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The abundance of the bottom fauna of this lake is lowest around the thermocline
and in the greatest depths (> 35 m). The dominant species of the profundal zone is
Pisidium conventus, and larvae of Chironomids dominate in the sublittoral. The abun-
dances of the dominant species, the total numbers of individuals and the biomasses
were practically the same in the different parts of the lake. The glacial relicts Gamma-
racanthus lacustris, Pallasea quadrispinosa, Pontoporeia affinis, and Mysis relicta are
new records for lake Konnevesi. Diversity indices were calculated to compare the
different sub-areas. The values of these indices and the factors affecting them are
discussed. It is suggested that the low abundances observed for the greatest depths
are chiefly due to the low oxygen content in winter. It is difficult to classify this lake
on the basis of its bottom fauna into any one of the conventional limnological lake

The bottom macrofauna of the oligotrophic Lake Konnevesi, Finland

types.

1. Introduction

The oligotrophic Lake KKonnevesi, one of the
great lakes of the Kymijoki watercourse, is still
in a relatively natural state, because its water
is not noticeably polluted and because the water
level is not regulated. Collecting of data on
changes has been started in many Finnish lakes
which seem to have changed essentially, e.g.
at the large Lake Piijanne. Lake Konnevesi is
a good example of the original state, and a study
of its fauna provides interesting data for com-
parison.

2. Hydrography and bottom

The area of Konnevesi is 201 km?, the drainage
basin at the outflow 5780 km?, the mean depth
92m, and the volume 1850 million m3 (Vesi-
Hydro 1967). The water level is 95 m above
sea level. According to observations by the
Water Board of Central Finland, the oxygen
curve is orthograde during the summer and the
oxygen saturation is over 77 9% even at the
deepest point (49 m). In winter the oxygen
content diminishes below 40 m and in March
the saturation percentage falls to 27 % (mean
value for 1965 — 1971, see Fig. 2). The colour
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of the water is 24 - 34 mg Pt/l, pH 6.4- 6.5,
conductivity (x5) 35-39 ' S, and the Secchi
disc transparency 4.0—8.1m (mean 5.4m). In
the hypolimnion the bottom is usually some-
what softer than, for instance, in the neigh-
bouring Lake Piijidnne; in Konnevesi the Ek-
man sampler often sinks 10 — 12 e¢m, in Pidijidnne
usually only 6 —10 cm (SARKKA & PAASIVIRTA
1972). The profundal sediment is brownish grey
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Fig. 1. Lake Konnevesi and the sampling lines.
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gyttja, the brown colour being strongest right
at the surface. In the sublittoral lake ore is
abundant in places, even in the profundal at
about 20 m depth. The lake is well stocked with
benthic macrophytes to the depth of at least 3 m.

3. Sampling technique

On five lrips belween 25 May and 12 October 1970 samples
were taken from 2.3 -—45m depth, 17 samples from the
southern part of the lake and 11 from the northern part
(see FFig. 1), that is from an area of 2.0 m? The samples were
taken wilh an Ekman grab, each sample consisting of three
hauls (== 1/12 m?) except at a few of the shallowest places.
The samples were sieved through 0.8 mm mesh, each sample
of 3 hauls at the same time. The animals were picked out
with the aid of a magnifying glass.

To collect deep-water species samples were taken from
the grealest depths of the southern and northern parts of
the lake with a miniature trawl especially designed for this
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purpose. This trawl is lowered backwards, so no animals
enter the bag on the way down. it is pulled along the bol-
tom for abou!l 100 m, then raised a few metres above the
bottom, and turned backwards with a messenger, so no
animals can get into the bag when the trawl is lifted to
thie surface. The contents of the bag were then investigated
in the usual way. The mouth of the bag was 20 x 50 cm ==
0.1 m?, so that Lheoretically about 10 m® waler during a
sweep of 100 m just above the botlom is filtered through
the bag and ilhe sampler wanders over an area of 50 m2
The trawl is especially effective in collecting big relict
crustaceans, but it also takes olher bollom animals (see
Table 3). Ponloporeia was found in many botlom samples,
but no in trawl samples, whilst Gammaracanthus was caught
only with the trawl., Pallasea, Mysis and larvae of Chao-
borus flavicans were oblained both with the IKkman grab
and in the trawl samples. VALLE (1936) reported that Ponlo-
poreia is caught most effectively with ordinary bottom
samplers, Pallasea with a trawl but nol with the IXkman
grab, Mysis and Chaoborus wilh a trawl, bul the latler
rather frequently with the bottom sampler Loo.
The design of the trawl used in this study ruled out the
possibility (hat for instance Chaoborus from the pelagic
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Fig, 2. Vertical distribution of numbers of individuals (curve Fig. 3. The verlical distribution ol biomasses. The curve
drawn by eye), and curves of oxygen saturation in sum- is drawn by eye.
mer and in winter. The horizontal lines across the oxygen

curve of winter express the range.
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Table 1. Average numbers of individuals of the species or groups of bottom fauna in different depth zones and in the soulhern
and northern parts of the lake

Average abundances exx./m?
Southern part Northern part
Depth zone > 20 m 6-12 m ] 3 m > 20 m ] 6—12m I 3m
Turbellaria - -~ - 2.2 - 49.3
Nemaloda 1.1 - - — ~ ~
Peloscolex ferox (Ilisen) 11.2 2.5 9.0 63.8 3.9 29.6
Psammorycles barbatus (Grube) - 11.3 26.9 — - 29.6
Limnodrilus hoffmeisteri (Clap.) - - - - ~ 364
Tubifex tubifex (Miiller) 1. - 9.0 2.2 - -
Stylodrilus heringianus (Clap.) 3.6 -~ — 5.9 — -
Lumbriculus variegatus (Miiller) — 6.4 9.0 - - 55.8
Lumbriculidae spp. 31.7 - - 73.9 221 49.3
Enchytraeidac -~ - - - -~ 149
Pisidium spp. - 7.9 35.8 — - 106.8
Pisidium convenlus Clessin 49.6 16.3 - 77.6 3.9 -
P. sublruncatum Malm 9.6 7.9 - 4.0 -- 184
P. lilljeborgi Clessin 2.5 46.4 26.9 — 3.9 36.1
P. henslowanum (Sheppard) - 15.3 9.0 - 5.9 6.6
P. casertanum (Poli) - 6.4 69.4 — - —
P. hibernicum Weslerlund - - 35.8 - - 6.6
Valvata cristala Miiller - - - ~ - 6.6
V. piscinalis Miller -~ - 35.8 - - -
Gyraulus albus Miiller - - 69.4 - - -
Pontoporeia affinis Lindslréom 25.4 8.0 ~ - 6.2 -
Pallasea quadrispinosa Sars 1.8 — - 2.2 12.0 —
Mysis relicla Lovén 2.5 - — - ~ -
Asellus aqualicus (L..) - 15.3 273 — 36.1 749
Copepoda 5.4 11.3 — 2.2 - -
Euryeercus lamellatus Miiller - - 35.8 — - 18.1
Hydracarina - 36.5 17.9 2.2 - —
Tanypodinae 11.6 30.6 195 Q.9 44.0 18.1
Tanytarsini 46.0 83.4 522 9.9 3.0 73.9
Orthocladinae 1.1 16.3 53.7 24.0 16.0 —
Chironomini, no blond gills 14.5 30.6 298 24,0 70.0 24.6
Chironomini, with ,, . - 3.2 17.9 - - -
Chironomidae, other larvae 1.1 84.3 132 — 16.0 115
Chir., pupae & adulls 2.5 26.6 98.5 4.4 - 24.6
Ceratopogonidae - 11.3 80.6 - 12.0 -
Chaoborus flavicans Mcigen 1.1 - - - -~ -
Diptera, larvae spp. - 2.5 - - - 6.6
Polycentropidae - - 9.0 - - -
Trichoptera, others - - 17.9 - - 107
Ephemera vulgala (1..) -~ 11.3 44.8 - 244 29.6
Caenis spp. - - 71.6 - - -
Sialis spp. - - 35.8 - -~ —
Exx./m? 223 493 2238 308 280 1642
Biomass g/m? Q.45 1.3 7.06 0.87 Q.96 2.64
Number of samples 10 5 6 3 2
Total area of samples m? 0.81 0.36 0.07 0.50 0.7 0.09

zone would be caught when the apparatus was lowered or
raised.

The biomasses of the samples were weighed to the nearest
mg after preservation in alcohol.

the profundal (> 20 m), the sublittoral (6 -
12 m) and the littoral zone (2.s - 3.: m).

If the southern and northern parts of the lake
are compared, the species or groups whose
average number exceeds 10 9, of the total num-
ber of individuals show no differences at the
< 5 9% level of significance (t-test), neither

4, The bottom fauna

The vertical differences in numbers of indi-
viduals and biomasses are seen in Figs. 2 and 3.
The vertical distribution of oxygen saturation
in summer and in winter is seen in Fig. 2.

Table 1 shows the abundances of the species or
groups in different depth zones in the southern
and northern parts of the lake. Table 2 lists
the species or groups in which the percentage
of the total number of individuals of each partial
area exceeds 5 9% (or, in the littoral, 10 9,).
The material is divided into three depth zones:

were differences observed between the total
numbers of individuals and the biomasses of
the corresponding depth zones of the southern
and northern parts.

In the profundal the most abundant species
is Pisidium conventus, followed by the Lumbri-
culidae, partly consisting of mature Stylodrilus
heringianus. In the sublittoral the larvae of
different groups of Chironomidae constitute more
than half the number of individuals of the macro-
fauna. The material from the littoral is meagre,
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Table 2. Average abundances and percentages of dominant species or groups, and standard errors of mean (m).
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Values are

given for groups exceeding 5 9%, and in the littoral 10 %.

Soutlhern part Northern part
% | Exx./m? +m % | Exx/m? +m
Profundal
Pisidium conventus 22,3 49,6 11.4 25.3 77.6 22,1
Lumbriculidae 15.8 35.3 16.7 25.0 79.8 221
Tanytarsini 20.7 46.0 15.4 - ~ -
Peloscolex ferox 5.0 11.2 5.8 20.8 63.8 25.9
Chironomini, no blood gills 6.5 145 3.8 7.8 24.0 12.7
Pontoporeia affinis 11,4 25.4 16.9 - - -
Tanypodinae 5.2 11.6 4.5 — - -
Orthocladinae - - - 7.2 24.0 9.8
Total fauna 100.0 223 23.3 100.0 308 50.0
Biomass g/m? - 0.45 0.5 - 0.87 0.5
Sublittoral
Chironomidae, undetermined 17.2 84.3 46.3 5.7 16.0 10.6
Tanytarsini 16.90 83.4 41,2 — — -
Chironomini, no blood gills 6.2 30.6 12.4 25.0 70.0 55.1
Tanypodinae 6.2 30.6 25.5 15.7 44.0 32.7
Pisidium lilljeborgi 9.4 46.4 22,9 - - ~
Asellus aquaticus - -~ - 12.9 36.1 294
Hydracarina T4 36.5 23.8 - - -
Ephemera vulgata - - — 8.6 241 24.0
Lumbriculidae - - - 7.9 221 4.3
Orthocladinae - — - 5.7 16.0 16.0
Total fauna 100.0 493 177 100.0 280 132
Biomass g/m? - 1.13 0.39 - 0.96 0.1
Littoral
Asellus aquaticus 12.2 273 224 45.7 749 -
Tanytarsini 23.4 522 117 - - -~
Chironomini, no blood gills 13.3 208 126 - ~ -
Total fauna 100.0 2338 531 100.0 1642 1061
Biomass g/m?® - 7.06 1.59 — 2,64 .38

but Asellus aquaticus and Chironomid larvae
are clearly the most abundant. Of the forms
in the littoral zone, Asellus, the Enchytraeids
and Gastropods as well as Trichoptera and
Ephemeroptera are absent from the deep sec-

tions of the lake.

Glacial relicts. SEGERSTRALE (1956) reported

ne, Kallavesi, Lohjanjirvi, and Pyhiéjirvi/Art-
jirvi). Mysis, Pallasea and Ponloporeia occur in
several IFinnish lakes, but SEGERSTRALE (1956)
reported Gammaracanthus only from live ad-
ditional lakes. It has later also been found in
Pagjarvi, Lammi.

Mpyoxocephalus quadricornis as the only relict
species from Konnevesi. Four relict crustaceans
living in Finnish lakes in or near the bottom
(Gammaracanthus lacustris, Pallasea quadrispi-
nosa, Ponloporeia affinis, and Mysis relicia)
were found in Konnevesi during the present
study (see Tables 1 and 3). According to SEGER-
STRALE, these four crustaceans are known to
live together in only four Finnish lakes (Pdijan-

Table 3. Samples taken with the trawl on 1 June 1970,
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Peloscolex ferox
Stylodrilus heringianus
Lumbriculidae spp.
Pisidium conventus
Pallasea quadrispinosa
Gammaracanthus lacustris
Mysis relicta, juv.

M. relicla, > 1-year-old
Tanytarsini
Chaoborus flavicans
C. flavicans, larvae
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Species diversity indices. Indices of species
diversity were calculated from the formula by
SHANNON & WEAVER (1963), where diversity

H - —Xp;log, ;i

(pi = ni/n, n; = number of individuals per ta-
xon, n = total number of organisms).

With the aid of diversity indices animal com-
munities of different areas or species lists of
different investigators or different studies can
be compared. The index expresses the relative
importance of each species in the community
and indicates the amount of information contai-
ned in the material as binary units per individual
(PizLou 1966). The indices calculated for the
bottom macrofauna from the present material
are seen in the tabulation below:

Southern Northern
Depth zone. part part
> 20 m 3.28 2,80
6-12 m 4.05 3.34
3m 3.83 3.10
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It is seen that the diversity indices vary be-
tween 2.s and 4.es. The values of the sublittoral
are the highest and those of the profundal the
lowest. These diversity indices are typical of a
clean bottom. In Lake Piijdnne, for instance,
certain parts of which are heavily polluted, the
index for the cleanest areas is > 3, whilst in
the most polluted areas it is < 1 (SARKKA 1972).
Similarly, WiLam (1970) reported that at the
cleanest stations of polluted streams the indices
are between 3 and 4, at the polluted stations
usually < 1.

For two reasons the diversity indices for Kon-
nevesi are somewhat too low. Firstly, identi-
fication of the material down to species level
could not be made for all groups, and thus some
taxons consist of several species. Secondly, the
actual number of species, especially in the lijt-
toral zone, is too low because of the small num-
ber of samples. A further factor affecting the
indices in the same direction is the fact that
many species and individuals, particularly the
very small ones, are lost owing to the sieving
technique. The highest values of the diversity
indices for the sublittoral zone may partly be
due to the fact that both littoral and profundal
faunal elements occur in this zone.

5. Discussion

In Konnevesi the littoral, if defined accord-
ing to the average Secchi disc transparency
(VaLLE 1927), reaches a depth of 5.4 m. The
lower limit of the higher aquatic vegetation
(= lower limit of the littoral according to ALLEE
et al. 1950, JARNEFELT 1953) was not studied.
A typical littoral animal, Asellus aquaticus,
is still found at 6 -7 m. The samples from
depths of 6-12m can thus be regarded as
representative of the sublittoral zone, the sam-
ples from about 3 m as the littoral zone, and
the samples from over 201 as the profundal
zone.

The numbers of individuals and the biomas-
ses are clearly highest in the littoral zone,
lowest at 12 — 20 m and higher again in the pro-
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fundal zone down to about 35 m (Figs. 2 and 3).
In the deepest profundal zone the numbers and
biomasses are again lower, probably because
of the low oxygen content in late winter (see
Fig. 2), and also because the organic matter
produced in the epilimnion may already be
too decomposed to provide enough food for
the bottom fauna. The correlations between
the abundance of bottom fauna and the en-
vironmental factors are very complicated, be-
cause, for instance, an increase in the amount
of food often results in a decrease of the oxygen
content. According to JARNEFELT (1955), it is
because so many environmental factors affect
the bottom fauna that no regular pattern is
seen in the vertical distribution of animals in
the deep oligotrophic lakes of Northern Europe.

According to the lake type classification of
JArNEFELT (1953), Lake Konnevesi resembles
the relict crustacean type or the Pisidium type.

Of the lake types described by VarLLe (1927),
Konnevesi does not conform to any of the
oligotrophic types. But according to the bot-
tom fauna it resembles the mesotrophic Lumbri-
culus - relict lakes, provided that Stylodrilus
heringianus was included in Lumbriculus by
VALLE as seems probable. On the other hand,
Konnevesi might also represent the eutrophic
Tubifex — Pontoporeia lakes, if »Tubifex» means
Peloscolex ferox. This shows that, instead of
classifying lakes more of less arbitrarily on the
basis of the entire bottom fauna, it is betfer
to examine the composition of the animal com-
munities of different depth zones and in dif-
ferent parts of a lake, with special attention
to the dominant species.
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