-feeding fish and the bottom
fauna.

In a study of the correlation between fish
stock and bottom fauna (FFig. 26), observations

made during the period 27. VIII - 16. X of the
years 1962 — 1966 were used to avoid errors
inherent in spring or summer samples (emergence
of Ephemerids, Odonata, Trichoptera, Sialis
and Chironomids, for instance). The negative
correlation between the biomass wvalues was
significant.

Table 24, Fish stock and boltom [auna (kg/hectare) in
Sahalampi.

Fish Botiom Total

stock fauna
27. VIII, 1962 70.0! 740 774
25. V —12. VI, 1863 5,08 25,45 28.5
16. X. 1963 26.4 251.15 2770
29, V. 1964 6.8 28.1 55.3
5 -6. X. 1964 30.3 63.99 4.3
21 VI. 1965 12.4 31.ae 43.8
9 IX. 1965 16.8 179.22 195.8
1,—2, VL 1966 11.8 136.79 148.4
2, TIX.1966 14.4 8%.14 103.5
6. —-17. VL. 1967 0.0 58.32 58.8
24, X. 1967 0.0 13407 134.z

1 ToryoneN (1962).
t¥Fry of brown trout and rainbow irout.

Benthic fauna
log kg/hectare
10 r

0.1 ; - . . . : :
10 20 30 &0 50 60 70

Fish stock kgshectare

Fig. 26, Correlation between benthic fauna and fish stock in

Sahalampi. The correlation eoefficient (r) was — 0.056 ( 0.01]>

P > 0.001). Regression line log g = — 0,020 x + 2.330. b & 5p,=
— 0,020 = 0,003, The number of degrees of freedom is 4.
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Cateh 10g /hectare/
fishing hour/gear unit
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Numbers introduged (100 /hectare)

Fig. 27. Dependence of catch on stocking density. The
correlation coefficient {r) was + Q.70 (005 > P > O0.01),
Regression line gy = 0.516 & — 0.370. b = sp = 0.516 + O.223. The
number of degrees of freedom is 6. For the calculations catch
values from Table 27 were used except for Kivi-Ahveroinen,
where only catches up to 17, IX, 1966 (47.5 kg and 794 fich-
ing hours) were used. All the fish in question were released
as fry.

Pekka Tuunainen

In the lakes studied the fishing efficiency
was 34 — 398 hours per gear unit per hectare
(Table 25). Catches from Satimuslampi and
Julkujirvi were quite large in spite of a con-
siderably lower fishing intensity.

Fig. 27 shows that the catch per unit of
fishing gear per unit of time is within certain
limits dependent on the numbers of fish in-
troduced.

In most of the lakes the fishing intensity was
low and the total catches quite small (1.5—10.s kg/
hectarefyear.) (Tables 25 — 27). The catches from
Sahalampi and Langviken are exceptional. The
catch from Sahalampi consisted mainly oi brown
trout and 85 9 of the fishing was done with nets.
In Langviken about two thirds of the catch
was rainbow trout and 97 9, of the fishing was
angling. According to SeMME (1954), trout pro-
duction in large and medium-sized Norwegian
trout lakes is 2 — 4 kg/hectare/year, while small
lakes can produce up to 8 kg of trout/hectare/
year. )

The percentage recapture of rainbow trout
was statistically very significantly greater than
that of brown trout in four lakes out of seven

Table 25. Fishing intensity expressed as fishing hours.
In the whole lake Per hectare Per hectare per year

Fishi A Fiish— Fiish- N Fish- Fish- An Fish-

ishing n- ng ng n- ing ing - ing
Lake with net | gling | with | ‘°™ | with | gling | with | "°®! | with | gling | with | To%!

seine net seine net seine
Kivi-Ahveroinen 1708.0 4.0 - 1712.0 | 3972 0.9 ~ 398.1 99.3 0.2 - 99.5
Satimuslampi 5.5 16.0 - 68.5 26.3 8.0 - 34.3 6.6 2.0 - K
Pien-Valkealampi - 50.0 - 50,0 - 50.0 - 50.0 — 12,5 - 12,5
Ahvenlampi 52.0 3.0 - 55.0 55.0 3.z - 59.1 27,9 1.8 -~ 29.5
Ulpasjérvi 248.0 37.0 — 1021.0 | 265. 10.0 — 275.5 | 580 2.0 - 55.0
Sahalampi 197.0 26.5 9.0 2325 | 246.0 331 11.3 290.4 6L1.5 8. 2.8 728
Julkujarvi 113.5 24.0 - 137.5 30,4 7.5 - 42.9 LX) 1.9 - 10.8
Léngviken 9.5 270.0 - 2705 4.3 | 1227 - 127.0 1.1 30.8 3.7

Table 26. Recapture of brown trout and rainbow trout. The t-value is for the dilference in percentage recapture between
brown trout and rainbow trout.

Brown trout Rainbow trout Total
. Num- Num-~ Num- =V
Lake bers | Catcl }1‘,‘;?%:}}? bers | Catch %iﬁ.ag:;‘t.e bers | Catch l},%?‘g:}ﬁe f=value

intro- [ exx. + S.H. intro- | exx. + S.E. intro- | exx. +S.E

duced duced duced R
Kivi-Ahveroinen 7 000 141 2.01 4 0.18 — — - - — - -
Satimuslampi 2 000 37 2.85 £ C3s | 2000 60 3.00 = (028 | 4000 117 2.93 £ Loz 0.283
Pien-Valkealampi 2 0 63 3.15 &+ Q.30 150 25 16.87 £ 3.05 | 2 150 88 4002 0.8 | B.oaa***
Ahvenlampi - - - 300 24 B.00 = 1.57 - - - -
Ulpasjirvi 1 500 85 S.86+ 060 | 1500 144 Q60+ 0,75 | 3000 | 229 .64+ 0,48 4, 051" **
Sahalampi 1 500 186 12.40 + 0.85 500 15 300+ 078 | 2000 | 201 10,05 £ 0.87 | O.o26**"
Julkujérvi 650 10 1.54 + O.a8 950 78 8204 0.7z | 1600 83 5.50 £ Q.57 | 5,776%%*
Sirkilampi 500 24 4.80 & 0.9 500 32 G.40+ 100 | 1 000 56 5.0 + Q.73 1.108
Langviken 2 500 174 6.9 = 0.51 | 2500 | 365 1460+ 0 | 5000 | 530 | 1040 £0.48 | 8B70%%




Ann. Zool.

Fenn. 7. 1970 95

Table 27. Cateh of the introduced fish. In the right column a (+) means that introduced fish were still left after the sampling
in the autumn of 1966. The ligures for total catch (kgfhectare/year) refer to the time since intreduction.

(Table 26). MonTEN (1964) observed the same
feature in the natural waters in Sweden, and
pointed out that rainbow trout reach fishing size
sooner. In Sirkilampi the difference between the
recapture percentages of brown trout and rain-
bow trout was small, and the size of the two
species at the time of recapture was the same.
The introduction of rainbow trout into Saha-
lampi failed because of the acidity of the water,
but the exceptional result for Satimuslampi
remains unexplained.

If both rainbow trout and brown trout were
released into the same lake, the percentage of
rainbow trout in the catches of the growth
periods T —III was usually greater than that of
brown trout, but later the brown trout were in
the majority.

Recently, very much attention has been paid
to the possibility of caleulating the productivity
of the waters (e.g. CARLANDER 1955, PALoHEIMO
& Dickie 1965, 1966a, 1966b, Ryper 1965,
Iviev 1966). IvLEV (1966) presented a general
equation for estimating the unknown produc-
tion of any population of heterotrophic organ-
isms from information on the production of its
food populations and appropriate coefficients.
In this equation

t
Wes K Evi e;
i=1

where W is the production of some group of
organisms (a population) for a time interval from
i =1toi=1#(i = the initial time step) and K
the emergy coefficient of growth (energy used
for growth divided by the quantity ol energy
that an organism obtains in its food), v; is the

Per fishing h
Number of Kg per geargun?tu 2
Lak i i 2 k neight
e rain- rain- per & g per | weig) N
l}:‘;‘ﬂl how | total btll-.';v,:{‘ bow | total | hec- ml;:‘f)er XX kg heec- | of fish li“‘h
trout trout tare | year tare |caught| left
g
Kivi-Ahveroinen 141 — 141 60.8 - 60,8 14.1 3.5 (082 0,035 U.ooe | 429.8 +
Satimuslampi 57 60 117 7.7 70 15,3 7.7 1.0 1.708 | Q228 Q.uz | 130.8 +
Pien-Valkealampi 63 25 83 3.5 1.7 5.2 H.2 1.3 1.760 0.104 0.104 59.1 +
Ahvenlampi 1 24 25 3 5.8 6.1 6.8 3.3 0,455 0.111 Q.20 | 2440 +
Ulpasjarvi 85 144 229 22,2 23.3 45.5 12.3 2.5 024 0.045 Gorz | 198.7 -
Sa mpi 186 15 201 223 1.2 23.5 29.4 T4 0,885 0.101 O.126 | 116.9 -
Jullowfirvi 10 78 88 7a 22 29.2 21 2.3 0,510 0.212 O.o0s | 331.8 +
Sarkilampl 24 32 56 1.5 2.8 4.5 1.3 1.8 - - — 82 -
Langviken 174 365 539 28,1 65.4 93.5 | 425 10.8 1.932 0.335 O.s52 | 173.5 +
Total| 741 | 743 | 1484 | 153.¢ | 1200 | 23835 | |

production of food populations and e; the so-cal-
led ecotrophic coefficient. The »dynamic» eco-
trophic coefficient is obtained from the equation

2N
i=1

i
X 4 B;
i=1

ei—'

where ¢; is the unknown ecotrophic coefficient
for a time interval from i — 1 to { = {, which
will in general be a rather long time interval,
typically a year, r; is the daily ration, and 4 B;
the daily increment of the food. This »dynarnics
ecotrophic coefficient by IviEv (1966) is the
ratio of a predator’s consumption to the pro-
duction of ifs prey.

To calculate the growth of fish populations,
Pavoneivo & Drckie (1965, 1966a, 1966bh) de-
seribed a method based on knowledge of the
water temperature and the energy metabolism
per fish, This method and those presented by
Iviev (1966), Davis & WarREN (1968) and
Ricker (1968) are in general very similar, even
though the initial values are somewhat different.

An attempt was made to calculate the trophic
step between bottom fauna and fish stock in
Sahalampi on the basis of IvLev’s (1966) method
and that presented by HIavne & BarL (1956).

At optimuim density and composition the aver-
age growth rate of the bottom animal biomass
in Sahalampi was 0.s g/m?/day (p. 92). If the
conditions for bottom animal production re-
mained optimal throughout the growth period,
and if all the new biomass produced by the
bottom fauna were consumed by the fish, the
productivity of the fish steck can be calculated
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from IviEV’s (1966) equation. (Length of growth
period in Sahalampi is regarded as 150 days
per year and a conversion coefficient of 8.s is
used.)

150 x 0.18 g/m#*/day

® = 150 0.8 g/m¥day

1
8.5

K = = 0t

by = 0.8 g/m*/day

t
2l vger = 150 x 0us x 1 g/m?
I=1

t = 150 days
These data give, from the equation
t
W = KJ v,
i=1

W = 0.11 x 150 % 0.18 g/m? = 2.07 g/m?

The productivity was thus 2.7 g/m?/growth pe-
riod or 29.7 kg/hectare/growth period.

The actual fish production (gross production)
in Sahalampi was calculated to be as follows:

1963 D.015 gfm®/day
1564 G.ouz v
1965 0.008 »
1966 0.003 ]

The average productivity of the fish stock was
K x 0.as g/m*/day or 0.0: g/m?/day. In various
years the fish production was actually 15 - 75 ¢,
of this. The apparently high efficiency percent-
age (756 %) in the first growth period is chiefly
due to the facts that besides the benthic fauna
the fish also utilized plankton in their first
growth period, and that the conversion coef-
ficient for the young fish is lower than that for
older stages. In the second (35 %), third (30 ¢
and fourth (15 %) growth periods the efficiency
percentages almost always depended on con-
sumption of bottom fauna.

V. Growth of the fish released

1. Growth and the coefficient of condition

The growth of the brown trout and rainbow
trout was checked by sampling, mainly with
gill nets, and in some lakes (Table 25) also with
reel and seine fishing. Attempts were made to
eliminate the selective effect of the gill nets (cf.
McComsiE & Fry 1960, McComBIE 1961) by
using nets of appropriate mesh sizes (12, 17, 20,
25, 30, 35 and 40 mm) simultaneously. In reel
fishing there is always the possibility that the
tackle exerts a selective effect.

The mean lengths and weights of the fish
caught were reported by TuuNaINEN (1968). The
differences in the growth of the fish of the
same species in different lakes were considerable,
except during the first growth period (Figs.
28 — 31). The most important limiting factor was
too high a density, with resulting competition

Table 28, Growth in length and weight during the growth
periods I—ITI of brown trout and rainbow trout intro-
duced inte the same lakes.

I II 111
by R X R X n

Brown trout:

em 154 13.2-17.5 8.0 9.4 — 11,9 B2 0&-8s
g 253 15 -43 713 356 -117 13206 3 -333
Rainbow trout:

em 216 20.0-22. 74 l7-172 34 18-—7a2
g Tlo0 68 -93 150.7 41 -526 1110 3 -414

for food. As can be seen from Table 28, in rain-
bow trout the increase in weight was nearly
2 -3 times as great as that of brown trout in
the first and second growth periods, and only
in the third growth period was the inecrease in
weight greater in brown trout than in rainbow
trout.

With a few exceptions, the length : weight ra-
tios of salmonids fit Fulton’s formula (cf. e.g.
SemME 1954, Brown 1957);

I3

W =100

X K

The coefficient of condition (K) is determined
with the aid of the following formula

100 W
K=—f
where W = weight of fish in grams and L =
total length in centimetres.

Many sources of error have to be taken into
account if the coefficient of condition are used
to compare different populations. For example,
the stage of maturity and the amount of foed
in the stomach of the fish affect the values of
the coefficient.

In Table 29 the average coefficients of condi-
tion for the trout are presented. One-summer-
old brown trout in Kivi-Ahveroinen had the
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Table 29. Coefficient of condition in brown trout and rainbow trout.

1 Introduced in spring
& Introduced in autumnn

lowest wvalue (0.s0), and it was highest in the
three-year-old brown trout in Julkujérvi (1.se).

2, Factors affecting growth and survival
Genetic facfors

Immature stages of different stocks of brown
trout have a tendency to show a similar growth
pattern in similar conditions. Arm (1939, 1949,
1959) reported that there were no differences in
the growth rates of the young of Salmo fruita
morpha fario and S. frufta morpha lacustris kept
under similar conditions. Brown trout inhabiting
a brook were already mature at the age of three
years instead of five years, the usual time for a
lake population; the fishes which inhabited a
brook also remained smaller than those living
in a lake.

According to Brown (1957), it is hard to
prove that genetic factors have a direct effect
on growth, but they may considerably afiect
the growth pattern of young fish, the time of
maturation and, in connexion with the Iatter,
also the maximum size. She alsc showed that
in a dense population of brown trout there were
no differences in growth even if the quality of
the food was different, whilst in a sparse popu-
lation with abundant food supply there will be
differences caunsed by food and genetic factors.
From this point of view, the origin of the Iish

Age in years 0+ 1+ 2+ 3+ 4+
Sum- Au- i Sum- Au- i An- i Au- o Au-
T mer tumn Spring mer tumn Spring tumn Spring tumn Spring tomn

H Kivi-Ahveroinen - [X:1 0.01 - O.88 [LE 0.01 (.99 1.00 T.01 -
2 Satimuslampi - — 0.02 — 0.36 Q.00 - - 1.04 - -
+ DPien-Valkealampi - - 1.00 0.91 0.93 0.75 0.78 - 0.84 ~ -

; Ulpasjdrvi - 1.0 1.04 - 0,98 0.88 0.85 0.85 [1X:73 0.07 0,02
Sahalampi - 0.83 1.0z - 0.93 1.00 1o 1.05 1.05 - -
5 Julkujarvi - - - - 1.0 - - 1.80 107 - -
Sarkilampi - - - 1.14 - - - - - - -
gviken 0.90 - 1.08 0.93 - -~ - - 1.02 - -
Satimuslampi - - 1.00 - 0.95 0.a7 - - 1.m - -
H Plen-Valkealampi - - 1.02 0.94 0.95 0.n 0.62 - - - -
& Ahvenlampi - - - - - 1.08 0,97 1.m 0.98 - -

B Ulpasjérvi - 1.0 1.12 - 0.07 0.01 0.90 (.38 (s 1.03 1.08
z Sahalampi - 0.08 1.18 - 1.00 - - - - - -
& Julkujirvi - - 1.29 - 121 1.031 - 1.4 - - -
'E * - - - -~ %.sn : - - - - -
i » - - - - - 29 - - -~ - -
rﬁ » - - - - - 1.27% - - - - -
Sérkilampi - - - - 1.14 - ~ - - - -
Langviken .28 - 1,08 Q.98 - - - - 1.18 - -

is of minor importance if the amount of food is
the limiting factor, as was the case in the lakes
studied by the present author. This is true at
least up to the time when the fish become
mature.

In rainbow trout there are great differences in
the adaptability of different stocks to life in
natural waters (e.g. Mr31é 1935, NERESHEIMER
1937, NiLssonN & SvArpson 1962, JENSEN 1964),
In our waters a Danish spring-spawning race of
rainbovs trout was used.

Quality and quantity of food

The availability of suitable food for each size
group is important for the growth of brown
trout and rainbow trout (e.g. RayNeEr 1953,
Nivusson 1955, JouannNes & Larxkin 1961). Fish
which feed on insects, plankton and other small-
sized food remain smaller than those which feed
on larger animals such as Mollusca, larvae of
Trichoptera, Asellus, Gammarus, and fish. This
is true even if the small-sized food is abundant
(e.g. DanL 1917, ALm 1939, SemmE 1854, SEPPO-
vaara 1962).

Young brown trout and rainbow trout feed
mainly on zooplankton (Cladocera, Copepoda).
The plankton diet of older brown trout and rain-
bow trout consists mainiy of Cladocera, whilst
the amount of Copepoda eaten is almost nil
(LINpsTROM 1955, JomanNEs & LARKIN 1961).
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Table 30. Dependence of growth of brown trout and rainhow trout on the abundance of zooplankton and benthic fauna.
In the table the correlation coefficients (r) together with the t-values and corresponding probabilities (P) of the popu-
lation regression coefficient ¢(b) being equal to zero are presenfed.

1 For caleulation, a log-transformation of growth was used.

According to JomanNNES & Larxkin (1961),
NirssoN & SvArDsoN (1962), and TUUNAINEN
(1966b), rainbow trout continue to feed on
plankton and aerial food to a larger size than
brown trout.

As the size of the fish increases, their diet
changes from plankton to bottom fauna. In two-
and-a-half-month-old rainbow trout from Lang-
viken the volume of plankton eaten was only
32 9% in fish whose mean length was 14.s cm.
Brown trout whose mean length was 10.» cm
had already begun to feed on bottom fauna and
aerial food. In Sahalampi, 97 9, of the diet of
one-summer-old brown trout (mean length
13.s cm) consisted of bottom fauna, the volume
of zooplankton being only 1 9 and that of
aerial food 2 9.

In those lakes (e.g. Julkujérvi, Kivi-Ahveroi-
nen and Sahalampi) where the bottom fauna
was abundant and the organisms relatively large,
the growth rate of the fish was high. In this
respect Asellus as well as larvae of Trichoptera
and Odonata were obviously important. The
relations between the growth of fish and the
amount of plankton and bottom fauna were stud-
ied on the basis of plankton and bottom animal

Growth r It P D.L

Density of zooplankton {(exx.f10 1) brown trout cm + (038 0.076 > 030 4
in the first growth period rainbow trout + (Loo7* 3.05% Q.10 > > 0.0s 2
brown trout g - (.348 0.74¢ > Q.30 4

rainbow trout — (.0s2 Q.17 > 0.30 2

Density of zooplankton (exx./10 1) brown trout cm —0.0m2 Q.187 = 030 4
in the first growth period/ rainbow trout + 0.490 Q.785 = 030 2
introduction density (exx./hectare) brown trout g + 0.385 (837 > (.30 4
rainbow trout + 0.986% B.as7 Q.02 > > 0.01 2

Abundance of benthic Tauna (g/m?%) brown trout ¢m — Oz [1X:133 > 0.20 4
in the first growth period rainbow trout ~ {).780 1.788 030 > > Q.20 2
hrown trout g + 0.078 O.809 > (.30 4

rainbow trout + 0.018 O.o28 > 0.30 2

i

Abundapce of benthic fauna &g/m“) brown trout cm + (676 1.838 Q.20 > > Ouo 4
in the second growth peric rainbow trout + 0787 2,215 0.20 >+ > Q.10 3
brown trout g + 0.263 0.547 = O.z0 4

rainbow trout! + 0.923%* .14 0.05 > > 0,02 3

Abundance of benthie fauna (10 g/m®) hrown trout em - 0116 {.235 = 0.30 4
in the first growth perlod/ rainbow trout =G5 {.18¢ > Q.30 2
introduction density (exx./hectare) brown trout g + (385 {.g3az7 = Q.30 4
rainbow trout + 0,935 B.na7 0.02 > > 0.mm 2

Abundance of benthic fauna (10 g/m?) brown trout om + Ods0 0,954 = (3o 4
in the second growth period/ rainbow trout + (. o4r* 5.150 Oz > = 0.0t 3
introduction density (exx./hectare} brown tront g + (uo28 0.047 Z- D30 4
rajinbow trout® + 0,048™ 5.om1 Q.02 > > 0.01 3

samples collected in early summer (¢f. TuuNar-
NEN 1968). The resuits are seen in Table 30.

The results show that the growth of rainbow
trout is more dependent on the amount of plank-
ton and bottom fauna than that of brown trout,
because the potential growth rate of rainbow
trout is probably higher during the first and
second growth perieds than that of brown trout.
Therefore it is likely that the amount of food
will earlier become a limiting factor for rainbow
trout.

Some physical and chemical properties of the
water '

Ozygen contenf. During the period of open
water the oxygen content of the epilimnion is
usuaily sufficient. In winter the oxygen content
was satisfactory in all lakes except Sahalampi
(1.5 — 9.4 mg/l, 11 — 69 %), Julkujérvi (1.s - 10.0
mg/l, 13— 74 %) and Langviken (3.s — 9.7 mg/l,
28 — 70 9%).

In the periods of full circulation, all the bottom
areas are available as feeding areas for the fish,
whilst at the time of the summer and winter
stagnation only a part of the bottom area is
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available, because of the oxygen deficit. This
directly affects the growth of the fish and their
productivity. In the stagnation periods the
percentages of the bottom areas above the given
levels of oxygen content were as follows:

Summer ‘Winter
= T oo =] Eu I
ik ggo BE 220
=] =]
Eg 243g BF A3y
§f  wgF 58  %gH
=} -‘__‘_E‘n =g ?,EEN

Kivi-Ahveroinen 1959 — 1966 80— 100 1961 - 1966 90 - 100

Satimuslampi 1962 — 1965 100 1963 80
Plen-Valkealampi 1862 — 1966 70 — 100 -

Ahvenlampi 962 — 1966 100

Ulpasjirvi 1960 - 1966 65~ 85 1952 1966 90 — 100
Sahalampi 1962 - 1967 85— 100 1962 ~1966 0~ B30
Julkujarvi 1961 — 1966 80— 95 1963 - 1966 0- 80
SHrkilampi 1962 — 1966 50 — 100 1066 30
Léngviken 1962 — 1964 100 1964 75

According to ScuipERrcraus (1961), the ox-
ygen requirements of salmonids in summertime
are as follows:

5 — 5.5 mg/l eritical
4 + respiration becomes difficult

+ insufficient during long exposure

3
152 » lethal even during short exposure

According to Wikeren (1963), the lowest
tolerable oxygen content for brown {frout in
summertime is 3 — 4 mg/l and 1.2mg/lat 2 — 3 °C.
Two-year-old rainbow trout survived in a lake
at + 2 °C when the oxygen content was 1.4 mg/l
(10— 11 %).

With rising temperature the oxygen consump-
tion of fish increases according to van’t Hoif’s
rule. In steelhead trout (Salmo gairdneri) it is
about 50 cm?® O,/g/h at 5 °C, about 70 cm® at
10 °C and about 180 em?® at 15 °C (Macan 1263),

Fry (1957) studied the effect of temperature
and oxygen content on the basic and active
metabolism of brook trout. At higher temper-
atures (20 °C), the basic metabolism increases in
relation to the active metabolism in large fish
proportionally more than in small ones. There-
fore small fish tolerate warm water better than
large ones. A fish is also able to regulate its
oxygen consumption within certain limits. The
lethal limit of temperature and oxygen content
is the level at which the oxygen required for
basic metabolism exceeds that needed for active
metabolism. At different temperatures the lethal
limit is thus different. According to VARLEY
{1967), rainbow trout tolerate higher tempera-
tures and lower oxygen contents than brown
trout,
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pH and Fe. Great and abrupt changes in
water quality are characteristic of small lakes
and ponds. If the calcium content is low (buffer
value small), both seasonal and daily fluctua-
tions of pH are considerable.

The influence of pH upon the growth of fish
cannot be verified exactly. In those lakes where
the growth rate of the fish was low, a low pH
was usually associated with low production of
bottom fauna and high introduction density of
fish. Low production of bottom fauna is often
caused by low pIL. According to Frost (1945),
lower growth rates of brown trout in rivers with
low pH values were mainly due to scarcity of
food (cf. also SEPPOVAARA 1962).

The pH also affects the fish itself. According
to Macaw (1963), the breathing intensity of
steelhead trout increases by 21 9% as the pH
changes from 8 to 5.a. The energy requirement of
a fish is thus considerably greater in acid than in
neutral water; this causes a decrease of the
growth rate in acid water, where the food supply
is also usually smaller.

Low pH may also affect the tissues of fish
(e.g. Scrirercraus 1954). But there was no
damage of the type reported, for instance, by
RyHANEN (1961) for some fish species in a lake
where the pH was temporarily as low as 4-5.

The CO, content of the water depends, within
certain limits, on pH and calcium content. If
the Ca content and pH are quite low, the bulk
of the CO, is free and only a small part is in
the form of bicarbonate (e.g. RUTTNER 1962).
Many species of fish tolerate carbon dioxide
quite well, but according to Fry (1937) many
salmonids are very sensitive to it. An increase of
blood carbon dioxide increases the respiration
rate and thus the energy consumption of fish.

A low pH together with a high Fe content of
the water is injurious to fish {e.g. OTTERSTREM
1938, SeEppovaaRra 1962). Iron is deposited on
the gill, because the pH of the fish is higher than
that of the surrounding acid water, and may
cause death by suffocation.

An Fe content as high as 1.e: mg/l was found
in Sahalampi on 26. 11. 1964 at 2.5 m depth with
pH 5.5, and 3.2¢ mg/1 on 9. IV, 1966 with pII 6.4
On both occasions the oxygen content was so
low (1.s and 0.0 mg/1) that the fish lived in the
upper layers where the oxygen content was
higher and the Fe content lower (0.1e — 0.9 mg/l
Fe at 0.5— 0. m). A high Fe content of water
was caused by absence or deficit of oxygen
(e.s. OmLe 1934, EinseELe 1936, MomrTIMER
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1941). However, no Fe deposits were found
on the gills of any brown trout or rainbow trout
in Sahalampi. In the other lakes investigated,
the Fe content of the water was not higher than
the average reported by JimwereLt (1958) for
Finnish waters.

The tabulation below, based on the data by
BErzins (1962), shows that in all the other lakes
except Sahalampi and Ulpasjdrvi the rainbow
trout lived at the pH optimum of the species.
For brown trout the quality of the water in all
the lakes investigated was suitable in this re-
spect.

Lethal limits Satisfactory

Brown trout 5.0

9.3 5.0— 5.6 8.0~02 5.6—-8.0
Rainbow trout 5.5 9.2 55-62 -9,

Temperature and length of growth period. In the
lakes studied no correlation was found between
the growth of the fish and the length of the open
water period. According to SEPPovAARA (1962),
the difference in growth between the brown trout
of Lake Imari and Lake Piijinne is caused by
a difference in the length of the growth period,
which is 3 — 4 months shorter in the former lake,
In the lakes studied now, the difference is mueh
smaller (1 -- 2 months).

In not one of the lakes was temperature found
to be a lethal factor, but it was one of the factors
limiting the growth rate, especially in winter.

During the open water period the increases in
length and weight of both brown trout and rain-
bow trout were clearly greater than in winter
time (Figs. 28 - 31).

As can be seen from the coefficients of condi-
tion (Table 29) the increase of weight compared
with that of length was greater in winter than in
summer. According to Erris & Gowine (1957),
a rapid increase in the value of the coefficient of
condition (i.e. a rapid increase of weight) occurs
right at the beginning of a growth period, in
May and June. The growth rate of brown trout
is highest at about + 12 °C, according to SwirT
(1961), and at temperatures above and below
this the growth rate decreases. Thus, there are
two maxima in the growth of brown trout, the
spring maximum being higher than the autumn
one. In winter and in midsummer the growth
rate is lower. According to Brown (1957), the
food intake of brown trout is maximal at 10—
19° C.

In the rainbow trout the optimal temper-
ature range is greater than in the brown trout
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(NERESsHEIMER 1937). According to JeNsEN
(1964), the optimal temperature for rainbow
trout is 10-18 °C. JonnsoN & HasLer (1954)
demonstrated that in lakes with a long open
water period and high mid-summer temperature
the growth rate of rainbow trout is lower than
in lakes where the temperature is lower. The
highest growth rate was observed at 14 — 18 °C.
The latter authors concluded that if the biomass
of fish was low, the factors regulating the growth
rate of rainbow trout were length of open water
period and temperature, but with increasing bio-
mass of fish the amount of food also became a
factor limiting growth.

Sexual maturity

The stage of sexual maturity of brown trout
and rainbow trout was estimated both in the
Tield and in the laboratory from gonads collected
at the same time as samples of alimentary tracts,
No natural reproduction was observed in any
of the lakes investigated, The nature of the
bottoms, mainly soft mud, limits the possibilities
of successful reproduction.

Table 31 presents the observations on the
attainment of sexual maturity in the fish in
the lakes investigated. Only one specimen of
brown trout beeame sexually mature in Saha-
lampi daring the second summer. In Ulpasjirvi
the brown trout became sexually mature roughly
according to the pattern described by Serpo-
VAARA (1962) for brown trout living in brooks.

Some sexually mature one-year-old male rain-
bow trout were found in Sahalampi, Satimus-
lampi and Langviken. Of the females, only the
largest fish in Julkujirvi reached sexual maturity
at two years of age.

The smallest sexually mature brown trout

Table 31. Observations on sexual maturation in brown trout
and ralnbow trout

Age

Sex years cm 4 n
Sahalampi
brown trout a8 1+ 22.0 99 1
ralnbow trout & 1 19.8—25.¢ 87 - 190 3
Julkuj#irvi
rainbow trout ¢ 2 35.0—-384 550-685 3
Satimmnslampi
rainbow trout g 1 19.2 - 223 66 - 109 4
Ulpasjarvi
brown trout & 2+ 24.8 153 1
» » 2 3+ 25.0 145 1
ralnbow trout & 2 26.2 — 26.5 154 — 170 2
» » g 3 20.0 257 1
» » E 3 29.5-315 275-280 2
Langviken
ralnbow trout g 1 19.7 — 20.4 86 — 104 3
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Table 32. Correlation coefficient (r) between growth and introduction density in brown trout and in rainbow trout,
together with t-values and corresponding probabilities (P) of the population regression coefficient (5) being equal to
zero, The data in Table 33 were used.

Growth Growth It] P D.L.
period

I brown trout em + (Loos 0.015 = 0,30 5

rainbow trout + 0,971 (.60 > 030 3

brown trout g — 0.5%0 1.638 Oz > > Qa0 5

rainbow trout — 0.3 1.928 O.20 > > 0.0 3

I hrown trout cm = 0,850 1.012 Qo > > 0o 5

rainbow trout — ().800 2,817 020 > > 0.0 4

brown trout g —0.511 0.73 = 0.m0 Bl

rainbow trout! — 0.718 2,055 020 > > 0.0 4

111 hrown trout em —0.z00 0,480 > 030 5

rainbow trout — 0728 1.328 0.20 > > Q.10 3

brown trout e — (.372 0.807 = 0.30 5

rainbow trout! — O.653 1.407 0.30 > > Q.20 3

t For calculation, a log-transformation of growth was used.

were from Sahalampi (g 22.0 cm) and Ulpas-
jirvi (& 24.s cm, ¢ 25.0 cm), SEPPOVAARA (1962)
reported that some male brown trout were sex-
nally mature when 16.s — 32,5 cm in length. The
smallest mature female found by him was 25 cm
long.

In the lakes treated with rotenone the length
of one-year-old sexually mature male rainbow
trout was 19.7 — 25.0 and that of two-year-old
femnales 35.0 — 38.a cm. According to Arm (1959),
the length at the time of maturation is > 17 cm
in male rainbow trout (2 to 3 years old) and
> 27 cm in females (3 to 4 years old). The values
obtained here are slightly greater than Aim’s
{1959), although the fish were younger. Accord-
ing to ScmirercLavus (1961), rainbow trout be-
come sexually mature earlier than brown trout,
some males already at the end of their first year,
i.e. as in the lakes of the present study.

Sexual maturation is mainly regulated by gen-
etic factors, but temperature, quantity and
quality of food, stream flow and photoperiodism
are also important (ALm 1939, 1959, ScHAPER-
cLaus 1961, Hazarp & Eppy 1951). In warm
and/or running water the fish mature at a youn-
ger age than in cold andjor still water. The
amount of food available has an indirect in-
fluence upon this, because early maturation is
correlated with a high growth rate and good
condition.

Male fish usually become sexually mature at
a younger age than females (e.g. Damr 1917,
Arm 1939, 1959, ScuirercLaus 1961, SErro-
vaasRAe 1962). Specimens of the Salmo irutia
group which live in brooks reach sexual maturity
at an average age of 3 —4 years, whilst those

which live in lakes mature at an age of 4-6
years (ALm 1939, SEPPOVAARA 1962).

Brown trout inhabiting a brook also spawn
more often than those inhabiting a lake; this
influences the growth rate too.

According to RAYNER (1953), the growth rate
of rainbow trout slows down after maturation.
The Ioss of weight caused by spawning, and the
growth of the gonads for the following year have
to be compensated by food. In those lakes where
the food organisms are small, the weight of
rainbow trout did not increase after they reached
maturity, even if food was available. It is thus
obvious that the growth rate of rainbow trout
slows down or, according to Ravy~NER (1953}, the

Table 33. Dependence of increase of length and weight of
brown trout and rainbhow trout in age classes I—1II on
the introduction density.

Introduction Length ecm Weight g
exx./hectare I II II1 II II1
Brown trout:
187 15.8 - - 36 - -
499 - 9.6 8 - 72 333
810 16.3 11.9 5.1 43 117 81
1628 18.4 11.2 11.2 23 162 366
2000 13.2 - - 20 - —
2150 - 6.1 3.5 - a5 o7
2000 146 5.4 0.8 15 45 3
2273 15.3 Q7 b0 25 87 120
2500 175 5.8 8.5 33 72 198
X 15.8 8.5 B0 25.0 843 1653
Rainbow trout:
187 22.0 — - 93 - —
499 17.2 & ] - 526 414
810 20.0 7.5 2.7 73 103 42
2000 22,6 1.7 18 79 44 36
2150 - 5.9 2.5 - 41 3
2272 218 5.2 2.7 68 102 60
2500 22.0 3.9 - 72 88 -
X 216 T 3.4 77.0 1507 1110
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fish may even die after spawning. There is no
reliable information, however, as to whether the
fish spawn even if there is no suitable spawning
ground, Tt is also not known what happens if
the mature fish do not spawn owing to lack of
a releasing stimulus.

Density of fish stock

The influence of intreduction density upon the
growth of fish in the lakes investigated could be

VI. Food of the

1, Composition

Terrestrial and aerial food. The number was
0 — 47 9% and the volume 0 — 30 9, in the brown
trout. The corresponding figures were 0 — 45 9,
and 0 — 46 9% in the rainbow trout. The numbers
of Chironomids, Ephemerids, Trichoptera and
Formicids were relatively high during the periods
of emergence and swarming of these insects
(TuuNaINEN 1966b). Both species of trout fed
on the most abundant food organisms (cf.
Frost & SmyLy 1952).

Plankion., The zooplankton amounted to
0-29 % of all food specimens and 0-9 9, of
the volume in the brown trout (except in Julku-
jérvi), and 0 — 55 9% and 0 -~ 42 9, respectively,
in the rainbow frout. Cladocera were the most
important, whilst the numbers of Copepoda were
insignificant in the diet of the older fish (cf. LinD-
sTROM 1955, JomannEes & LArRkIN 1961). In
Ulpasjérvi about 50 % of the food of rainbow
trout 27 — 28 c¢m in length consisted of plankton,
mainly Leplodora kindfi. For small-sized fish in
Satimuslampi, Eurgeercus lamellafus was an
important food item.

Benthic fauna. This group was the most im-
portant both for brown trout and for rainbow
trout in the lakes studied. In brown trout the
number of benthic animals was usually 53—
100 9, and their volume 36 — 100 %; only in
some young fish was their proportion < 10 9.
In rainbow trout hoth these values were 18 —
100 9.
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studied only during the first few growth periods,
because in the later years the differences caused
by different natural mortality and tishing be-
come so great that a comparison of growth
and introduction density was no longer war-
ranted (Table 32).

Table 33 shows the length and weight increase
of the fish. In rainbow trout growth seems to be
more clearly dependent on the introduction
density than in brown trout, in the range 187 -
2 500 fry/hectare.

fish released

Other food ilems. Traces of vertebrates (other
fish, frogs, etc.) were found in the diet of five
fish.

Some needles, leaves and other litter, together
with aquatic moss and pieces of roots of some
aquatic plants, were also occasionally found in
the stomachs of the fish.

2. Variations in food and food competition

Seasonal variation in food consumption is
presented in Figs. 32 and 33.

The quotients of similarity in the foed of brown
trout and rainbow frout were calculated using
Serensen’s equation (e.g. SerEnsEN 1948, Ja-
LAs 1962). Samples collected at the same time
in August are lacking. As can be seen below, in
this material the quotient of similarity was
lowest in July,

Month ¥V VI VIEVIII IX X XI XII
Frequency % 98 80 54 - 63 89 100 100
Volume o 91 89 55 -~ 61 90 73 89

There was also a clear daily variation in the
food of the brown trout and rainbow trout. The
similarity of food samples collected from the
same lake in the different years was very great.
If the fish stock was dense (e.g. Sahalampi),
the similarity in the food of brown trout and
rainbow trout was greater than if the density
was lower (e.g. Ulpasjéirvi). In those lakes where
brown trout and rainbow trout fed on the same
organisms, predation usually occurred at least
partly at different times of day or year (Tuu-
NAINEN 1966b).
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Fig. 32. Food of brown trout (above, n = 200) and rainhow
trout (below, n = 167) expressed as frequencies of occur-
rence. For further details see text.

Table 34. Forage ratios for brown trout calculated from

all data. n = number of samples in which the food

organism in question was found in the stomachs of the
fish eaught,
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Fig. 33. Food of brown trout (above, n = 200) and rainbow
trout (below, n = 167) expressed as percentage composition
of food items by volume, For further details see text.

Table 35. Forage ratlos for rainbow trout caleulated from

all data. n = number of samples in which the food

organism in question was found in the stomachs of the
fish caught.

n BEX R n Xtss R

Hirudinea 2 Ot £ 0.z Q.08 - 0.3 Hirudinea 1 1.a1
Pisidium sp. b5 0.1 = 0.3 0.1 — Q.67 Pisidiamn sp. 1 0.08
Asellus agquaticns 15 1043 .47 Q.08 — 673 Asellus aqualicus 6 lar+ (.4 0,44 2.00
Hydracarina 1 4.17 Hydracarina 3 203+ 2.5 0.60 704
Ephemerid larvae 2 10.23 6.15 — 14.50 Ephemerid larvae 1 12.80
Agrionid » 5 1160+ B3z 020 — 32,70 Agrionid » 1 Q.41
Aeschnid 0 1 25.20 Libeilulid » 5 B.es+ 3.6 0.22 — 30.50
Libellulid » g 70 436 1.3 — 3910 Other Odonatous larvae 1 0.0
Other Odonatous larvae 1 3.28 Corixid adults 1 1.00
Cortxid adults 2 38.50 2450 — 52.60  Sialis larvae 2 0.2a Goa — 0.4
Dytiseid larvae 2 1.40 0.2y — 2.0 Trichopterous larvae 7 17.55 = 16.08 0.1 —111.20
Sialis » 38 0.6+ 0.26 0.0z — 1.3 Chaoborus » 3 O.z0+ Q.10 0.5 —  O.s
Trichopterous larvae 18 10.87+ 3.96 0.0 — 65.40 Chironomid ' 11 Q.2+ 052 0.1 — 1.0
Lepidopterous » 1 .46 ® pupae 4  195.50+ 57.36 25,05 ~270.00
Chaoborus » 3 14.35 + 1417 0.0z — 42.70 Ceratopogonid larvae 5 3.0+ 286 0.14 —~ 15.0
Chironomid . 21 Gozt 0.5 O.p04— 207

» pupae 5 67.80 £+ 40,70 Q.3 ~ 204,50
Ceratopogonid larvae 5 21+ l.se O.04 — 7.5
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3. Selective feeding of fish

The mean values of forage ratios from all
the lakes are presented in Tables 34 and 35.
In Table 36, in addition, a summary of the
occurrence of organisms or groups of organisms
in the food and in bottom animal samples col-
lected at the same time is presented. This in-
formation is supplementary in those groups of
bottom organisms which do not occur at the
same time in both samples.

Both brown trout and rainbow trout had a
forage ratio > 1 in respect of the following
groups: Asellus, Hydracarina, larvae of Ephe-
merids, Libellulids, Trichoptera, and C(erato-
pogonids, as well as pupae of Chironomids.

A value < 1 was found for Pisidium sp., larvae
of Sialis and larvae of Chironomids.

In other groups the results for brown trout
and rainbow trout were different.

Brown trout andjor rainbow trout clearly
also selected larvae of Agrionids and Aeschnids
as well as adults of Corixids and Dytiscids.

The following groups were avoided: Nematoda,
Oligochaeta, Hirudinea, larvae of Coleoptera,
Drytiscids, and Diptera, as well as pupae of
Donacie and Diptera. As regards Hydracarina
and larvae of Libellulids, the results included
in Tables 34 and 35 differ from those in Ta-
ble 36.
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Table 36. Oceurrence of benthic animals in the food samples

and bottom samples collected at the same time (brown

trout in eight lakes, rainbow trout in seven Iakes). A =

found in food, not in bottom samples, B = found in bottom
samples, not in food.

A B Total
rain- rain-
brown bow brown bow A B
trout trout trout trout

Nematoda - — 38 27 - 5114

Gordius sp. - 217 ~ -  2/15 -
Oligochaesta - - 6/8 5f7 - 11715

Hirudinea - 1/7 - - 1715 -
Glossosiphonia sp. - - 28 147 - 315
Helobdella sp. - - 1/8 17 - 2/15

Lymnaeids - 147 — - 1/15 —
Pisgidiam sp. - -— 2/8 17 - 3/1b

Other Mollusea - 1/7 - - 1/15 -
Asellus aguaficus -~ - - 1/7 - 1/15
Argg;:neta aquatica 1/8 - 1/8 257 1/165 315
Hydracarina - 147 5/8 - 1/15 5715
Ephemerid larvae 2/8 177 - 27 3/16 215

Agrionid ] 2/8 317 - 5f15 -

Aeschnid » 1/8 7 — - 3/15 —
Libellulid » 1/8 1)7 2/8 3/7 2/15 5/15
Other Odonatous larvae — 217 1/8  1/7 215 2415
Nepa sp. - 1/7 1/8 - 1/15 1/15
Nofonecia sp. - - 1/8 17 - 2/5
Corixids 2/8 2/7 2/8 -  4/15 215
Diytiscid larvae 1/8 2y7 4/8 3/7 3115 7/15
»  adults 4/8 5/7 2/8 1/7 915 3/15
Donacia sp. pupae - - 4/8 47 - 8/15
Other Coleopterouslarvae — - 4/8  2/7 - 6/10
» ) adurlts — - — 1/7 - 1/15
Sialis larvae — — 4/8  4)7 - 815
Trichopterous larvae 118 1/7 1/8 - 215 1415
Lepidopterous » 1/8 17 18 247 2/16 3/15
Chaoborus larvae - 17 2/8 - 1/15 2/15

¥ pupae - 17 — - 115 —
Chironomid larvae — — 1/8 1/7 - 215
. pae B 17 118 17 2115 2015
Ceratopogonid larvae 1/8 177 2/8 ~ 2115 2/15
Tabanid larvae - 17 178 -~ 115 1/15
Other Dipterous larvae — - 38 27 - 51b
» pupae — - 2/8 27 - 415

VI1, Mortality

The mortality rate of the fish in Sahalampi was
studied with the aid of the marking—recapture
method (cf. RouNsSEFELL & EvERHART 1960).

A total of 60 fish (59 brown trout and 1 rainbow trout)
were caught on 5. X, 1964, measured, weighed, marked by
fin clipping and then released inte the lake. On 6. X, 1944,
52 fish were caught, of which 12 brown trout and 1 rain-
bow trout bore marks and the remaining 39 specimens of
brown trout were unmarked,

The total fish stock was reckoned to consist
of 240 specimens on 6. X. 1964. The proportion
of marked fish in the eatch was 25 %. The stand-
ard deviation of the marked group in the catch
is 8. At the probability level of 95 9, the num-
ber of marked fish in the catch is 13 + 6. Estim-
ated from these data, the number of fish on
6, X, 1964 was from 162 to 464, nearly all of
which were brown trout. The rainbow trout
caught on 5. X and 6. X. 1964 may have been
the last specimens, since not one was caught

later. In Fig. 34 an estimate of the number of
brown trout and rainbow trout in the lake
during the period 25.V. 1963 — 15. X. 1966 is
presented. The number of fish in Sahalampi
after 15. X. 1966 is hard to estimate accurately,
but because the last sampling was very inten-
sive, only a few specimens of brown trout could
have remained after that. In summer 1967 no
further fish were caught.

The natural mortality rates of the age classes
were estimated from Fig. 34 and Table 37. The
natural mortality may be a little lower than if
there had been no fishing, because the remaining
fish were in a better position than they would
have been if there had been no fishing. Thus
fishing will reduce the density-dependent mor-
tality (e.g. MLLER 1958, LE CrEN 1965). Table
38 shows the natural mortality rates of the age
classes I - III in Sahalampi. The low value in
the age class II in the rainbow trout may be a
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Fig. 34. Slze of fish stock in Sahalampi

result of the high efficiency of fishing (85.s %, of
the total decrease of rainbow trout stock).

In the various age classes of the brown trout
and rainbow trout the natural mortality rate is
not eonstant. It is highest in the first age classes
and diminishes with increasing size of the fish
(e.g. ALy 1939, JounsoN & HAsSLER 1954, HALME

& Orpana 1963). The natural percentage mor-

talities in the two trout species in Sahalampi
were in general higher than those reported by
the above investigators (p. 117).
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Table 37. Observations on the size of the fish stock in

Sahalampi.
After
Before sampling sampling
/ To'l‘.ﬂ?r T;gt?l Total Total
Exx./ Exx. Exx./ !
Date Specles hec- hee- hec- hec- ll{esc-
tare tare tare tare tare
27. VII, perch - - — — -
19621 ruft 1330 1330 70.0 0.0 0.0
25. v, brown trout 1875
1963°  rainbow trout 625 2500 5. 2500 S
16, X. by t 1
1653 Drowntromt 1080 110 260 1028 245
29, V. brown trout 465
1084 ralnbow trout 9 474 26,8 450 24.p
5. X. brown trout 298 :
1964  rainhow trout 2 300 30s 235 23,
21. VI.  brown trout 95 95 13.¢ 87 1l.e
1965
9. IX. brown trout 70 70 16 64 15.4
1965
1. V1. brown trout 29 29 11 24 Qs
1966
2, IX. brown trout 24 24 144 16 9.0
1968
15. X, brown trout 16 18 9.5 i} 3.8
1966

1 TorvoNEN (1962)
? Introduction

Table 38. Natural mortality rates in various age classes of
brown trout and rainhow trout in Sahalampi

o
@ O'S a - QE w
2 o 89°3F i o
% 2 wEHs? 3 7] o0e
9 R @ [=E=1]
8 2 g 895 B PEY
2 “@ .Eg'u ol =4 EE:
wgEsge 5 A E 3
I  brown trout 1875 1337.5 713
rainbow trout 625 604.7 96.8
II  brown trout 465 235.0 50.5
rainbow trout 9 1.3 14.4
IIT  brown trout 95 535 56.3

VIII. Discussion

1. General

The lakes dealt with in this study represent
special environments in both limnological and
biclogical respects. Small Iakes or ponds with
quite a small water volume are more susceptible
to environmental changes than larger ones, The

killing of the natural fish stocks with rotenone
also affected a great number of other amimal
groups and thus increased the special features
of these lakes.

Of the nine lakes studied, the natural fish
stock was totally exterminated in all except
Ulpasjiirvi. During a sampling carried out in
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Ulpasjédrvi on 4. -5. XII. 1963, twelve roach
were caught. The ages of these fish were 2+
years according to determinations made by the
scales, so at the time of the poisoning (5. VIII.
1960) they were about two months old. At the
temperature prevailing at the time of the treat-
ment (surface +21.s °C) (Suomen Kalastusyhdis-
tys 1961), the toxin disappears from the sur-
face water in about two weeks (cf. BERzINS
1961).

Samples of zooplankton collected ten days
after the poisoning showed that in the cold
hypolimnion the zooplankton survived quite
well, whilst only very few specimens were found
in the epilimnion; 4 '/, months after the treat-
ment no zooplankton were found (Suomen
Kalastusyhdistys 1961). In Julkujirvi, where
0.s mg/l rotenone was used, the zooplankton
was composed almeost entirely of Rotatoria.
The same was found in Ahvenlampi and Pien-
Valkealampi, too. The poison did not disappear
from Julkujirvi during the following winter, as
was shown not only by the zooplankton but
also by the fact that the brown trout and
rainbow trout released the following spring all
died. The toxic effect of rotenone on the zoo-
plankton lasted for about eight to nine months
in Julkujirvi; then it was inactivated with
KMnoQO,.

After the natural fish stocks had been killed,
all the lakes were without fish for at least one
winter. New fish were released into most of the
lakes in the summer following the poisoning:
brown trout, rainbow trout or both as fry or
as older fish. The new stocks were in many
respects exceptional. The species were in by
no means a natural state, and the age class
composition differed from that of natural
stocks, because the fish released represented
only one age class (cf. ToivoNeN 1962, 1964).
This diminished intraspecific predation and
lowered fish production. If the age composition
of the fish is normal, the different steps in the
food chains are more efficiently utilized by fish
than if the age composition is uniform. In their
lenitic conditions, small lakes differ from the
normal environment of trout fry; for instance,
active hunting for food is necessary. The ab-
sence of a current may cause changes in terri-
toriality and other behavioural activities (cf.
KarLeEBeRrG 1958). The lack of suitable spawn-
ing grounds in small lakes means that addition-
al introductions must be carried out at suitable
intervals.
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2. Limnological features

All the lakes studied lie between 60° 17
64235 N and 23°01°—28°38 E and 0-152
m above sea level. The areas of the lakes are
0.s — 4.3 hectares, maximum depths 3.0—19.s
m and volumes 16 000 — 215 000 m?® (TorvoNEN
1962, TUUNAINEN 1966a, 1966b). The shores of
the lakes are in general marshy or paludified.
The bottom is mainly mud with plankton debris.

Aquatic vegetation is quite scanty. The belt
of emergent vegetation consists mainly of
sedges and is generally narrow, at most some
metres broad. The belt of floating vegetation
usually grows to a depth of 1 — 3 metres. This
belt is very abundant in Sahalampi, Julkujirvi
and Laingviken. The submerged vegetation
consists chiefly of various species of aquatie
meosses. This belt is abundant in oligo- and meso-
humous lakes, especially in Kivi-Ahveroinen,
Pien-Valkealampi, Ahvenlampi, Ulpasjarvi, Sa-
halampi and Sirkilampi.

Temperature

Several factors affect the thermal stratifi-
cation of the lakes in summer. The stratification
is clear in Kivi-Ahvercinen, Pien-Valkealampi,
Ulpasjiarvi and Julkujéirvi. In Léngviken and
Sérkilampi the stratification is usually incom-
plete or absent. In Satimuslampi, Ahvenlampi
and Sahalampi there is no thermal stratification
in summer, or it is temporary in spring if the
weather rapidly becomes warm. Maximum
temperatures were 18..— 24.s °C,

In winter the temperature of the water near
the bottom was about +4 °C.

The length of the open-water period is differ-
ent in different lakes. It is longest (200 — 227
days/year) in the southernmost lakes, Sahalam-
pi, Pien-Valkealampi and Ahvenlampi, but only
153 — 205 days per year in the northern lakes,
Ulpasjidrvi, Langviken and Kivi-Ahveroinen
(cf. TuuNAINEN 1966D).

Oxygen

Oxygen conditions were clearly better in the
oligohumous lakes than in the meso- or poly-
humous ones. In Sahalampi and Julkujérvi some
of the fish died as a result of the oxygen deficit,
and in LAngviken the oxygen conlent was also
very low, Humous substances cause oxygen
consumption during the winter, especially if
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sufficient nutrients for microbial activity are
present (e.g. HYvARINEN 1965, SorMUNEN 1965,
RyninNen 1966). In Julkuojirvi both humous
substances and pollution cause increased oxygen
consumption in winter.

During the open season the oxygen content
was suificient for fish in the epilimnion. In the
hypeolimnion, however, there was occasionally
an oxygen deficit in Kivi-Ahveroinen, Pien-
Valkealampi, Ulpasjirvi, Julkujiirvi, Sirkilampi
and Langviken.

pH

Great and rapid fluctuations of pH are typical
of small lakes, especially of those surrounded
by marshland.

In the epilimnion the pH was 4.5 — 7.3 during
the time of observation. In the same lake the
fluctuation was usuvally about 1 -2 pH units.
In some small lakes in the Kilarne distriet,
Sweden, the fluctuation of pH was found to
be as much as 1.s—2.s pH units (ALm 1960).

Ahvenlampi, Pien-Valkealampi and Satimus-
lampi were more acid before the poisoning than
during the time when trout were present. Ahven-
lampi and Pien-Valkealampi were treated with
waste lime before the trout were introduced,
and Satimuslampi with crushed Iimestone
(TuunAINEN 1966Db).

Conductivity

Though the electrical conductivity of the
water is mostly correlated with the total amount
of dissolved inorganic substances, colloidal
humous substances also affect the conductivity
(e.g. OHLE 1934, JamEes 1941, RyHiNEN 1961,
ITyvirinen 1965).

In the lakes studied, the limits for conductivity
were 6 — 136 uS. The highest value was for
Langviken, the lowest for Pien-Valkealampi.
In 24 lakes treated with rotenone in 1963 the
conductivity was 6 —40 uS (TorvoNeEN 1964),
so eight of the nine lakes studied, i.e. all except
Langviken, had values that fell within these
limits.

KMnQ, consumption

The KMnO, consumption in the lakes studied
ranged from 3.51o 131.c mg/l. The lowest
value was for Kivi-Ahveroinen, the highest for
Langviken, which is rich in humous substances.
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Colour and transparency

Apart from humous substances, dissolved Fe
and Mn compounds may also colour the water
if present in high enough concentrations. In
Sahalampi there is an oxygen deficit in winter
in the water layers near the bottom, and then
Fe from the sediment dissolves into the water
(cf. e.g. OHLE 1934, EinsELE 1036, MORTIMER
1941) and increases its colour.

On the basis of colour and transparency
JARNEFELT (1953) classified lakes as oligo-
humous (transparency = 3. m, colour < 40
Pt mg/l), meschumons (transparency > 1.
m, but < 3.5 m, colour 40— 80 Pt mg/l) and
polyhumous (transparency =< 1.» m, colour
> 80 Pt mg/l). If classified according to colour,
Langviken is polyhumous, but all the other lakes
imeluded in this study are oligohumous. On
the bhasis of the average value of transparency,
Kivi-Ahveroinen, Satimuslampi, Pien-Valkea-
lampi, Ahvenlampi, Ulpasjédrvi and Sahalampi
are oligohumous, whilst Julkujirvi and Sirki-
lampi are mesohumous. Laingviken is interme-
diate between meso- and polyhumous lakes
(transparency 1.: m).

The observed colour range was 0-— 300 Pt
mg/l and the transparency range 1.s— 10 m.
The lowest value for colour and the highest
value for transparency were found in Kivi-
Ahveroinen and the brownest water and lowest
value for transparency in Lingviken.

Alhalinity, hardness, and Fe

The walues for alkalinity were 0.05 — 0.
mval/l, the lowest value being for Sahalampi and
the highest for Ahvenlampi.

Total hardness covered a range of O.a--
0.0 “dH. Both extremes were for Pien-Valkea-
lampi.

In Kivi-Ahveroinen, Satimuslampi, Ulpas-
jarvi, Sahalampi, S#rkilampi and Langviken
the Fe content was 0 - 3.3 mg/l. The lower
limit was for Ulpasjdrvi and Sahalampi, the
upper for Sahalampi. A low wvalne for pH
combined with a high Fe content is harmful to
fish, because iron is deposited on the more
alkaline gills of fish and in the extreme case
causes them to suffocate (e.g. OTTERSTROM 1938,
SEPPOvVAARA 1962, ScHAPERCLAUS 1967), SEPPO-
vAARA (1962) found that brown trout were able
to live and reproduce well in a brook where the
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pPH was 5.» and the Fe content of the water
0.7¢ mg/l. ScHAPERCLAUS (1967) reported that a
concentration of 0.» mg/l was lethal to fish at a
level of pH 6.5 — 7.5s. Even in Sahalampi, where
the Fe concentration was highest, there were no
deposits of Fe on the gills of the fish. However,
the physiological and ecological effects of the
Fe — humus complex on fish are unknown.

3. Variations in the abundance of the benthic
fauna

That several species of the bottom fauna are
subject to seasonal fluctuations in numbers is
well known (e.g. BRUNDIN 1949, PaLMEN 1958,
SErvow 1958, Grimis 1961, Joénasson 1961,
1965, Macaw 1963, 1964, 1965, REvyNoLDsoN &
Younag 1965, PALMEN & Aro 1966). The emer-
gence of Ephemerids, Odonata, Sialis, Trichop-
tera and Chironomids and the appearance of new
generations cause great fluctuations in the den-
sity and biomass of the bottom fauna. Because
of differences in climatic and other ecological
factors in different lakes, emergence of these
insects does not occur simultaneously in most
of the lakes. This partly invalidates comparison
of samples collected from different lakes at the
same time or from one lake in different years.
The most comparable samples are those taken
in late autumn or early spring.

After the poisoning, the bottom animal density
increased in all the lakes for which data are
available. In Julkujidrvi and Sidrkilampi, how-
ever, no bottom animal samples were collected
before the lakes were treated. The increase in
biomass was usually most obvious in the year
foilowing the poisoning. After release of the new
fish stock the biomass of the bottom fauna
decreased again, and a decrease in the fish bio-
mass was followed by an increase in the bottom
fauna.

LeLLixk (1965) suggested that the increase of
bottom fauna after poisoning is caused both by
the elimination of direct predation of fish and
by the indirect influence of the fish on the food
chains of the bottom fauna. Rotenone kills most
of the phyto- and zooplankton which then sedi-
ment and form a new supply of food for the
benthic fauna. This, according to LELLAK (1965),
is the most important factor inereasing bottom
animal production, elimination of predation
being less important. This investigator showed
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that if a bottom area was protected from fish,
the biomass of the bottom fauna was twice that
of the unprotected areas. In ponds treated with
poisons the density and biomass of the benthic
fauna increased about 30 — 70-fold, or definitely
more than could be expected as a result of re-
moving the fish.

WIKGREN’S (1963) observations on Stromma
Tjenan in Ahvenanmaa, Finland, also show that
some eutrophication occurs as a sequel of
poisoning. However, this did not occur after
treatment in the winter. Rotenone probably
caused an almost »dead» state in the lake, with
quite a high oxygen content of the water. The
abrupt increase of nutrients during the following
spring circulation afforded better conditions for
the growth of phytoplankton than before and
the breaking up of the organic substances
consumed more oxygen in the following winter
than did the previous smaller amount of organic
substances.

In Sahalampi and Kivi-Ahveroinen the oxy-
gen conditions were better during the winter
after the poisoning than in the previous winters.
On the other hand, no unusual consumption of
oxygen was observed during the second winter
after the poisoning (cf. TuuNaINEN 1968),
presumably owing to the more oligotrophic
nature of the lakes.

In Sahalampi and Julkujirvi the oxygen
conditions were worse than usual in the winter
of 1964/1965. Seine fishing in Sahalampi in the
autumn of 1964 caused the bottom sediment to
whirl in the water, and the following winter
this material led to an abnormally high con-
sumption of oxygen. In winter 1965/1966 the
oxygen conditions were normals again, In
Julkujérvi the main cause of the oxygen deficit
was sewage from houses around the lake.

The lakes studied by LELLAK (1985) and
WikGREN (1963) represent a eutrophic type,
whilst the lakes treated with rotenone in 1960
and 1962 were considerably more oligotrophic.
The facts presented above indicate that in food
chains of oligotrophic lakes the consequences
of rotenone treatment are different from those
in eutrophic waters and the effect of fish upon
the benthic fauna is also greater than in eu-
trophic lakes. This is supported by the fact that
the density and biomass of the benthic fauna
increased again after the trout had disappeared,
in some cases even more than just after the
treatment. In the lakes studied by LELLAK
(1965) the bottom fauna returned to the original
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density level after some time, and there was no
second increase afterwards.

Several studies have shown that the zooplankton is more
sensitive to rotenone than larger animals are {e.g. BRowN &
BaLL 1943, CusHING & OLIvE 1956, ArmguisT 1959, LiNn-
GREN 1960, ANDREASSON 1963, BERzINS 1963). Of the benthic
fauna Astacus and Mollusces are less sensitive. Chironomids,
some Oligochaeta, Hirudinea, Aselluzs, as well as larvae of
some Trichoptera and Ephemerids are the most sensitive.
Many of the least sensifive species or groups of the benthic
fauna (e.g. many Oligochaeta, Amphipoda and Gastropoda)
increase considerably after poisoning {e.g. SmiTH 1941, Hoo-
PER 1948, CusHiNG & OLIVE 1956, BERzINS 1958, LINDGREN
1960)., LELLAR (1965) observed an initial inerease of Chiro-
nomid larvae and after their disappearance a general In-
crease in the numbers of benthic worms, especially Tubificids,
which consumed the increased quantity of food and then
disappeared. After this, both the abundanee and the biomass
of the bottom fauna stabilized within the normal limits.

Differences from this pattern in more oli-
gotrophic waters may be caused not only by
the lower trophic level but also by differences
in the composition of the species. For example,
in the lakes included in the present study, the
bottom fauna consists of a larger number of
groups and species than those studied by LEL-
LAE (1965).

No group or species originally present in the
lakes studied was actually exterminated by
the rotenone treatment. An increase in most
groups after the poisoning was a general feature.
This was especially clear in Pisidium, Asellus
and larvae of Chironomids in Kivi-Ahveroinen,
and in Pisidium as well as in larvae of Odonata,
Sialis and Chironomids in Sahalampi, whilst in
Satimuslampi, Ahvenlampi and Pien-Valkea-
lampi most of the groups showed only a slight
increase, which was clearest in Oligochaeta and
larvae of Chironomids. In Ulpasjédrvi there was
an increase of Pisidium, Asellus and larvae of
Sialis, in Langviken a similar increase of Oli-
gochaeta, Pisidinm, and Asellus as well as
larvae of Chironomids and Ceratopogonids, In
Julkujéirvi and Sarkilampi there was an increase
of Pisidium and Asellus, in Sirkilampi also in
Hydracarina and larvae of Sialis and Chirono-
mids.

The Iniluence of the fish stock on the benthic
fauna has been studied by many different
authors (e.g. Arm 1022, 1960, Oustap 1925,
LunDBECK 1926, PENTLAND 1930, HavNE &
Bair 1956, MacaN & MAcCRERETH 1857, REI-
MERS 1957, 1958, Svirpson 1957, RucGGLEs
1959, IvrLeEv 1961, Macan 1962, TUUNAINEN
1964, 1966b, LELLAK 1965, STRASKRABA 1965).
This influence depends greatly on the habits of
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the species in question, on the reproductive
capacity and other specific factors. It has been
pointed out that it is hard to find a logical
relation between the biomass values of fish and
bottom fauna (e.g. Arm 1922, 1960, TUUNAINEN
1964). The lakes where observations are made
are often so variable in ecological respects that it
is impossible to draw general conclusions,
Continuous observations on the same lake are
better suited for an analysis of quantitative
relationships. Such observations were carried
out on Sahalampi.

4. Production and productivity

Production may be measured in terms of wet wejght, dry
weight, nitrogen content or energy content. Of these units,
energy is the most flexible, universal and realistic. On the
other hand, nearly all production studies are based on meas-
urements of wet weight in the first instance, and energy
contents are computed secondarily if at all (CHAPMAN 1968).
For this study, equipment for analyses of the caloric values
for organisms was not available. Therefore, the more con-
ventional method based on wet weights was employed.

In the lakes included in the study, the growth
of the populations of brown trout and rainhow
trout after their first summer depends directly
on the production of the benthic animals.

The bottom animal production (net and gross
preduction) was calculated from a series of ob-
servations on biomass values, but predation by
fish was also taken into account. From Pearl-
Verhulst’s formula (e.g. HAYNE & BaLL 1956)
the growth rate of the biomass can be calculated,
presuming that the initial and highest values of
the biomass are known.

in Sahalampi the initial biomass in the
beginning of the first summer after the treatment
with rotenone was small (2. g/m?) and the
production of new biomass during 128 days
was 9.7-fold compared with the initial value,
As the biomass of the benthic animals grew,
the growth rate of the biomass diminished and
reached zero in the summer of 1966. For the
benthic fauna of the lake (cf. TUUNAINEN 1968)
a maximum growth rate of 0.s g/m?/day
was found if the initial value of the biomass was
3.5 g/m?2 If the initial value of the biomass was
13.7e g/m? the growth rate of the biomass was
zero. The estimate of the maximum growth rate
is too low on account of errors included in the
conversion coefficient and the fact that the ef-
fects of natural mortality and emergence are
excluded.
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The highest growth rate of the biomass of
benthic animals in Sahalampi was considerably
lower than that reported by LELLAKR (1965)
from some eutrophic waters in Bohemia, Czecho-
slovakia, where the biomass of the benthic
fauna increased 55-fold in two months after
poisoning. According to Havyne & Bary (1956),
in some small lakes in south Michigan, U.5. A,
the biomass of bottom animals rose 7.s-fold
within one and a half months after the fish
were removed. The lower growth rate in Saha-
lampi reflects the oligotrophy of this lake.

The growth rate of the bottom fauna in Saha-
lampi was greater than that of the fish stock
except in summer 1966. In 1963 — 1966, the
calculated fish production (gross production) was
4.4 —21.7 kg per hectare per growth period, the
value being highest for the first year the fish
were in the lake.

The productivity of the trout population in
relation to bottom animal productivity was
calculated using Iviev's (1966) equation. If the
biomass of the bottom fauna stayed at the
optimum level during the whole growth period
and if the fish stock consumed the whole bio-
mass produced, the productivity of the fish stock
would be 29.7 kg per hectare per year (con-
version coefficient = 8.s5). Iere again, the esti-
mate is too low on account of errors discussed
above. The actual trout production (gross produc-
tion) during the second, third and fourth growth
perieds, however, was only 15-35 % of the
productivity, i,e. the fish utilized the resources of
the lake quite ineffectively.

IFishing carried out in the lakes was not very
effective and the catches were rather smail,
only 1.s— 10.s kg per hectare per year. In most
cases it would have been possible to increase the
catches by more effective fishing timed in a
suitable way. If the whole fish stock of Saha-
lampi had been caught in autumn 1964, the
catch would have been 1..-fold of the weight
actually caught, but the average size of the
fish would have been considerably smaller. The
maximum biomass of trout in Sahalampi (in
autumn 1964) was 30.s kg /hectare or 43 9} of the
biomass of the original fish population before
rotenone treatment. The average weight of the
trout was then about twice that of the original
perch. This biomass value is about half that
reported for rainbow trout by JouwnssoN &
HaspLeEr (1954) for small dystrophic lakes in
Wisconsin, U.S.A., probably because of the
superior productivity of the latter lakes. The
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actual eatches are only about 25 — 34 9 of the
catches from small Finnish eutrophic lakes,
whilst the annual catches from small oligo-
trophic lakes are about the same (¢f. Maatalous-
hallituksen kalataloudellinen tutkimustoimisto
1963, 1964, 1965, 1966).

5. Growth of the fish and factors influencing
this

The maximum size of a fish in a certain en-
vironment is determined by the interaction of
food and population density within the limits of
genetic factors (Aum 1939).

In the present experiments, the effects of
physical and chemical factors upon the growth
of fish could not be distinguished from the
influence of biotic factors., In the first and
second growth periods the growth of rainbow
trout was more clearly dependent on the amount
of the plankton and bettom fauna than that of
brown trout. When densities of 187 — 2 500
fry per hectare were used, growth was indepen-
dent of density in the first growth period. In
the second growth period, however, there was
a tendency to a lower growth rate if the in-
troduction densities were high, In the third
growth period the influence of introduction
density could still be observed in the rainbow
trout, but it was less clear in the brown trout.

In the Finnish waters the weight gain of
rainbow trout was about 1-to 3-fold in the
tirst, about the same in the second and less
in the third growth period compared with the
values found by LuNpDGrREN (1962) in Swedish
lakes treated with rotenone, if the densities were
equal. LuNpeREN (1962) snggested introduction
densities of 500 fry or 200 one-summer-old
brook trout or rainbow trout per hectare in
small lakes treated with rotenone. If introduc-
tion densities of 500 -5 000 fry per hectare
were used, the one-summer-old fish were 75.0 —
11.s g, respectively. In the small Finnish lakes
treated with rotenone, with introduction den-
sities of 187 — 2 500 fry per hectare, one-summer-
old brown trout were about 45— 9 g and rainbow
trout about 90 — 50 g, respectively.

In the first two growth periods in the small
lakes studied the growth rate of brown trout
was in all cases better than that of wild brown
trout in the watercourses of southern and
central Finland studied by SEppovaara (1962).

The growth rate of the rainbow trout was
highest in Julkujirvi, where the average size
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of two-summer-old fish was 36.. cm and 613 g,
i.e. about the same as that of rainbow trout
of Seattle stock (37.. cm) in Lake Halmsjén,
Sweden, reported by NiLssoN & SvimDson
(1962). The average size of two-summer-old
rainbow trout (25.s cm) calculated from all the
data, however, was considerably smaller than
that of the Seattle stock and somewhat smaller
than that observed in small Irish lakes treated
with rotenone (ef, O’'Rrorpan & KENNEDY 1964).

The highest average weight of four-year-old
rainbow trout (886.s g) was from Julkujirvi.
LuNDGREN (1962) reported 840 g as the highest
average weight observed in Jidmtland, Sweden.
Apart from the less favourable quality of
the water and the feeding conditions, the lower
growth rate in Finnish waters may be due to the
hardness of the climate. The possible effect of
the different origin of the fish cannot be entirely
ruled out, either.

In lakes where brown trout and rainbow
trout occurred simultaneously (Sahalampi, Sa-
timuslampi, Pien-Valkealampi, Ulpasjirvi, Jul-
kujirvi, Sérkilampi and Lingviken), there were
some differences in the growth rates of these
species. In all cases the average size of the rain-
bow trout was greater than that of the brown
trout at the end of the first and second growth
periods. In Satimuslampi and Julkujirvi this
was also observed at the end of the third and
fourth growth periods. In the other lakes the
rainbow trout, if present, were of the same size
as or smaller than the brown trout during the
third growth period and subsequently.

In England, according to VarLry (1967),
rainbow trout grow a liitle more rapidly than
brown trout in the same environment, If the
two species were grown as a mixed population
in aquaria, fry of rainbow trout were more ag-
gressive than those of brown trout; the growth
rate of the latter decreased and some even died.

The coefficient of condition (&) was 0.s0 — 1,60
in brown trout and Q.e2—1s in rainbow
trout in the whole material. Compared with the
range of the coefficient reported by REmMERs
(1957, 1963), the condition of one-summer-old
brown trout in Kivi-Ahveroinen and that of
three-summer-old rainbow trout in Pien-Valkea-
lampi was very poor. The maximum average
coefficient of condition, 1.e, was found in three-
year-old brown trout in Julkujérvi. In Julku-
jdrvi and Langviken the coefficient of condition
of rainbow trout was at times quite high (1.0 —
1.30).
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According to REIMERs (1957), brown trout
kept without food in a river in California died
when the coefficient fell below 0.5 - 0.¢0. From
this it appears that the condition of the brown
trout in these Finnish lakes has usually been
good. The low value for one-summer-old brown
trout in Kivi-Ahveroinen may be due lo scarcity
of food suitable for the fry.

According to BrowN (1957), in brown trout
high values of the coefficient (X) were always
connected with a high growth rate. At 11.5 °C K
tends to reach the value of 1.0s. If K < 1. 08,
the relative weight gain is greater than the gain
in length, whilst K > 1. indicates the opposite
situation.

On the average, coefficients of condition were
found to be a little higher in rainbow trout than
in brown trout. The lowest value (0.s3) Was ob-
served in a three-summer-old rainbow trout from
Pien-Valkealampi. According to REiMERS (1963),
the condition of steelhead trout was normal at
the K values of 0.s0 — 0.90; O.c0-- 0,70 is at the
limit of survival, and the test animals died if the
coefficient dropped to 0. — 0.6s.

The coefficient of condition was generally
higher in spring than in aotumn., In mature
rainbow trout this is almost entirely due to the
large size of the gonads in spring. In Ulpas-
jérvi the coefficient of condition of both trout
species decreased successively up to the begin-
ning of the fourth growth period, probably owing
to scarcity of food. During the fourth growth
period the population had become considerably
less dense and so the conditions of the surviving
fish were improved. This is reflected in the higher
values of K. In all the lakes studied the same
trend could be observed during the fourth and
fifth growth periods in both trout species,

6. Food of the fish released

As the trout grow, the proportion of plankton
in their diet decreases. Rainbow trout feed on
plankton longer than brown trout, but they
then select the largest plankton crustaceans for
food (e.g. NEAVE & BaJkov 1929, LinpsTriM
1955, JoHANNEs & Lamkin 1961, Nirsson &
SvARDSON 1962, TUUNAINEN 1966h, GALBRAITH
1967). The transition from plankton to bottom
fauna is gradual. Aerial food is taken at any
size during the whole open water period (Tuu-
NAINEN 1966b).

It is important that suitable food for each
size class should be available. Changing from
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benthic fauna to a fish diet depends on the
quantity and quality of the food available.
NiLssoN (1955) reported that brown trout began
to feed on fish at a size of 35— 40 em (400 g).
Brown trout living in mountain brooks already
fed on fish at a size of 75 g (Crisp 1963). In the
lakes of British Columbia studied by JoHANNES
& LarxiN (1961), 60 9, of the food of the rain-
bow trout < 25 ¢m consisted of Daphnia, but
rainbow trout 25— 35 cm long had also eaten
fish to some degree, and in rainbow trout > 35
cm long 70 % of the food consisted of fish. In
the lakes of the present study there was no fish
continuously suitable as food for trout. This
may be the most important reason for the rapid
decrease in growth rate after the fish had grown
to 25 — 30 cm. In Julkujirvi growth did not de-
crease so soomn, because bottom animals were
available in abundance.

In some lakes treated with rotenone and then
stocked with brown trout or rainbow trout these
began to feed on Pungitius pungitius at a size of
about 200 g (Firsr 1964). In the lakes where
stickleback were released as food for trout, the
growth rate of the brown trout increased con-
siderably (NorDIN 1964). FiURsT (1964) regarded
stickleback as the best food for brown trout and
rainbow trout, because this fish remained abun-
dant enough in spite of predation. A permanent
stock had been introduced into waters where
there was a permanent stock of trout. This
measure has not yet been considered in Finland.

Interspecific competition for food is to be
expected, because the similarity of the diet of
brown trout and rainbow trout may be as high
as 73 — 100 9, throughout the year, except in
July—September. Competition will not be weak-
ened by the fact that the same food organisms
or groups of organisims are at least partly utilized
at different times of the day or year, because
the total production of food organisms persists
unchanged (TuunaiNeN 1966b). From July to
September the similarity of the diet of brown
trout and rainbow trout was 54 — 63 9%, thus
the competition for feod may be weaker during
this period.

Differences in diets between the two trout
species may, at least partly, be caused by
their different habits. The rainbow trout live
mainly in the upper water layers, are more mobile
and show less territoriality than the brown trout.
If rainbow trout, brown treut and brook trout
live together in the same lake, the brown trout
is a very local and territorial species (LINDHE
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1961, TiesTROM 1965). The relationship between
brown trout and rainbow trout wvery much
resembles that between brown trout and arctic
char studied by Nirssow (1955, 1963).

A clear selective feeding was observed. In
general, the value of the forage ratio varies
considerably even for the same group of organ-
isms. FrosTt (1945) reported that brown trout
living in rivers selected larvae of Chironomids,
Ephemerids, Trichoptera and Plecoptera, but
avoided larvae of Coleoptera, which occurred
abundantly. Animals living on submerged vege-
tation as well as freely in water were preferred to
benthic organisms. In the waters studied by
Frost & SmyLy (1952), however, Pisidium and
larvae of Sialis, which live on bottom mud,
were utilized considerably more than in the
lakes studied here, where Dytiseid larvae were
likewise utilized to a lesser extent than reported
by Macan (1963). In some cases there were
great individual differences in the food of fish
caught at the same time,

7. Mortality

Most investigations on the factors regulating
the size of fish populations concern economically
important species, such as salmon and trout
(cf. e.g. Jounson 1965, LE CrEx 1965, LinD-
roTH 1965). The factors causing mortality in
salmonids change with the age of the {fish,
However, at all ages the mortality of the fish
is to a certain extent dependent on the popu-
lation density (Le Cren 1958, 1965, WarTr
1959).

Several methods have been developed for
calculating the mortality rate (e.g. RicKER 1958,
Recier 1962, RopsoN & Recier 1968). Infor-
mation about the various causes of mortality,
apart from the population density, is very in-
adequate (cf. Pavive 1968). Only occasionally
have epidemics and other pathelogical causes
been shown to be important faetors (e.g. BAr-
pacH 1951). As regards introductions into lakes
treated with rotenone the main causes for the
rapid disappearance of rainbow trout and brown
trout from such lakes may be extreme physical,
chemical and biotic conditions as well as mor-
tality connected with the attainment of sexual
maturity (ef. e.g. Ray~NER 1853, O’RioRDAN &
KeNNEDY 1964, TUUNAINEN 1966b).

In Sahalampi the rainbow trout disappeared
exceptionally rapidly, about one and a half years
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after release, probably owing to the extreme
physical and chemical factors, whilst brown
trout were still caught at the end of the fourth
growth period. In the other lakes the rainbow
trout survived for 3 — 5 growth periods and the
brown trout for 4 — 5. LuNpGREN (1962) report-
ed that rainbow trout disappeared from lakes
treated with rotenone in Jimtland, Sweden,
after four years on an average.

In Sahalampi the mortality percentages are
considerably higher than those reported by Arm
(1939) for some populations of brown trout, and
by Jounson & HAsLER (1954) for rainbow trout.
A1n (1939) reported that natural mortality of
brown trout in a brook where there were no other
fish species was 30 ¢, in the first, 20 9} in the
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second, 10 %, in the third and 5 %, in the fourth
year. In the natural waters the natural mortality
of rainbow trout introduced at a size of 15 -18 ¢m
was 32 - 60 % in the first year and 15 — 19 ©/ in
the second (JomunsoN & HasrLer 1954). On the
contrary, Jounson (1955) reported that 88. 9
of the rainbow trout released into a lake in
Minnesota, U.S.A., were dead in one year,
98.5 % In two years, and 99.s ¢, in three years.
Harve & Orrana (1963) reported that in ponds
with no other fish the natural mortality of
young salmonids fed entirely on natural food
was 70 — 90 9, in the first summer. In the best
cases 50 % of the young survived the first year.
These data fit quite well with those obtained
from Sahalampi.

Sutnmary

Nine small lakes in southern and central
Finland were treated with rotenone, and brown
trout and rainbow trout were introduced, mainly
as Ifry, into these lakes where the original fish
populations had been killed. The influence of
some physical, chemical and biotic factors upon
the growth and survival of the introduced fish
were then studied. Attenlion was also paid to
the food and selective feeding of the fish, as well
as to the biological production of the benthic
fauna and fish stocks.

The lakes studied are situated at 60° 17 —
64° 35° N and 23° 01’ -~ 28° 38 Eand 0 - 152 m
above sealevel. The areas of the lakes are 0.5 — 4.3
hectares and the maximum depths 3.0-19.5 m.
The bottoms are mainly organic mud. The shores
of most of the lakes are paludified. Eight of
them have no outlet.

In winter the oxygen content of the water
was low in four of the lakes, and as a result some
fish died in two of them. The acidity of the water
probably contributed to the rapid disappearance
of rainbow trout from one of the lakes.

The catches of brown trout and/or rainbow
trout were 1.s—10.s kg per hectare per year.
The productivity, based on the productivity of
the bottom fauna, was calculaled o be 29.7 kg
per hectare per year in one of the oligetrophic
lakes. In the same lake the maximum growth
rate of the benthic fauna (0..s g/m?/day) was
observed if the initial value of the biomass in
spring was 3.0 g/m® If the initial value was

13.70 g/m? the growth rate of the biomass was
found to be zero, Factors affecting the growth
rate of the benthic fauna and the validity of the
estimates are discussed in detail,

The scarcity of food and small size of the food
organisms were the most important factors
limiting the growth of the fish. The growth
rate was independent of intreduction density
in the first growth period in the density range
187 — 2500 fry per hectare. In the second growth
period a tendency to a lower growth rate in dense
stocks was observed. In rainbow trout this
tendency was even more pronounced in the
third growth period than in brown trout.

In ail the lakes where both brown trout and
rainbow trout were introduced the size of the
rainbow trout was greater than that of the brown
trout at the end of the first and second growth
periods. Later, the brown trout grew larger than
the rainbow trouf in some of the lakes,

Similarity of food between brown trout and
rainbow trout was 54 — 63 % in July — Septem-
ber and 73-100 9, at other times. Brown
trout and rainbow trout preferred animals living
on submerged plants as well as larger free-
living aquatic invertebrates.

The influence of the fish stock on the abun-
dance of the benthic fauna was found to be
important. The quantitative relationship be-
tween the biomass values of the fish stock and
the benthic fauna was determined in one of
the lakes.
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Studies on the mortality rate of the trout
were carried out in one of the lakes,
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