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I. INTRODUCTION

A quantitative benthic survey and qualitative studies on the littoral fauna of
two subarctic lakes and some tarns and rivers in Finnish Fjeld Lapland were car-
ried out during the summers of the years 1962—1964.

The purpose of this work was to determine the composition and quantity
of the aquatic fauna in subarctic waters and to find out some of the ecological
factors which can influence organisms in these circumstances. The standing crop
of the benthos was determined on the basis of the weight of preserved specimens
and problems concerning productivity have been discussed.

The term «subarctic« has been used here according to Tromasson (1956).
He states that arctic lakes are those situated in the tundra north of the tree
limit and that the lakes situated on the border between taiga and tundra (in the
zone of the subalpine birch forests in northern Fennoscandia) can be called
subarctic. Further THoMAssON mentions that especially in the mountain area of
northern Fennoscandia no clear distinction can be drawn between the con-
cepts of subarctic and alpine lakes.
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vojarvi in Utsjoki, 2 = Lake Kilpisjir-
vi in Enonteki6.
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The areas in which the fauna of subarctic lakes has been investigated include
northern Sweden (TmiENemANN, 1954, BrunpIN, 1956, PejLer, 1957 and GriMaAs,
1961), Petsamo (JirNerertT, 1934) and the Kola Peninsula and Siberia (cf.
ZuspiN and Gerp, 1963). Hydrographic investigations of the waters of the
subarctic region have been made in N. Sweden (Exman, 1957), in Canada (Raw-
soN, 1950) and in Finnish Lapland (JArNereLT, 1956 and 1963).

II. THE WATERS STUDIED

Two lakes, 11 tarns and about 10 rivers or brooks were investigated during
the summers of the period 1962—1964. The habitats studied are divided into
three categories according to altitude and the zone of vegetation (cf. PEJLER,
1957). The silvatic bodies of water in Utsjoki (Fig. 3) lie 83—105 m above
sea-level, and the alpine waters about 220—350 m above sea-level. Only two
subalpine tarns and some rivers were studied in Utsjoki and they are situated
170—220 m above sea-level.

The habitats are further divided into lotic and lenitic waters.

The lakes: Lake Kilpisjarvi (69°N, 20°55 E) in northwestern Finnish
Lapland belongs to the water system of the River Tornionjoki, which flows into
the Bothnian Bay. The morphometry of the lake has been discussed by La-
GERCRANTZ (1953), and the plankton and hydrography by JArRNEFELT (1956).
The lake is a typical mountain lake and lies in a deep tectonic valley. Owing
to its tectonic character the lake is rather deep (Table 1, Fig 5). The drainage
area of the lake is 260 km? and is characterized by Paleozoic schists. Owing to
the sharp sloping terrain the number of bogs is small. The lake consists of a
northern and a southern basin which are connected by a shallow straight (2
—3 m).

Lake Kevojarvi (69°45 N, 27° E) in N. E. Finnish Lapland (Fig. 1 and 2)
belongs to the water system of the rivers Utsjoki and Tana, which flow into the
Arctic Ocean. The lake is a typical lowland lake situated 75.5 m above sea-
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Fiig. 2. The depth chart of Kevojirvi (according to Periji, 1964).

level in a deep canoyon. The drainage area of the lake is characterized by the
old Precambrian peneplain with gently sloping fjelds which reach an altitude
of about 300—400 m. Some morphometric features of the lake are seen in
Table 1.

Table 1. The morphometric values of the two lakes (partly according to
LacercraNTZ, 1953 and PeTAjA, 1964).

Area m above A/B Max, Max. Average Volume

km? sea-level breadth  depth depth of water
km m m km®
Kilpisjarvi 37 463 2.7 3.0 50 15.9 0.59
N. basin 23 2.1 3.0 35 13.6 0.32
S. basin 14 2.2 1.9 50 19.5 0.27
Kevojirvi 1.8 75.5 1.6 0.9 35.5 — —

A == the greatest breadth in km
B = 2 r in the circle which has an area equal to that of the lake

Bottoms. In the upper littoral zone of the lakes coarse sand or stony bottoms
dominate. In Lake Kevojirvi they continue to a depth of 1—1.5 m except at
the mouth of the Rivers Kevojoki and Tsharsjoki (Fig. 6) where sandy bottoms
can be found down to a depth of 8—9 m. Below the erosion zone the bottoms
consist of decaying organic debris (Fig. 6 d) at 1.53 m and in the deepest
areas of the lake. Brown minerogenous deposits with small iron-manganese
concretions occur in the lake at depths of 10—25 m. These brown gyttja bottoms
dominate in Lake Kilpisjirvi, although the concretions were not observed there.
The amount of organic matter and allochthonous deposits is great in Kevojarvi,
but in Kilpisjarvi they are mainly restricted to shallow bays and the southern
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Fig. 3 (above). The location of the habitats
studied in Utsjoki.
Fig. 4 (right). Some hydrographic values
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part of the north basin. According to the quality of the sediments dominating in
the profundal zone, Kilpisjarvi can be grouped among the mountain lakes of
Northern Scandinavia (cf. LunoQvist, 1940). In these lakes fine minerogenous
sediments dominate and the fossils consist of Diatomae and Cyanophyceae.

The tarns: Of the 11 tarns studied 4 are situated in the silvatic zone west of

R. Kuokimaloki
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Fig. 5. The depth chart of Kilpisjarvi
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Table 2. Some hydrographic measurements of the waters of Utsjoki in July, 1963.

Kevo- Tarns in Tarns in Tarns in Kilpis-
jrvi lilvz_ltic subalpine alpine jarvi
region region region

m. above sea-level 75.5 83—105 170—220 220—350 463
area (hectares) 150 0.09—2.3 0.09—0.1 0.05—0.2 3700
greatest depth m 35.5 1—8 0.5—4.0 0.5—5.0 50
t° C 13.9 15,7—17.2 10.4—11.4 10.2—11.0 8.0—12.5
0; mg/1 9.8 9.53—10.18 104—11.4 10.3 c9.7
pH 6.9 6.2—6.7 6.7—6.87 5.95—6.9 c.7.4
SBV- 0.12 0.04—0.14 0.04 0.04—0.14 c.0.1
HCO; ppm/1 18 7 —_ —_— —
CaO mg/1 3.36 1.13—--3.92 1.12 1.12—3.92 c.3.2
KMnOx cons. mg/1 18 13.9—32.5 13.0—34.0 19.2—41.2 c.13.0
Secchi disc valuem 4.5 — — (1.5) c.9.8
Cl mg/1 1.6 - 1.6—1.7 — —_ c2.1

The values of the surface water of Kilpisjarvi were measured by JARNEFELT

(1956).
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Kevojdrvi, 2 in the subalpine zone (on the slope of the Jesnalvaara fjeld), and
5 in the alpine zone (on the slope of the Jesnalvaara fjeld and east of Lake
Mantojirvi in Utsjoki) (Fig. 3.). Some morphometric and hydrographic features
of these tarns are very variable. Table 2. Considerable mixing of their water may
occur during heavy rainfall and storms. During winter they may freeze down to
the bottom or the volume of water may decrease so seriously that there may be a
shortage of oxygen. This kind of phenomenon has been observed in some eutrophic
tarns in N. Sweden (Exman, 1957) and in Siberia (Zuapin and Gerp, 1963).

Rivers and brooks: Some rivers flowing into Kevojirvi were investigated in
July 1962 and 1963. The sampling stations are seen in Fig. 3. Hydrographic
analyses were made in them on July 30, 1962 (Fig. 4). Alpine brooks were
studied in the fjeld area east of Mantojirvi.

II1. MATERIAL AND METHODS

Bottom samples. 121 samples were taken in the lakes with a bottom dredge (Petersen
type) on July 1962 and 1964. The area of bottom studied amounts to 2.5 sq. m in Lake
Kilpisjarvi and 1.4 sq. m. in Lake Kevojirvi, The samples were taken at different depths
all over the lakes. The errors due to the small number of samples per locality (usually 2)
are partly eliminated by grouping together all samples taken in the same depth zone.
A sieve with a mesh size of 0.6 mm was used.

Altogether 3791 specimens were found in the bottom samples. They were preserved in
70 % alcohol or in a mixture of alcohol and formaldehyd. Special methods for identifying
midge larvae were used. The heads of these larvae were boiled in a KOH solution and
mounted through an alcohol series on slides, so that the hypostomium with its special
features could be seen. The oligochaetes were manipulated in an ammon-lactophenol solu-
tion (BrinkHURsT, 1963) before identification. Several slides with the mouth parts and
gills of the nymphs belonging to the orders Ephemeroptera and Plecoptera were prepared
as well (Bacce, 1965).

The wet weight of the animals preserved in alcohol was determined. No correction
was made for loss of weight during preservation.

Littoral samples. Qualitative samples in the littoral zone of lakes, rivers and tarns were
taken with a net (mesh size 1 mm) at 30 localities (Fig. 3). On stony bottoms the animals
were picked up by hand.

Some analyses of the food contained by fishes caught in the lakes were also made

Water samples. Physical and chemical analyses of the water were made for Kevojarvi
and some adjacent waters in July 1962—1963.

A Ruttner type sampler was used. Temperature was measured with a mercury thermo-
meter within the sampler. Secchi disc values were measured at noon with a white plate.
KMnO, consumption of water was determined by the method of KaarToTIE and RYHANEN
(1957). Owing to the small consumption of the titriment (n/100 KMnO solution) in the
titration, no dilution of samples was necessary. Alcalinity (SBV) of water was determined
by titrating samples of 100 ml with a n/10 HC] solution, and by using methyl-orange as
an indicator solution. CaO content of water was calculated from the SBV values by multi-
plying them by 28. pH was measured in situ with the Radiometer t. PHM 24 c. Cl was
determined using the Mohr titration.
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TIV. THE QUANTITY OF THE BOTTOM FAUNA IN THE LAKES
STUDIED

The average density of the whole bottom fauna is 1185 ind/m? in Kilpisjirvi
and only 541 ind/m? in Kevojirvi. The large numerical value in the former
lake is mainly due to the presence of small larvae of Orthocladiinae in every
depth zone of the lake, these larvae being rare in Kevojarvi.

The average biomass of the bottom fauna (wet weight of preserved specimens)
amounts to 3.32 g/m?® in Kevojirvi, while it is only 1.25 g/m? in Kilpisjarvi.
In the former lake large specimens, such as the larvae of caddis-flies and gastro-
pods, were relatively common in the littoral zone, thus increasing the total
biomass.

The values of the standing crop or biomasses of the bottom fauna (g/m?)
are seen in Table 3, where the values from the subarctic lakes studied are com-
pared with oligotrophic Lake Piijinne (Central Finland) (cf. VaLovirTa, 1959).

This table shows the maximum biomass values for every lake, in the upper
littoral zone (at a depth of 0—1 m in Kevojirvi). A remarkable decrease in
the biomass values is observed at depths of 3 m and 15 m in Kilpisjirvi and
at a depth of 7.5 m in Kevojarvi. In oligohumic Lake Keitele (Central Fin-
land) the corresponding decrease in biomass was observed at a depth of 7.5—
10 m (Bacee & JumppaneN, 1968). The change in the biomass values found in
these lakes coincides with a similar change in quality of the sediments, and may
also mark the boundary between the littoral and profundal zones. In large
oligohumic lakes (like Kilpisjarvi) littoral conditions can be found at a greater '

Table 3. Standing crop or biomass of benthic animals (g/m?).

Depth (m.) L. Kilpisjirvi L. Kevojirvi L. Pdijanne
1964 1962 (Varovirra, 1959)

0—1 —_ 6.04
1—2 4.5 7.3
2—3 5.1 2.1 1.58 (1—4 m.)
3—4 2.0 1.5
45 2.1 0.9 0.502 (4—7 m.)
5—7.5 2.3 2.9 (0.84)

7.5—10.0 2.06 0.6 0.675 (7—14 m.)
10—15.0 1.6 0.6

15—20.0 0.85 —_

20—25.0 0.33 0.3

25—30.0 0.35 0.2

30—35.0 0.26 0.2

35—40.0 0.24

40—45.0 0.12

over 45.0 1.064
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Fig. 7. The bathygraphic distribution and
density (ind/m?) of the bottom fauna in
the lakes.

depth than in meso- and polyhumic lakes. This fact is also shown by SvirpsoN &
NiLssoN (1964) in some Swedish lakes.

The high value for Kevojarvi at the depth zone of 5—7.5 m. is due to a large Lymnaea
peregra specimen found there. The value 0.84 in brackets (snail excluded) gives a more
accurate picture of the actual situation.

Table 4. The bathygraphic distribution and density ind/m? of benthic animals
in L. Kevojarvi.
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: 1 1717111 44457
Vorticella sp + + —_ + + — + +  —_ -
Spongilla lacustris 18.6 28 7.7 — 6.2 — 10.3 — — —
Nematoda 62 252 7.7 154 62 — — — — —
Oligochaeta 2728.0 646.8 77.7 107.8 68.2 103.0 41.3 46.5 18.6 —
Hirudinea 248 — - = — 310 — @ — — —
Copepoda 6.2 56 — ~ @ — @ — @ — — — —
Cladocera 31,0 140 154 — — — — 155 — —
Gammarus lacustris 186 14.0 154 — 62 — — @ — — —
Ostracoda — 28 — - - = = = = —
Ephemeroptera 18.6 56 — _— = = = = = —
Sialis spp. —_ 56 — 385 — -~ @ - = - —
Trichoptera 68.2 588 7.7 155 62 103 — — — —
Diptera (Tipulidae) —_— 28 — 7.7 — 103 — — — —
Dipt. (Chironomidae) 213.0 126.0 124.0 161.7 43.4 133.9 72.0 108.5 56.0 31.0
Coleoptera 248 — - - - @ — - - = —
Hydracarina 6.2 56 — -~ @ @—  — — —_ - —
Pisidiae 235.0 106.4 539 84.7 186 — 10.3 310 — —
Gastropoda 142.6 140 385 231 248 103 — — — —
Average density 1103.0 1036.0 346.5 469.5 186.0 298.7 133.9 201.5 74.4 31.0
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Table 5. The bathygr;a;phic distribution and density ind/m? of benthic animals
T et in L. Kilpisjirvi.
i

Depth zoné"‘;r_n_ z ! 1—2t 23 3—4 45 5—-75 75—10 10—15
Vorticella sp.:.- » — + + — + — +
Turbellaria B 53.9 341.0 31.0 —_ 40.3 31.0 20.4
Nematoda i 207.9 77.5 —_ 46.5 95.2 156.0 119.0
Oligochaeta ; 1686.3 8525 3100 356.5 362.3 300.0 492.0
Cladocera 15.4 31.0 —_ — 476  206.8 13.6
Copepoda < 15.4 15.5 — 15.5 11.0 10.3 —
Ostracoda i — 31.0 - — — 5.2 —_
Ephemeroptera 7.7 — — — residues —  residues
Trichoptera ) 7.7 — —_ — — — 3.4
Diptera (Tipulidae) 23.1 15.5 62.0 — 7.3 10.3 3.4
Dipt. (Chironomidae) 1409.1 1643.0 465.0 666.5 1753.0 13649 1023.4
Hydracarina 77.0 - 3720 186.0 155.0 73.2 414 20.4
Pisidiae 107.8 3875 — 31.00 3209 414 47.6
Gastropeda = 46.5 -31.0 - 155 7.4 5.2 -—
Bryozoa —_ 15.5 31.0 residues 3.7 31.0 3.4
Average density 3603.6 3828.5 1116.0 1266.5 2462.6 2197.0 1744.2.
Depth zone m- -~ 15—20 20—25 25—30  30—35 35—40° 40—45
Vorticella sp. + —_— + —_ + —_
Turbellaria 12.4 — —_ — — —
Nematoda 37.2 19.6 11.6 11.6 31.0 7.7
Oligochaeta 316.2 110.0 108.4 89.0 38.7 79.5
Cladocera 6.2 2.8 — — — 7.7
Copepoda 6.2 8.4 — — — —_—
Ephemeroptera residues — — — — —
Trichoptera < — —_— — — —
Diptera (Chironomidae) 508.4 160.5 100.6 85.2 108.5 61.9
Hydracarina 24.8 14.1 7.7 31.0 — 61.8
Pisidiae 34.1 8.4 23.2 — 15.5 7.7
Bryozoa 12.4 5.6 3.9 3.9 — —
Average density 961.0 330.0 255.4 220.6 193.7 224.7

Apart from Lake Piijinne, all the lakes mentioned in Table 6 are situated in
the subarctic area. Lake Katterjaure is situated 690 m, Blésjon, Kilpisjirvi and
Ankarvattnet 435—463 m and Kevojirvi only 75.5 m above sea-level. Except for
Kevojarvi all of them have clear, cold water with a high oxygen tension near
the bottom throughout the year. The dominant animal group in the profundal
zones is the family of Orthocladiinae. The percentage of the larvae of this family
in the whole chironomid fauna tends to increase with increasing altitude
(Brunpin, 1949). Owing to the high densities of these larvae in the mountain
lakes, the total density of the bottom fauna is somewhat greater there than in
Kevojirvi and Piijinne.
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Table 6. The niean density of benthic animals ind/m? at different depths in
some Fennoscandian lakes.

Depthm. L.Kevojirvi L. Piijinne L.Kilpis- ~ L.BMsjon L. Ankar, L. Katter-
o~ 1962 01959 -~ jirvi 1964 1961  vattnet 1961 jaure 1956
- (VALOVIRTA) (Grimis) (Grimis)  (BrunpIN)
0—1 1103.0 — — 938 9652 —
1—22 . 10360 11200 13603.0 o : —
23 . 3465 < 3828.5 " 1550 7882 —
3—4 469.7 < 1116.0 3800—4700
45 186.0 1286.5 2017 5497 —_
5—6 298.7 338 (4.5—7m) 2462.6 3187 —
67 < < 5275 4596 —
7.5—10 133.9 399 (7—14m) 2197.2 4090 4444 ab. 2000
10—15 201.5 < 1744.0 2905 3708 ab. 1000
15—20 — 961.0 1474 2717 ab. 750
2025 744 330.0 750 1599 ab. 435
25—30 < v 255.4 ok <
30—35 31.0 220.6 ab. 435
35—40 193.7 717 1243
40—45 224.7 .
50—70 531 (14—90m) ab, 884 390

V. SYSTEMATIC ECOLOGICAL SURVEY OF THE FAUNA

Porifera

Spongilla lacustris (L.) is widespread in the waters of the silvatic region in Utsjoki.
In Kevojirvi it was common in the Iso&tes zone, living on silt bottoms or on pieces of
wood. The vertical distribution of the species in the lake was from 0.2 to 8.0 m, but
spiculae were found in bottom samples at every depth. JirnereLt (1934) found them in
Lake Kivijirvi in Petsamo.

The absence of the species from all the subalpine and alpine waters studied can be due
to low temperature and to the mechanical action of ice especially in shallow tarns, Accor-
ding to Jewrtr (1935 in Macan, 1963), the species is better adapted to living in waters
with a small SiO; content than other Spongilla species.

Ephydatia fluviatilis (L.) was found in a lake outlet biocoenose in the River Kuokima-
joki which flows into Kilpisjirvi. According to Mirrer (1954), the species is common in
some forest rivers in N. Sweden, being specially adapted to lake outlet biocoenoses, where
the speed of the current varies from 0.3 to 1.2 m per second. Other species found in the
same locality in the Kuokimajoki were Rhyacophila nubila and Simulium larvae.

Turbellaria

Flatworms were found in Lake Kilpisjirvi at depths of 1.0 to 15 meters. The dominant
species was Otomesostoma auditivum (Plessis). Some specimens of Mesostoma platy-
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mesostoma auditivum (Turbellaria) at dif- bution of oligochaetes in the lakes studied.
ferent depth zones in Kilpisjirvi.

gastricum Hofsten were also collected in the littoral of the lake. The vertical distribution
of flatworms in Kilpisjarvi is seen in Fig. 8. The absolute maximum density of Otomse-
sostoma auditivum was 651 ind./sq.m at a depth of 2.5 m. In the lakes Blasjén and
Ankarvattnet (Grimis, 1961) the maximum density of the group also occurred in the
upper littoral zone. Von Horsten (1911) states that they are found at the greatest depths
of some alpine lakes in Switzerland.

Otomesostoma auditivum is assumed to be a cold stenothermal species inhabiting deep,
cold moutain lakes in Europe. Lurner (1960), however, mentions it from the lakes Loh-
janjarvi, Hormajdrvi and Tvirminnetrisk in S. Finland. STEINBOCK (1942 in Lurses,
1960) states that the species cannot tolerate low oxygen tensions. It is usually found
living in the upper stratum of bottom sediments and it does not penetrate to the
interstitial spaces of sediments which are poor in oxygen.

Mesostoma platygastricum has previously been found in a tarn on the slope of the
Saana fjeld (Lurer, 1963), moreover it has been reported from Novaya Zemlja and
Alaska.

Luraer (1960, 1961 and 1963) lists about 20 species in the Kilpisjirvi region. The
most common of them in brooks are Grenobia alpina (Dana) (found in Utsjoki too),
Mesostoma maculatum Hofsten and Ascophora elegantissima Findenegg. In the dystrophic
tarns in the alpine region Catenula lemnae Ant. Dugds, Rhynchomesostoma rostratum
(Miiller) and several Gastrada species were frequently observed. In the littoral zone of
Kilpisjarvi some species such as Stenostomum leucops leucops (Ant. Dugés) were observed.

Almost all of the species found are cold stenothermal and have an arctic or high
boreal distribution area.
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Nematoda

In Kilpisjirvi nematodes were observed at every depth, but they were absent from
the profundal zone of Kevojirvi. In Kilpisjarvi their maximum density was 651 ind/m?
at a depth of 8 m. In Kevojirvi the absolute maximum density of the group was found
in the Isoétes zone (311 ind/m?). The densities of nematodes in Finnish subarctic lakes
accord well with those found in the Jimtlandic lakes (Grimis, 1961). In Lake Blasjén a
clear decrease of the Nematoda fauna was found after the beginning of regulation.

Compared with the density values recorded in the lakes of S. Sweden (BrunDIN, 1949),
the Nematoda fauna is rather sparse in subarctic waters. Parasitic species were collected
in the stomachs of grayling.

The bathygraphic distribution of Nematoda is seen in Fig. 8.

Nematomorpha

Owing to the littoral nature of the group no specimens were found in the samples
from soft bottoms. In Kevojirvi some specimens of Gordius aquaticus Dujardin were
collected in the Myriophyllum zone. JArnereLT (1934) found this species once in Lake
Haukilampi in Petsamo.

A large number of Nematomorpha were found in the stomachs of some grayling
collected in the River Vetsikkojoki and also in in the stomachs of char caught in Lake
Jehkatsjarvi northeast of Kilpisjarvi. All the specimens discovered in the stomachs of
fishes belonged to the genus Gordionus (G. W. Miiller). The features of some male
specimens studied accord well with those of Gordionus lapponicus, described by MoONTEN
(1951 p. 165) from the Virihaure area. Like G. alpestris (Villot) mentioned by LEvan-
DER (1908) from Finnish Lapland, it may belong to the cold stenothermal faunal element.
The large number of Nematomorpha found in the stomachs of grayling and char indicate
that they have been directly devoured by these fish,

Oligochaeta

Together with midge larvae, oligochaetes dominated in the bottom fauna of the two
lakes. Their mean density is 317.8 ind/m’ in Kilpisjirvi and 244.2 ind/m?® in Kevojirvi.
Owing to the differences in the species composition between the lakes the average biomass
of Kevojirvi is somewhat greater than that of the former lake (0.80 and 0.63 g/m®
respectively). The densities found in these subarctic lakes are rather high compared with
those of many other Fennoscandian lakes (Vaire, 1927 and Jirnerert, 1934). (Table 7).

The remarkable differences found in the densities of oligochaetes are mainly due to
different dominant species prevailing in the lakes and to the physical and chemical
characters of the water and sediments. In the subarctic lakes the cold stenothermal
species Peloscolex ferox and Stylodrilus heringianus play a dominant réle. In the lakes
of Jimtland (GriMAs, 1961), as in the lakes of S. Sweden (Brunpin, 1949), small speci-
mens belonging to the family Naididae are abundant. In the lakes north of Lake Ladoga
Tubifex tubifex, Peloscolex ferox and Limnodrilus species are the most common oligochaetes
(VaLLe, 1927).

In Kilpisjarvi, as in the lakes of Jimtland (GrmMis, 1961), oligochaetes were found
at every depth (Fig. 9). In Kevojirvi, as in many lakes studied by VaLLe and JARNEFELT,
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Table 7. The average density and percentage of oligochaetes in the bottom
fauna of some Fennoscandian lakes.

ind/m? % of the bot-
tom fauna
VaLre (1927):
Eutrophic lakes north of L. Ladoga 24—136 10—55.9
Mesotrophie lakes north of L. Ladoga 0— 96.7 0—72.5
Oligotrophic lakes north of L.Ladoga only in the littoral zone
Ovstap (1925): Mountain lakes of Norway 3—1719
JARNEFELT (1934): Lakes of Petsamo
Laukketjaur littoral 69—127.8
profund. 15— 23
Pazzjaur littoral 27.6—134
profund. 9.2— 46
Kiddjaur littoral 30.7— 55.4
profund. 0— 27.6
Treffonjaur profund 18.4— 46.0
Kiephnukkesjaur 129.4—545.8
Grimis (1961): Lakes of Jamtland
Ankarvattnet 718 12.8
Blasjon 405 13.1
This investigation: Lakes of Finnish Lapland
Kilpisjarvi 3178 27.0
Kevojirvi 244.2 44.0

oligochaetes were not recorded in the deepest profundal zone. This may partly be de due
to the poor oxygen conditions prevailing in the mud-water interface especially in poly- -
and mesohumic lakes. Oxygen deficiency limits the distribution of the cold stenothermal
species in particular, It is worth noting that the profundal zone of Kevojirvi is inhabited
by Tubifex species (Tubifex tubifex included), which can tolerate low oxygen tension.
(LinproTH, 1947).

As is seen in Fig. 9, a remarkable decrease in the densities of the oligochaetes is
found at a depth of 2 metres. The species especially favouring the upper littoral zone in
the subarctic lakes are Tubifex species. and Enchytraeidae (Table 8).

Naididae. This group seems to be rare in the subarctic waters of Finnish Lapland
although ‘it dominates in the lakes of Jimtland (Grimis, 1961). Only two specimens
belonging to the genus Nais were collected in Kilpisjarvi.

Stylaria lacustris (L.). One specimen was collected in the vegetation zone of Kevo-
jarvi. The species is widely distributed in Sweden (Spersrr, 1948) and has been collected
in the lakes of Swedish Lapland. According to BrinkaursT (1963) the species is found
in England in both fresh and brackish waters but is more common in lakes.

Tubificidae are more common in «mesohumic« Lake Kevojirvi than in oligohumic
Kilpisjarvi. A great deal of the specimens collected in the profundal zone of the former
lake belong to Tubifex tubifex (Miill.). The species is euryoxybiontic and favours soft bottoms
rich in nutrients (VaLLE, 1927). According to Lenz (1928), it can be included among
species of the so-called Baltic lake type. The lack of Tubifex species in the small water-
bodies studied and their scanty distribution in ultracligotrophic Kilpisjarvi may indicate
that they can not compete with cold stenothermal species in these cold waters poor in
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nutrients. Brunpiv (1956), however, has collected them in arctic Lake Katterjaure where
they lived with Peloscolex ferox.

Peloscolex ferox (Eis.) is widespread in Finland favouring oligotrophic waters.
The maximum density of the species in the subarctic lakes is found in the upper littoral
zone while in the lakes of S. Finland the species is restricted to the profundal area (VALLE,
1927. Apart from being found in the lakes it also occurred in small silvatic tarns in the
vicinity of Kevojirvi.

A Limnodrilus species was common in the profundal zone of Kilpisjirvi (Table 8).

Lumbriculidae. Stylodrilus heringianus (Clap.) was found both in the lakes and in small
tarns of the alpine region in Utsjoki. In Kevojirvi the species was restricted to the upper
littoral zone, while in Kilpisjarvi it was almost eurybathic. The species like Peloscolex ferox
is assumed to be cold stenothermal because it is widely distributed in arctic and alpine
lakes (cf Prquer, 1919). He collected it in the lakes of N. Sweden at depths of 30—130
metres. BrINkHURST (1963) mentions it as living in England in both lotic and lenitic
habitats, especially on sandy bottoms in oligotrophic waters. In Germany it is reported in
the vegetation zone of some lakes (MicharLsen, 1900 in Varie, 1927), and in some
Polish lakes it is found in the sublittoral zone (Rzoska, 1937). The last-mentioned finds
of this species indicate a remarkable wide range of tolerance of temperature and depth
factors.

Lumbriculus variegatus (Miill.) was found in all the lenitic habitats studied. It was
especially common in the Isoétes zone in Kevojirvi, where it was only found down to a
depth of 2 m. In Kilpisjirvi the greatest depth at which the species was recorded was
39 m. In some Swiss lakes it has been collected at a depth of 35 m (Upk, 1929) and in
the lakes north of Lake Ladoga (VaALL, 1927) it is found down to a depth of 20.5 m.
The species is very eurytopic in the fresh waters of Finland. Prouer found it living in
small dystrophic tarns on the slope of the Sarek fjeld in N, Sweden. The greatest altitude
at which the species was found there was 780 m above sea level.

Lumbricidae. Eiseniella tetraedra {Sav.). 1 specimen was found in the littoral zone of
Kilpisjarvi among the Carex vegetation. The northernmost record of the species in Finland
hitherto was near Oulu (KarpriNen & NURMINEN, 1964).

Hirudinea

Leeches seem to occur only in Kevojirvi and some adjacent tarns in the silvatic region
of Utsjoki. The absolute maximum density was recorded in the lake at a depth of 6 m
(93 ind/m®) among the Nitella vegetation.

According to BrRUNDIN (1949), leeches are inhabitants of the littoral and sublittoral
zones in the lakes of S. Sweden. Their maximum density was recorded in polyhumic Lake
Skirhultsjon, where 820 ind/m* were found at a depth of 0.2 m. In oligohumic Lake
Innaren some species were found down to a depth of 17 m. In the lakes of the Petsamo
area they were found only in the littoral zone (JArNEreLT, 1934).

Glossiphonia complanata (L.) was the most common Hirudinean species in the area.
The length of the specimens collected in July and August 1962 varied from 5 to 15 mm.
At the end of July some juvenile specimens were found. All the specimens collected in
Utsjoki seemed to belong to f. concolor (Apathy) which was also found by Jarnefelt in the
Petsamo area.

According to Boisen-BeNNIKE (1943), the species has an almost cosmopolitan distribu-
tion. The northernmost record is from near Tromse (N. Norway). The species is eurytopic
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and favours stony bottoms. It was not recorded in waters with a high humus content
and low pH. According to Borsen-BENNIKE the species tolerates a pH range between 6.3
and 7.2, and a Ca-content below 9 mg CaO/1. As with other leeches, the factors limiting
the distribution of the species in the subarctic waters are temperature, and probably lack
of food. The bathygraphic distribution in lakes is limited by the lack of hard substrates
below the vegetation zone. The species seems to favour bottoms with a large amount of
decaying leaves and detritus.

Helobdella stagnalis (L.) was found only in Kevojirvi, where it lived down to a
depth of 6 m. The length of the specimens collected in July and August varied from
6 to 8 mm.

According to Borsen-BennIKE, the species has an almost global distribution. It has been
reported in a hot well in Island (+32°C) (Bruun, 1938 in Borsen-Bennike, 1943), as well
as in glacier lakes. It can also tolerate water with a high humus content and low pH-
values.

Like Glossiphonia complanata, the species is found in Petsamo (Jirnerert, 1934) and
in the arctic Virihaure area in N. Sweden (WingsTrRAND, 1951). In the waters of Utsjoki
it seems to be less common than Glossiphonia.

Euphyllopoda

Polyartemia forcipata Fisch. was found in both areas studied, living in permanent
subalpine tarns. Some specimens were collected in Lake Maasseljirvi east of Kilpisjirvi,
where it was also recorded by Kowur (1956). According to LEvanDer (1901), on the Coast
of Murman the species seems to favour temperate water-bodies. The material collected on
July 20 in Utsjoki consists of 38 males and 39 females. They are distributed by size class
as follows:

length mm 6 7 8 9 10 11 12
males 2 5 15 12 4 — -—
females _— — 2 5 17 12 3

All the females were ovigerous. According to LEVANDER, the maximum length of females
on the Coast of Murman may be 19 mm. The length of the specimens collected in the
Virihaure area (WinNesTRAND, 1951) varies within the same range as that of the Utsjoki
specimens,

Cladocera

The percentage of this group in the benthos of Kilpisjarvi is only 2 %, and the biomass
is minute. The most numerous species in all the lenitic habitats studied was Eurycercus
lamellatus O. F. Miiller, which was found in Kevojarvi down to a depth of 10 m and in
Kilpisjarvi to a depth of 23.5 m. The greatest density was 31 ind/m? in the former and
206.8 ind/m’ in the latter lake. Besides being found at the bottom' of the two lakes the
species was abundant in the vegetation zone of all the tarns studied. WingsTrRAND (1951)
mentions it as the most common water-flea in the waters of the arctic Virihaure area.

In the bottom samples from the littoral zone of Kevojirvi Alonopsis elongata G. O.
Sars and Daphnia longispina O. F. Miiller were also recorded. One specimen of Polyphemus
pediculus (L.) was found in a sample taken at a depth of 40 m. in Kilpisjirvi. It was
not listed in the plankton samples taken from the lake by JArnereLt (1956).
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Altogether 9 species of water-fleas were recorded in the waters studied. Their distri-
bution in different habitats is seen in Table 9. Owing to the large mesh size of the net used
(1 mm) many small species and specimens may have been missed.

Table 9. The distribution of water-fleas in the waters studied.

Kevojiarvi  Kilpisjarvi silvatic subalpine alpine

region region region
Bosmina longirostris + + + — —_
Eurycercus lamellatus + -+ + ? +
Daphnia longispina + + + 4+ — —_
Daphnia pulex —_ — + — —
Alonopsis elongata + —_ + — +
Scapholeberis mucronata — — — + —
Ophryoxus gracilis —_ — — + +
Polyphemus pediculus — + — _— -
Chydorus sphaericus -+ — + — +

According to the Table 9, the most eurytopic species in the area are Eurycercus lamellatus
and Alonopsis elongata. The cosmopolitan species Chydorus sphaericus also seems to be
widely distributed in the waters studied but, like Scapholeberis mucronata, it favours
waters with a rather high humus content.

Amphipoda

The only representative of this group in the waters studied is Gammarus lacustris Sars.
It was found in Kevojérvi and in some silvatic and subalpine tarns in Utsjoki and in subal-
pine tarns in the Kilpisjarvi region. In Kevojarvi it occurs down to a depth of 4.5 m
(Bacgce, 1964). Locally the density of the species exceeded 200 ind/m?, but the mean value
was below 20 ind/m.* The greatest biomasses were found in localities rich in detritus.
The densities of Gammarus populations in small tarns were often much higher than those
in the lake. It is probable that the presence of fish limits the density of the species
especially in small tarns. In the tarns on the slope of the Jesnalvaara fjeld the species
inhabited the upper tarns, but was absent from the lower tarns, where a rich stock of
perch existed. All the tarns mentioned are connected to each other by small brooks.
According to NiLsson (1961), in some lakes of Jimtland, Gammarus lacustris may consti-
tute up to 40 % of the food consumed by trout and char. In the stomach of one Salvelinus
alpinus caught in Lake Jehkatsjirvi in the Kilpisjirvi region, 45 specimens of G. lacustris
were found.

Owing to the great importance of the species in the food chains of subarctic waters and
its high value as fish food it should be useful to plant it out in different waters.

The stock of the species in Kevojirvi seems to fluctuate from year to year. After
existing in great numbers in 1962 it had almost totally disappeared in 1964 (SuorMaLa, 1965
pers.comm.).

In the Petsamo area (JARNEFELT, 1934) the species was abundant in the shallow Lake
Peurajirvi, which is rich in nutrients owing to a large population of water fowl.
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Copepoda

The group is of small importance in the benthos of the lakes studied. Moreover a
great deal of specimens may have been lost during the washing procedure. In the lakes
Bl3sjon and Ankarvattnet in N, Sweden the group constitutes 3.2 and 3.7 % respectively
of the whole bottom fauna (Grimmis, 1961). In Kilpisjirvi the bathygraphic distribution
of the copepods ranged from 0 to 20 m. The absolute maximum density was about 40
ind/m’. Diaptomus graciloides was recorded at depths of 10—20 metres only. In the litto-
ral zone some specimens belonging to the genera Diaptomus and Cyclops (C. strenuus)
were found. In the bottom samples from Kevojirvi Acanthocyclops capillatus occurred at
depths of 0.5-—1.6 m. Some specimens of this species like some Cyclops specimens were
collected in the tarns of the alpine and subalpine regions in Utsjoki.

Ephemeroptera

Only a few nymphs belonging to this order were collected on the soft bottoms of the
lakes. The maximum density 62 ind/m* was observed in the Carex zone of Kevojirvi. The
species dominating there was Siphlonurus aestivalis Eaton. In Kilpisjarvi it was recorded
only once in the bottom samples at a depth of 1 m. Other species collected in the bottom
samples of Kevojiarvi were Leptophlebia vespertina L. and Ephemera vulgata L. The last-
mentioned species seems to be rare in the subarctic waters (Bacer, 1965).

Some remains of nymphs of this order were found at the considerable depth of 15—
20 m in Kilpisjarvi, but living specimens were restricted in both lakes to the upper littoral

Table 10. Distribution of the nymphs of mayflies in the waters studied.
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Ephemera vulgata — — + — — — —
Heptagenia fuscogrisea + ? — —_ — — — _—
H. dalecarlica — — + — — + + —
Arthroplea congener — —_ + — — — — —
Siphlonurus aestivalis + 4+ + + + — + —
S. lacustris —_— —_ — -+ + — + —
Ameletus alpinus ++ + + — — — + —
Baétis pumilus — —_ + — — —_ + —
B. rhodani ++ — —_ — — —_— + —
B. macani -+ + — — — 4+ — +
Centroptilum diaphanum — — — + — —
Leptophlebia vespertina + -+ — + — + — 4+
L. marginata + J— —_ — — — —_ 4+
Chitonophora aurivillii — — — — -+ — —_
Ephemerella ignita — — — — — + —_ —
Metretopus borealis — — + — — _— —_

(+ = rare, + + = common)
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zone. In the lakes of Jimtland mayflies have also been observed to inhabit the littoral zone
down to a depth of 7 m, the maximum density being found at depths of 0—2 m
(Grimas, 1961).

Nymphs were frequently found in the small bodies of water in the study area. Their
distribution among different habitats is seen in Table 10.

In addition to the ephemeropteran and plecopteran fauna of Utsjoki (Bacce, 1965)
Ephemerella ignita Poda should be mentioned. It was found in July 1963 in subalpine
Lake Taabmukjirvi. Altogether the material from Utsjoki comprises 13 and that from
the Kilpisjarvi region 11 species of mayfly. A great deal of them were identified by Mr.
Michael Saaristo, M. Sc.

The nymphs which were identified by me to belong to Ephemerella notata Eat.
(Bacce, 1965 p. 106), seem to belong to Chitonophora aurivillii Bengts.

The most eurytopic species in subarctic waters seem to be Leptophlebia vespertina L.
and L. marginata L. which occurred at every altitude. Siphlonurus aestivalis Eaton was
common in all kinds of lenitic habitats and also in slow-running waters in Utsjoki, but in
Kilpisjarvi only one specimen was found.

The genus Siphlonurus is well adapted to living in cold subarctic waters owing to the
thick reticular chorion which shelters its eggs (BenoTsson, 1913 in Grimas, 1961).

Heptagenia dalecarlica Bengts., Arthroplea congener Bengts., Metretopus borealis Eaton,
and Baétis pumilus (Burm.) were observed in running waters alone.

The following species were collected in Kevojirvi and adjacent waters in the silvatic
region: Centroptilum diaphanum Mill., Chitonophora aurivillii Bengts., and Siphlonurus
lacustris Eaton. The last-mentioned species was called Siphlonurus zetterstedti Bengts.
in my list of the ephemeropteran fauna of Utsjoki (Bacek, 1965), but according to Brexkk
(1965 p. 12) Siphlonurus zetterstedti Bengts. is a synonym for Siphlonurus lacustris Eaton.

The nymphs belonging to Baétis macani Kimmins were numerous in some alpine tarns
and brooks in Utsjoki (Bacck, 1965). In July 1964 they were found in three localities in
the littoral of Kilpisjarvi. The locus typicus (Lake Saanajirvi) of the species (KiMmins,
1957) is situated only one mile east of Kilpisjarvi. MULLER-LIEBENAU (1965) mentions some
finds of the nymphs of this species made by BencTsson in Swedish Lapland in the early
twenties. According to her review of BencTsson’s material, the species Baétis wallengreni
Bengts. which is recorded from the subarctic area by BrEKKE (1938) and Tiensuu (1939)
among others, is a synonym for Baétis rhodani Pict. The nymphs collected by me in
subarctic waters in Finnish Lapland accord well with Macan,s description of the species
B. rhodani (Macan, 1961). According to Brekke (1965 p. 12 and 13) Ameletus alpinus
Bengts. may be a synonym for Ameletus inopinatus Eaton.

The nymphs and adults of mayflies play a remarkable réle in the food chains leading
to fish in the subarctic waters, Mouth parts and wings of mayflies were frequently found
in the stomachs of grayling and brook trout caught in the running waters of Utsjoki. Espe-
cially the species Heptagenia dalecarlica and Baétis spp. are frequently recorded in the
alimentary canals of fish (Bacee 1965).

Plecoptera

The nymphs of stoneflies were totally absent from the soft bottoms of the two lakes.
Nor were any found in the silvatic tarns in Utsjoki., Altogether 15 species (most in running
waters) were collected in the area. They are distributed among different habitats as follows

(Table 11).
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Table 11. Distribution of the nymphs of stoneflies in the waters studied.

Utsjoki

Kevo-  Kilpis- Kilpisj. alpine rivers alpine

jarvi jarvi tarns tarns streams brooks

(lake) (lake) rivers
Protonemura meyeri — + 4+ + — — —
Nemoura sulcicollis — + + — + —
N. borealis J— — — —_ + —
N. cinerea — + ++ + + + +
N. flexuosa — — —_ — + —
N. avicularis —_— 4+ + —_— — —_—
N. sahlbergi —_ + + + —_ —_ —
Nemurella picteti —_ — + —_ —
Capnia atra —_ -+ + — —_— —
Arcynopteryx compacta —_ + ? —_— J— —
Diura bicaudata — + + — 3
D. nanseni —_ — — — + —
Isoperla graminatica — 4- - -— —
I. obscura + + —_ — + -—
Chloroperla burmeisteri — — — — + —_—

(+ == rare, 4+ + = common)

In addition to the species mentioned above, some imagos belonging to. Capnia pygmaea
Zett, were collected on the shore of Kilpisjarvi in July, 1964. In the Virihaure area in N.
Sweden, stoneflies were found both in the littoral zone of the lakes (0.3 % of the whole
aquatic fauna) and in streams (1.3 %) (Brinck, 1949). ) )

According to Table 11, the most eurytopic plecopteran species in the area studied are
Nemoura cinerea Retz. and Isoperla obscura Zett, Nemoura cinerea is very widespread
in Finland (MEINANDER, 1965) and seems to tolerate waters with a high humus content and
low pH very well; it is often found living in boggy pools and ditches in S. Finland
(Bacce, unpubl,) Nemoura sulcicollis Steph. and Diura dicaudata L. are also, rather eu-
rytopic in the subarctic waters, though they were absent from Kevojirvi.

Although stoneflies in general seem to favour lotic habitats, several species were
frequently found in lakes and tarns in the study area. The most common of them in Kilpis-
jarvi are Diura bicaudata L., Protonemura meyeri (Pict.) and Isoperla obscura Zett. The
nymphs of the last two species were found especially in Scorpidium carpets, while the
nymphs of Diura bicaudata favoured stony bottoms.

Five males belonging to Nemoura sahlbergi Mort. were collected on the shore of Kilpis-
jarvi. It is possible that some Nemoura nymphs found in the south basin of the lake and
in Lake Maasseljirvi belong to this species. Their habitus is like that of the nymphs of
Nemoura arctica Esp. Pet. (Brinck, 1952 p. 106), but on the outer side of the galea are
some short hairs and the distal part of the lacinia is deeply toothed. According to MEINANDER
(1965), the species is known in the Kilpisjirvi area and in Utsjoki and Petsamo.

The plecopteran fauna of the Kilpisjirvi region is characterized by the occurrence of
some arctic species which are called by IrLies (1953) «nérdliche Gletscherrandartene.
The most common of them are Arcynopteryx compacta Klap. and Diura bicaudata L. The
brachypterous males of these species were frequently found on the walls and windows of
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the Biological Station in July. Both the species mentioned above, like Capnia atra Mort.
and Nemurella picteti Klap., occur in the mountain waters of Scandinavia up to 1000 m.
above sea-level. (Brinck, 1951).

In the waters of the Utsjoki region (Bacer, 1965) the «Gletscherrand« species Diura
nanseni Kemp., was observed. It should be mentioned that Nemoura erratica Claassen
(reported by me from Utsjoki) is Nemoura flexuosa Aubert (MEINANDER, 1965). Outside
Utsjoki it is found in Finland in southern Lapland, Uusimaa and the river system of the
Kymijoki (MEINANDER, 1965 p. 17).

As is shown by Brinck (1949), the percentage of stoneflies in the whole aquatic fauna
of the arctic Virihaure area is remarkably high. The very great affinity found there between
the fauna of mountain lakes and streams is to a great extent due to the stoneflies which
are common to both habitats. In addition, in the Kilpisjirvi region, the plecopteran fauna
of the lake and running waters is rather similar. In the Kevo area the affinity between the
fauna of the lake and the rivers is not so marked, which may be due to the smaller size,
higher temperature and more sheltered position of the lake compared with Kilpisjirvi.

Megaloptera

The larvae of alder-flies were absent from the soft bottoms of Kilpisjarvi while they
were locally common in Kevojirvi. The bathymetric distribution of the larvae ranged there
from 0.5 to 3.5 m. The maximum density was found at the mouth of the River
Kevojoki (217 ind/m?) at a depth of 3.5 m. In addition, some larvae were collected in al-
pine and subalpine tarns in Utsjoki. The skin of a Sialis larva was found on the ice of
Lake Saanajirvi on July 20 1964.

All the specimens collected belonged to the genus Sialis but were different from any
larvae which had previously been described. According to Mzinanper (1962), 4 Sialis
species are known from Utsjoki. The most common of them are Sialis morio Klst. and S.
sordida Klst.

Trichoptera

The maximum density of the larvae of caddis-flies was found in the upper littoral zone
in both lakes studies. Their bathymetric distribution is the following:

Depth zone L. Kevojirvi L. Kilpisjarvi
0—1lm 68.2 ind/m" ?
1—2 588 « 7.7 ind/m’
2—3 7.7 <« —
3—4 154 « —
4—5 6.2 < —
5—7.5 10.3 « —

7.5—10 —_— —_

10—15 — 34 <«

In the samples from soft bottoms Molanna albicans Zett. and Molannodes tincta Zett.
were the most common species in Kevojirvi. Some specimens belonging to the genus
Limnophilus were collected in the bottom samples too. Among them (at least 4 species)
only the larvae of Limnophilus nigriceps Zett. and L. borealis Zett. could be identified. In
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Kilpisjarvi only some specimens belonging to the genus Limnophilus were found on soft
bottoms. A pupa was observed at a depth of 10.5 m.

BrunDIiN (1949) states that the group is littoral in its distribution in Swedish lakes.
The bathygraphic distribution of the larvae was wider in oligohumic lakes (in Lake Inna-
ren down to 19 m) than in meso- or polyhumic lakes (down to 11 m and 6 m respectively).
In the lakes of S. Sweden the species living in deep water belong to the family Hydroptilidae.
They seem to be rare or absent in subarctic waters. The greatest depth at which the larvae
of caddis-flies were found in the lakes of Jimtland was 13 m (GrimAs, 1961). JARNEFELT
(1934) found them in the littoral zone of the lakes of Petsamo. In Lake Saimaa in E.
Finland I have collected some Phryganean larvae at a depth of 19 m in winter 1963,

The species favouring hard bottoms in Lake Kevojarvi were Potamophylax stellatus
Curt., Limnophilus borealis, and Athripsodes annulicornis Steph. On July 7, 1962, the
pupae of Potamophylax stellatus were very common in the lake (29 pupae were found on
a stone with an area of 30 cm®). Moreover some larvae belonging to the genera Apatania
and Mystacides were frequently found among stones in the lake.

In addition to being found in the lakes the larvae of caddis-flies were frequently ob-
served in lotic habitats. Uusi-Honko (1960) has found together 15 species of caddis-flies
in the rivers and streams of Utsjoki, and considers lotic habitats to be the optimum biotope
for the group. According to him common species in streams are Arctopsyche ladogensis
Kol., Apatania wallengreni Mc Lach., A. stigmatella Zett., and Plectrocnemia conspersa
Curt. He quotes the following species as occurring in rivers only: Molanna angustata Curt.,
Athripsodes excisus Mort., and Polycentropus flavomaculatus Pict. In my material collected
in rivers in 1962 the larvae of Rhyacophila nubila Zett., Potamophylax stellatus Curt.,

Table 12. The distribution of the larvae of caddis-flies in the waters studied.
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Molannodes tincta Zett. and Neureclipsis bimaculata L. occurred rather frequently. The
latter species was restricted to brooks with a rather high humus content. Some larvae of
Rhyacophila nubila were found in the River Kuokimajoki in July, 1964, Polycentropus
flavomaculatus which was assumed by Uusi-Honko to be a lotic species, and whose pupae
were very common in the Rivers Kevojoki and Tsharsjoki in July, 1962, was found in Kevo-
jarvi too.

According to the table, the most eurytopic species in the Kevo area are Potamophylax
stellatus and Molannodes tincta, which were found in lotic and lenitic habitats at every
altitude. The species which seem to be restricted to the alpine waters are Grammotaulius
signatipennis Mc Lach., and Philopotamus montanus Pon. Uus-Hoxko (1960) found the
arctic species Lenarchus productus Mort. and Asynarchus contumax Mc Lach. in the brooks
of the alpine region of Utsjoki. Philopotamus montanus which has a flying period in the
early summer in Utsjoki (Uusi-Honko, 1961) has a northern and partly eastern dist-
ribution in Finland (Nysom, 1960 map 5).

In the animal communities of the subarctic lakes caddis-flies are not of great importance
outside ‘a narrow littoral zone. Most of the species found in lakes are eruciform vegetarians
except Polycentropus flavomaculatus which is a carnivore. In the lotic habitats of the area
especially, the campodeidform larvae of caddis-flies and swarming imagos play an important
role as food organisms for fish. In the stomachs of grayling caught in the River Vetsikko-
joki chitin parts of larvae and wings of adult caddis-flies were frequently found.

Odonata

The nymphs of dragon-flies were not found in the two lakes but they were common
in small dystrophic tarns at every altitude in Utsjoki.

Of the three species found, the most common was Aeschna juncea L. which lived in
both the silvatic and alpine regions. ANper (1951) mentions the species from the Abisko
area in N. Sweden, but it was absent from the arctic Virihaure area, possibly on account of
the lack of dystrophic waters. The length of the nymphs collected in July 1963 in the
Kevo area ranged from 14 to 44 mm; the smallest specimens being found in the alpine
region. According to VALLE (1952) the distribution of this species like that of the other two
covers the whole of Finland, but all three are most common in the North.

Aeschna coerulea Strom was found in subalpine and alpine waters in the area. ANDER
(1951) states it to have a boreoalpine distribution in Europe.

Somatochlora arctica Zett. One nymph was found in a silvatic tarn on the slope of
the Jesnalvaara fjeld. ANDER records it from the arctic Virihaure area.

Hemiptera

The group is absent from the lakes studied, but hemipteran nymphs are locally very
numerous in small bodies of water in Utsjoki. Especially, nymphs belonging to the genera
of Gerris and Corixa were frequently found in small alpine tarns.

The most eurytopic species in the Kevo area is Gerris asper Fieb. which was observed
at every altitude. Some specimens were found in slow-running water in the Kevojoki too.
Gerris lacustris L. and G. odontogaster Zett. were observed only in the silvatic tarns in
Utsjoki.

Although the nymphs of Corixa were common in small alpine tarns in July 1963, adult
specimens were collected only in the silvatic region. They belonged to Corixa carinata C.
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Sahlb. This species like the other hemipteran species mentioned above has been found in
Petsamo (Livpeers, 1931) and in Enontekié Lapland (Linpserc, 1927).

Coleoptera

In the bottom samples taken in the vegetation zone of Kevojirvi some adult specimens
belonging to Haliplus fulvus Fabr. and some Agabus larvae were found. The average density
of water beetles in the depth zone 0—1 m of the lake was 24.8 ind/m®. The species mentio-
ned above together with Deronectes multilineatus are the only coleopterans found in Kevo-
jarvi, In the small bodies of water especially in dystrophic tarns in Utsjoki the coleopteran
fauna was rich in species (Table 13.).

Table 13. The distribution of water beetles in the waters studied.
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The above list is not complete because not all the coleopteran material collected was
identified. The most eurytopic species in the study area are Haliplus fulvus and Rhantus
suturellus; wide spread are also Dytiscus lapponicus and Agabus congener. The species
belonging to the genera Hydroporus and Ilybjus were chiefly observed in waters with a
high humus content. All the species listed above were found in the waters of the Petsamo
area too (LinDBErc, 1933).

Diptera

Empididae. One adult specimen belonging to this family was caught at a depth of
7 m in Kilpisjirvi. GriMAs (1961) mentions the group from the littoral zone of the lakes
of Jimtland (Blasjén and Ankarvattnet).

Tipulidae. Some larvae were found in the littoral of both lakes studied. The greatest
depth at which they were recorded in Kilpisjarvi was 6 m. Most of the larvae collected
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belong to the genus Tipula. Larvae of this genus were numerous in some silvatic tarns in
Utsjoki too. Moreover some larvae of the genera Dixa and Dicranota were found in the
River Raessijoki and in some alpine tarns in Utsjoki. A larva of a Pedicia species was
observed in the littoral zone of Kilpisjirvi.

Tabanidae. Some larvae were collected at a depth of 8 m in Kilpisjarvi.

Simuliidae. Larvae of gnats were not found in the two lakes but they were very nu-
merous in some stony streams and brooks at widely varying altitudes in Utsjoki, especially
in the silvatic region. MULLER (1954) mentions the group as being rheophilous and favour-
ing swiftly running water in small forest rivers in N. Sweden. NieLsen (1950) states that
some species of the genus Simulium are adapted to small temperate rapids while others
can live among the aquatic vegetation in streams. An important limiting factor for the
existence of the larvae is a low oxygen tension.

Chaoboridae. Some larvae belonging to the species Chaoborus crystallinus were found
in small silvatic tarns in Utsjoki.

Chironomidae. Together with oligochaetes, midge larvae predominate among the soft
bottom fauna of both lakes. Numerically, they constitute 55.3 % of the whole bottom fauna
in Kilpisjdrvi and 27.8 % in Kevojirvi. In the subarctic lakes of N. Sweden the percentages
of midge larvae are as follows: Ankarvattnet 32.2 % ; Blasjon 31.9 % (before the regulation
of the water level) and 54.1 % (during the regulation of the water level), Jormsjon 29.7 %,
Kvarnbergsvattnet 36.1 % and Semnigsjén 35.3 % (Grimis, 1961). The percentage for
Kilpisjarvi is very high compared with that of the other lakes.

The average density of midge larvae in Kilpisjarvi is 655.6 ind/m® and the biomass
0.51 g/m’ In Kevojirvi the figures are 116.6 ind/m*® and 0.35 g/m’, respectively. Com-
pared with some lakes in S. Finland (VaLLe, 1927 and JArnereLt, 1921), the subarctic
waters show a high density of midge larvae. This may be due to the dominance of small
Orthocladiinae larvae in the subarctic waters and to the fact that a smaller mesh size was
used here (0.6 mm) than that (1.0 mm) used by VarLLe (cf. Jonasson, 19535).

The greatest absolute densities of the different groups of midge larvae in the lakes
studied are as follows:

Kilpisjarvi Kevojirvi
depth m ind/m’ depth m ind/m®
Tanypodinae 5.5 806 1.0 155
Orthocladiinae 7.0 2790 0.5 186
Chironomini 5.0 620 0.5 465
Tanytarsini 1.0 961 1.0, 8.0 93

N

In Kilpisjirvi, larvae of all the groups mentioned above occurred below a depth of
32 m, while in Kevojérvi only the larvae of Sergentia coracina Zett. (Chironomini) were
found below a depth of 30 m.

The bathygraphic distribution of the midge larvae in Kevojiarvi (Fig. 10) is like that
found in the lakes of the Petsamo area (JArNereLT, 1934). Especially in the lakes in the
area of acid Precambrian bedrock (Lakes Pazzjaur and Kiddjaur) the density of Chiro-
nomidae is low. In some of these lakes strong dystrophy and siderotrophy have been observed
(JArnEFELT, 1934) which have a limiting effect on the bottom fauna. The greatest densities
of midge larvae in the Petsamo area were found in Lake Laukketjaur, lying on amphibolite
bedrock. In June the density ranged from 324 to 1804 ind/m® at depths of 2.4—6.0 m
and from 278 to 555 ind/m® at depths of 10—12 m. The groups dominating in the lake
were Monotanytarsus and Paratanytarsus in the littoral zone, and Stictochironomus at a
depth of 10 m.
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The Chironomidae fauna of Kilpisjirvi is more like the fauna in Scandinavian mountain
lakes than the fauna of lowland lakes in the Petsamo area. The great affinity of Kilpis-
jarvi to the mountain lakes is seen in the dominance of Orthocladiinae and in the small
number of species and specimens belonging to the group Chironomini. When the midge
fauna of Kevojirvi and Kilpisjirvi are compared, a trend similar to that observed by
Brunpin (1949) in the Lakes of Jimtland, is revealed; the percentage of the group Ortho-
cladiinae increases with increasing altitude.

The percentages of the midge larvae of different groups in the two lakes are as follows:

Kevojirvi Kilpisjarvi
Tanypodinae 15.8 12.1
Orthocladiinae 20.6 68.1
Chironomini 51.8 5.8
Tanytarsini 11.8 14.0
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Table 14. The density and bathygraphic distribution of midge larvae in some
oligotrophic lakes,
Lakes in Petsamo:

Depth m. L. Kilpisj. L. Kevoj. L. Piijanne Pazzjaur Kiddjaur
1964 1962 VALOVIRTA JARNEFELT
1959 1934
0—1 — 212.8 — — 40—231
1—2 1409 126 2216 92—323
2—3 1643 124 595 92—462
3—4 465 161.7 539
4—5 666.5 43.4 ca. 232 46—555
5- -7.5 1753 133.9 297 46 46—139
7.5—10 1365 72.1 ca. 140 46
10—15 1023.4 108.5 ca. 252 46 74231
15—20 508.4 —_ ca. 229 0
20-~25 160.5 55.8 547 )
25--30 100.6 —_
30—35 85.2 31.0 63
35-—40 108.5
40-—45 61.9 91
over 45 0—98

Owing to taxonomical difficulties, only the group can be mentioned in many cases.

Tanypodinae. The larvae were almost equally distributed between the two lakes. They
seem to have a wide distribution in the subarctic area, although the densities are low
compared with those of other midge groups. According to THIENEMANN (1954), the larvae
are carnivores and their food includes larvae of Anopheles, Orthocladiinae and Tanytarsus.
In the littoral of the lakes they can feed on zooplankton.

Ablabesmyia monilis L. was found in Kevojirvi in the vegetation zone down to a depth
of 3.5 m, but in Kilpisjarvi its bathymetric distribution is wider and it was found on silt
and clay bottoms as well. The maximum density of the species was 156 ind/m?® in both
lakes. It was also found in alpine tarns and in slow-running waters in Utsjoki. According
to Brunpin (1949), the species is very eurytopic and has a cosmopolitan distribution.

Ablabesmyia costalis group. Some larvae were found at a depth of 0.5 m in Kevojarvi
and down to 11 m in Kilpisjirvi. The maximum density was 124 ind/m® at a depth of
5.5 m in the latter lake. JirnereLT (1934) found them living in the lakes of Petsamo, and
THiENEMANN reported them from some dystrophic lakes in Ireland.

Ablabesmyia spp. Larvae belonging to other groups than those mentioned above were
seldom found. In Kilpisjirvi some Ablabesmyia larvae were observed down to a. depth of
16 m; their maximum density being 124 ind/m’.

Anaiopynia sp. (= Macropelopia sp). was found in Kilpisjirvi at depths of 4—16 m.
The maximum density was 186 ind/m’. In Kevojirvi only one specimen was observed in
the Nitella zone at a depth of 4.5 m. Brunpin (1949) mentiones three Macropelopia species
from N. Sweden. The most common of them is M. nebulosa Meig. JARNEFELT found
Macropelopia larvae in the littoral of many lakes in Petsamo.

Anatopynia trifascipennis (Zett.) was found in Kevojirvi on silt bottom at a depth of
3.5 m. According to THIENEMANN (1954), the larvae of this species live on soft bottoms in
both lenitic and lotic habitats, BRunpix (1949) states that they are frequently found in the
subarctic waters of Jimtland. In Finland he found the species in Lake Puruvesi (E. Finland)
where it was numerous.
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Psilotanypus sp. Two larvae were observed in the profundal zone of Kilpisjarvi. Their
features agree well with Koreneva’s description of the larvae of the genus Psilotanypus
(Koreneva, 1957 in Brvce, 1960 p. 53).

Procladius spp. The members of this genus were frequently found in the lenitic waters
studied. They were more common in Kilpisjirvi than in Kevojirvi. The maximum density
in the former lake was 682 ind/m* and the larvae occurred down to a depth of 5.5 m.
Brunpiv (1949) lists about 10 Procladius species from N. Sweden. The most common of
them are P. barbatus Brund. and P signatus Zett.

Orthocladiinge. As mentioned above, the larvae of this subfamily dominated in ultra-
oligotrophic Kilpisjarvi (Fig. 10). The larvae of the genera Monodiamesa, Heterotrisso-
cladius and Trissocladius were the most numerous midge larvae in the lake. In view of the
large numbers of these larvae the lake can be grouped with lakes of the Heterotris-
socladius subpilosus type (cf. Brunpiv, 1958).

Monodiamesa sp. The larvae of this genus were common in Kilpisjirvi especially in the
profundal zone. According to Brunpin (1949), the species M. ekmani Brund. is typical of
the ultraoligotrophic lakes in N. Sweden. M. bathyphila Pag. may also occur in the
subarctic lakes of Finnish Lapland, since it has been found in N. Sweden (Grmis, 1961).

Chironominae: Chironomini. The larvae of the tribe Chironomini dominated at every
depth in Kevojirvi (Fig. 10). Especially the species Sergentia coracina Zett. was common
in the profundal zone of the lake.

Chironomus anthracinus Zett. was found in the vegetation zone of Kevojirvi and some
tarns in Utsjoki. The maximum density in the lake occurred at a depth of 0.5 m (495
ind/m®). The mean length of the larvae collected in July was 13 mm. Brunpin (1949)
mentions the species as being very eurytopic and having a circumpolar distribution. In
eutrophic lakes in S. Sweden it inhabits the profundal zone, but in subarctic lakes it seems
to be littoral. It is said by BrunpIN to avoid waters with a high humus content.

Chironomus dorsalis Meig. One larva which, according to the description by Bryce
(1960 p. 41), belongs to this species was found in the littoral zone of Kevojirvi. Brunpin
reports it from N. Sweden.

Chironomus hyperboreus Staeg. Two larvae belonging to this species (cf. ANDERSEN-
S6caarD, 1937) were found at a depth of 0.5 m in Kevojirvi. TuieNemany (1954) men-
tions the species in some lakes of Abisko Lapland (N. Sweden). It is also known in Spits-
bergen, around Hudson Bay and in Greenland (Brunpin, 1949) where it lives in arctic or
subarctic tarns and lakes.

Cryptochironomus camptolabis group. Larvae probably belonging to this group (cf.
Bryce, 1960) were observed in Kilpisjarvi at depths of 6—45 m. The maximum density
occurred at a depth of 16 m on clay bottom (93 ind/m?).

Cryptochironomus defectus group. One larva was observed in the Isoétes zone of Kevo-
jérvi. According to BrunpiN (1949), several species belonging to this group have been
collected in the lakes of N. Sweden. The most common of them are C. supplicans Meig.
and Demicryptochironomus vulneratus Zett.

Glyptotendipes sp. was collected in the littoral zone of Kilpisjarvi. JARNEFELT (1934)
reports it from Lakes Poarjaur and Pazzjaur in Petsamo. Brunpin (1949) mentions three
Glyptotendipes species which are found in the lakes of Jimtland. The most widely distributed
of them are G. pallens Meig. and G. gripenkoveni Kieff.

Lenzia sp. There is one record of larvae of this genus in the littoral zone of each of
the lakes studied. BrunpiN (1949) mentions L. punctipes Wied. as being widely distributed
in the subarctic waters of Fennoscandia.
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Microtendipes sp. In Kevojérvi the larvae occurred at depths of 2.5—15.0 m. The
maximum density was 62 ind/m?.

Paratendipes sp. There are several finds of the larvae of this genus in the littoral zone
of Kevojirvi at depths 0—6 m. Jirnerert (1934) found them in Lake Laukketjaur in
Petsamo. According to Brunpin (1949), especially P. albimanus Meig. is common in the
littoral area of some lakes in Jimtland.

Polypedilum sp. In Kevojirvi larvae were observed at a depth of 6 m and in Kilpis-
jarvi at 7 m. The maximum densities were 248 and 217 ind/m? respectively, The most
common species in the lakes of Jimtland is P. pullum Zett. (Brunpiv, 1949).

Sergentia coracina Zett. As mentioned above, the larvae of this species were found
at every depth in Kevojirvi. The maximum desity was 372 ind/m® at a depth of 3 m. In
the deepest basin (30—35.5 m) of the lake the species was the only bottom-living animal
to be found. In Kilpisjirvi it was found down to a depth of 13 m. According to BrunpIN
(1949), the species is cold stenothermal and has a northern distribution. He reports that’
is is restricted to the littoral in subarctic lakes, but is only found in deep water in more
southern lakes.

Stictochironomus rosenscholdi (Zett.) Edw. is rather common in the littoral and upper
profundal zone in Kevojarvi down to a depth of 10 m. The maximum density of the larvae
was found in Nitella vegetation, In Kilpisjirvi only two larvae were observed. Like Sergen-
tia coracina the species is a cold stenothermal, steno-oxybiontic species and has a northern
distribution (Bruwnpin, 1949).

Tanytarsini: Larvae of Tanytarsus inermipes group were numerous in Kilpisjirvi at
depths of 1.5—25.5 m, The maximum density (775 ind/m?) was observed at a depth of
6 m. In Kevojirvi these larvae were found only in the upper littoral zone. A common
species in Kevojirvi was Micropsectra groenlandica Aners. (cf. ANDERSEN—SGGAARD, 1937).
According to BrunpiN (1949), it is wide spread in the arctic and subarctic lakes of N.
Sweden.

Larvae of Tanytarsus'gregarius group were wide spread in all the waters studied. The
maximum density in Kilpisjirvi (806 ind/m?) was observed at a depth of 9 m. In Kevo-
jarvi the larvae occurred down to 24 m. According to JARNEFELT 1934), these larvae were
collected in most of the lakes studied in Petsamo.

Larvae of Tanytarsus lauterborni group were found in Kevojarvi at a depth of 0.5—1.0
m. The maximum density in Kilpisjarvi occurred at a depth of 11 m.

Lundstroemia praecox Meig. Five larvae, whose features fit Brvce’s (1960) description
of Lundstroemia praecox were collected at depths of 6 and 13 m in Kilpisjarvi. BRUNDIN
(1949) mentions the group Microspectra sp. praecox ? in some lakes of Jimtland,

Hydracarina

In Kilpisjirvi water-mites were observed at every depth, the maximum density being
279 ind/m® at a depth of 2.5 m. In Kevojirvi they were found only in the littoral zone.
In the lakes of Petsamo, water-mites have often been found in plankton samples (JARNEFELT,
1934). In the bottom fauna of the lakes of Petsamo their density ranged from 46 to 184
ind/m’ in the littoral zone. GriMis (1961) mentions water-mites as living at every depth
in the lakes of Jimtland, but most of the species were restricted to the littoral. In Lake
Blasjon, which was regulated they were common and seemed to be favoured by the regula-
tion of the water-level. According to Brunpin (1949), water-mites are common on open
bottoms in the profundal or sublittoral zones of the lakes of S. Sweden. The maximum den-
sity of Hydracarina in these lakes was observed in the summer.
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The most numerous species in Kilpisjairvi was Neobrachypoda ekmani Walt., which
occurred at every depth. Its maximum density was found at a depth of 2.5 m (217 ind/m").
According to GriMAs (1961), the species constituted 5 % of the whole Hydracarina ma-
terial collected in Blasjon, where it lived at depths of 6—140 m.

Lebertia spp. were collected twice in the littoral zone of Kevojirvi. In Kilpisjarvi they
were common down to a depth of 32 m. The maximum density there occurred at a depth of
2.5 m (217 ind/m®). Grimis mentions them as living at depths of 2—60 m in the lakes of
Jamtland.

An Atractides species was found in Kilpisjarvi at a depth of 13 m.

Frontipoda setosa f. ekmani Thor. In Kilpisjarvi the species was found down to a depth
of 18 m, the maximum density occurring at 2.5 m (124 ind/m®). The species is common in
the lakes of N. Sweden (Lunpsrap, 1962), and constitutes 27 % of the whole Hydracarina
fauna in Blasjén (Grimis, 1961).

Hygrobates longipalpis (Herm.) In Kevojirvi the species was found in the upper
littoral zone and in Kilpisjirvi to a depth of 13 m. GrimMAs (1961) records H. foreli Leb.
from the lakes of Jiamtland.

Megapus sp. One specimen was observed at a depth of 14 m in Kilpisjarvi.

Not all the Hydracarina material collected was identified. The larvae of water-mites
were found on several invertebrates including water beetles and Trichopteran larvae.

Bryozoa

Communities of moss animals were found in Kilpisjarvi at depths of 6—30.5 m. Most
of them, however, were dead. Their maximum density (93 ind/m®) was observed at a depth
of 16 m. In the lakes of Jimtland densities of over 200 ind/m* were recorded at 8—10 m
(GriMis. 1961).

The most numerous species in Kilpisjarvi was Fredericella sultana (Blumenbach). Ac-
cording to Bore (1941), it is the most common Bryozoa species in oligotrophic and
dystrophic lakes in Sweden. EkMan (1915) mentions it as occurring down to a depth of
50 m in Lake Vittern in Sweden. In Kilpisjirvi the greatest depth at which it was recorded
was 30.5 m.

Paludicella articulata (Ehrenberg) was found in Kilpisjarvi at a depth of 16 m. Bore
(1941) states that it lives under stones and on aquatic plants in both lotic and lenitic habi-
tats throughout the whole of Sweden. It can even be found in swiftly running brooks among
Fontinalis carpets.

Sphaeridae

The maximum density of pea-mussels per depth zone in Kevojirvi was 236 ind/m’
in the 0—1 m zone, and the average density in the whole lake was 72 ind/m’ In Kilpis-
jarvi corresponding numbers were 387.5 ind/m’ at a depth of 2—3 m and 36.3 ind/m’
The maximum depth at which they were found was 10 m in Kevojirvi and 40 m in Kilpis-
jarvi. The dominant species in the latter lake was Pisidium conventus Cless.
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T'able 15. The average density and dominance of pea-mussels in the bottom fauna
of some Fennoscandian lakes:

Depth zone Ind/m* Percentage
of the whole
fauna

Varre (1927): Lakes north of L. Ladoga
Eutrophic lakes profundal 0—12 0—4.5
Mesotrophic lakes <« 21.7—186.7 66—94.9
Oligotrophic lakes <« 0—12 0—85.7
Varovirta (1959): Lake Piijinne

littoral 1147

profundal 4—6
JARNEFELT (1934): Lakes of the Petsamo area
Laukketjaur littoral 9.2—10.6

profundal 0—34.5
Pazzjaur littoral 36.8

profundal 0
Haukilampi littoral 379.2—1119.4
Kiddjaur littoral 9.2—83.2

profundal 0
Treffonjaur littoral —

profundal 9.2—61.3
GrimAs (1961): Lakes of Jamtland

ind/m* %

L. Blasjén the whole lake 185 6.04
L. Ankarvattnet < 298 5.51
This investigation:
L. Kevojirvi the whole lake 72 13.3
L. Kilpisjarvi < 36.3 3.6

The greatest densities of pea-mussels in the lakes listed above were found in Lake
Haukilampi, which according to JARNEFELT has some mesotrophic features. In the lakes
studied by VarLLe (1927) the densities were also greatest in meso- or polyhumic mesotrophic
lakes. The great percentage of pea-mussels in the whole bottom fauna of Kevojiarvi thus
indicates a slight mesotrophy. The average standing crop was, however, small (0.19 g/m?).

Altogether 6 Pisidium species were found in Kevojirvi and the adjacent waters, In
subalpine Kilpisjarvi only 3 species were recorded. The distribution of Sphaeridae in the
waters studied is seen in Table 16. The specimens were identified by Lic. L. Koli.
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Table 16. The distribution of Sphaeridae in the waters studied.

Utsjoki
L.Kevo- L. XKilpis- river alpine silvatic rivers
jarvi Jarvi pools brooks tarns
Pisidium nitidum — — + — . —
P. subtruncatum + — + — + —
P. lilljeborgi + + + + + —
P. casertanum + + + — _— —
P. obtusale + — — — + +
P. conventus — + — —_ — —
P. milium + — — — —_ —_—

According to the table, Pisidium lilljeborgi Cless. is the most eurytopic species in the
study area. Its maximum density was found in Kevojirvi at a depth of 1—2 m (92.4 ind/
m?). The greatest depth at which the species was recorded was 14 m in Kilpisjarvi. Pisi-
dium conventus Cless. was found in every depth zone in Kilpisjirvi. According to Opuner
(1951), it is a cold stenothermal species with an arctic-alpine distribution. In S. Finland and
S. Sweden it is often found in the profundal of deep lakes, but in subarctic lakes it seems to
be eurybathic in its distributien (Brunpiv, 1956, Grimis, 1961),

Pisidium obtusale v. lapponica Cless. has a northern distribution too, although the
species P. obtusale Pfeiff. occurs throughout the whole of Sweden (Opuner 1951).

The migration history of pea-mussels in northern Finland has been discussed by Vasar
et al. (1963) and by Samr (1963). According to them, remains of the species Pisidium
lilljeborgi have been found in calcareous deposits of the Boreal period in Kuusamo and
Kittild.

Gastropoda

The group was well represented in the bottom fauna of Kevojirvi especially in the
vegetation zone, The maximum density of snails was 142.6 ind/m*® at a depth of 0—1 m. In
Kilpisjrvi the density of 46.5 ind/m* was recorded at a depth of 2—3 m.

Grimis (1961) states that the group is abundant in the littoral zone of the lakes of
Jamtland, but in Blisjén a remarkable decrease in the snail population was found after
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the beginning of the regulation of the water-level. In the lakes of Petsamo the densities of
the snails were as small as in Kilpisjirvi (JARnNereLT, 1934).

.- Lymnaea peregra Miill (= L. limosa (L.)) was found in both lakes. In Kevojirvi the
maximum density (93.5 ind/m*) occurred at a depth of 0.5 m. The greatest depth at which
it was collected in this lake was 6.0 m. In Kilpisjirvi one specimen was found at a depth of
18 m. Kour (1955) mentions that a juvenile specimen was found in the lake at a depth
of 21 m. In the small bodies of water adjacent to Kevojirvi the species was absent
although it was often found in slow-running waters in Utsjoki. The species is an important
food organism for the fish of the area. It was frequently found in the stomachs of grayling
in the River Vetsikkojoki. Three juvenile specimens were found in the alimentary canal of a
Salvelinus alpinus, caught near Kilpisjarvi. Brinck and WingsTrRAND (1951) also found the
species in the stomachs of the same fish species in the arctic Virihaure area. According to
Opuner (1951), L. peregra is one of the most common aquatic gastropods in Scandinavia.
Husenpick (1947) considers it to be a eurytopic littoral species, which is absent from run-
ning waters. He mentions that it lives in both hard and soft waters with a CaO range of
from 10 to 20 mg/] and a pH range of from 5.8 to 9.3 (Zuapix in Husenpick, 1951.).
ALsTERBERG (1930) mentions that the low oxygen tension of the water near the bottom
limits the bathymetric distribution of the species. Adult specimens can, however, obtain all
the oxygen they need from the water, provided the temperature does not exceed + 12°C.

Lymnaea stagnalis (L.) Two specimens were found in the littoral zone of Kevojirvi.

Gyraulus acronicus (Férussac) The maximum density of the species was found among
Carex vegetation in Kevojirvi, where 434 ind/m® were counted. The greatest depths at
which it was collected were 4.5 m in Kevojirvi and 7.0 m in Kilpisjirvi. Apart from the
lakes, the species was found in some silvatic tarns in the vicinity of Kevojirvi. Both keeled
and unkeeled specimens were collected in the lakes. The diameter of 50 specimens collected
in July 1962 varied from 3.1 to 7.0 mm, the average value being 4.7 mm. The smallest
specimens inhabited the upper littoral. Opuner (1951) gives the maximum breadth of
the specimens found in N. Sweden as 5.8 mm. According to him, ecological factors, such
as temperature, amount of food, and exposed position of the habitats, cause a great varia-
tion in the body form of the species. The species has a northern distribution area in
Fennoscandia (Husenpick, 1947). In Finland it has been found sporadically throughout
the whole country. Korr (1955) states it to be the second commonest aquatic gastropod
in Finnish Lapland. It favours cold and oligohumic waters with a pH ranging from 6.8 to
9.3 and a CaO content of from 25 to 30 mg/1 (Husenpick, 1951).

Valvata piscinalis (Miiller) The species was found only in Kevojirvi and in the mouth
of the River Kevojoki. Only two specimens were obtained from the bottom samples at a
depth of 0.5 m. According to Husenpick (1951), the species is found throughout the whole
of Fennoscandia, apart from Norway where it occurs only in the vicinity of Oslo. Jirne-
FeLT (1934) mentions Valvata borealis in some lakes of the Petsamo area. It seems possible
that this is actually V. piscinalis. Husenpick gives the pH range of the waters where the
species lives in S. Sweden as 7.2—8.3 and the CaO content as about 20 mg/l. According
to Levanto (1940), the optimum depth of the species in Lake Vesijirvi (south of Lake
Piijinne) ranges from 1.5 to 3.0 m, and it seems to favour habitats rich in organic debris.

Some notes on the migration history of aquatic gastropods may be found in the paper
of Sarmr (1963). He discovered remains of Gyraulus acronicus and Lymnaea peregra in cal-
careous deposits of the pre-Boreal and Boreal periods in Kittild. L. peregra was also found
in the similar deposits in Kuusamo (Vasarr et al., 1963).
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VI. THE INFLUENCE OF SOME ECOLOGICAL FACTORS ON THE
FAUNA OF THE SUBARCTIC WATERS

In the preceding chapters the qualitative and quantitative distribution of
the aquatic fauna was discussed but only a few scattered references were made
to the ecological background.

In the quantity and distribution of the species we can see a clear difference
between the faunae of the two lakes. In most animal groups the number of spe-
cies is noticeably lower in alpine waters than in water-bodies of the silvatic region.
The ecological demands of most subarctic and boreal species are unknown, but
some correlations may be seen in the following chapters.

According to Opum (1959) the limiting factors of special importance in fresh
water are the following: temperature, light, transparency, current, concentration
of respiratory gases and concentration of biogenic salts. The last-mentioned
factor is of great importance for the production of phytoplankton and the growth
of aquatic plants, and thus indirectly for the organisms which consume them.
It must be stated here that the quality as well as quantity of the food produced
is important to different organisms. The following chapters will contain some
remarks on the synecological and historical factors affecting the distribution of
the fauna.

1. Light and temperature

No exact measurements of the light in the different depth zones of the lakes
studied are available. TaHoMassoN (1965) has contributed a theoretical discus-
sion on the distribution of solar radiation in arctic and subalpine lakes. According
to him the amofigt of energy lost through reflection is about 4 % of the total
energy received at noon in June and July at the latitude of Utsjoki, but at other
times the losses are greater. As regards the longer period of daylight in the north
in summer, it should be remebered that lakes lying in deep valleys do not receive
radiation energy throughout the whole of the day. As the sun approaches the
horizon its rays are cut of from such lakes by the surrounding hills. Thus the
rhythm of illumination in these lakes in N. Finland may not deviate much from
that found in lakes in the south of the country. During the winter the subarctic
lakes are covered by ice and snow, which effectively prevent the penetration of
light. In large deep lakes like Kilpisjdrvi the ice breaks up around June 15—20
when the radiation energy is at its maximum. During the short summer they
have not time to warm up much above 10°C.

The absorption of radiation energy by humus colloids is well known. It is
for this reason that the Secchi-disc values of polyhumic waters are small, and
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such lakes warm up quickly during the summer. The waters of the subarctic re-
gion are usually clear with a small humus content, and the penetration of light
in them is good. Measurements made with a Secchi-disc, however, show a great
_ variation even in the waters of Fjeld Lapland.

According to JARNEFELT (1956), the Secchi-disc values of Kilpisjérvi vary
from 9.35 to 9.85 m during the summer while those of Lake Inarinjérvi vary
from 4.1 to 4.8 m. In the lakes of Petsamo values ranging from 5.0 to 8.0 m have
been recorded (JArnererT, 1934). The Secchi-disc values of Kevojirvi in 1962
varied from 4.2 to 4.8 m, being highest in June. In some alpine tarns in Utsjoki
low values of about 1.5 m were observed after heavy rainfall in August, 1963.
In general the Secchi-disc values seem to be greater in lakes with a small drainage
area.

The primary production of lakes depends to a large extent on the transpa-
rency of their water. The thickness of the euphotic zone can be calculated from
the Secchi-disc values by multiplying them by 5 (VerpuIN, 1956). Rawson (1950)
proposes a coefficient of 4.3 when the Secchi-disc value is 1 m, and states that
the coefficient decreases with increasing transparency. In view of the high
Secchi-disc values in the subarctic waters studied, we can calculate the thickness
of the euphotic zone to be ca 30—40 m in Kilpisjirvi and ca 20 m in Lakes
Kevojarvi and Inarinjarvi.

The primary production in subarctic waters is, however, limited by the short
vegetative period, the small amount of biogenic salts, and the low temperature
even during the summer. During the winter the production of autotrophic
organisms is inhibited by darkness. It has, however, been supposed that in win-
ter some organic matter is produced in subarctic waters by p-ulgae which can
use energy liberated from organic substances (Ropme, 1955). The amount of
these algae can be very great (1—10 millions of cells/1) and large quantities
of organic matter can be produced heterotrophically.

Some remarks concerning the thermal economy of the subarctic waters have
been made above. Besides the general climatic and geographical factors, the
morphometry of the lakes is important in this respect. Lakes with a large volume
of water react more slowly to varying temperatures than small water-bodies.
In small tarns remarkable variations in temperature can be seen even during
the course of one day.

The daily variation in the temperature of the surface water of Kevojirvi is
seen in Fig. 12, which is made according to measurement by Miss E. Kick in
1962. The surface temparature of the lake was above 10°C from June 21 to
August 27, the maximum value (14°C) occurring in the beginning of July. The
surface temperatures of Kevojirvi and some surrounding waters in July 1963
are seen in Table 2. The highest values were observed in the silvatic tarns (15.7
—17.2°C) and the lowest in some alpine tarns and brooks (10.2—11.0°C). No
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Fig. 12. The fluctuations of water-level, air temperature and the temperature of surface
water in Kevojirvi in summer 1962,

thermic stratification was observed when these small waters were studied, though
a clear thermocline was noted in summer in the lakes. In 1952 thermical strati-
fication began on June 20 in Kilpisjirvi, but could not longer be observed on
August 26 (JARNEFELT, 1956).

The bathygraphic distribution of temperature in the two lakes is seen in
Figs. 13—15.

On the whole we can assume temperature to be one of the most important
ecological factors in subarctic waters because its influence affects the whole
ecosystem. Temperature is also an important autecological factor in the waters
studied, especially in small tarns and in the littoral zone of the lakes where the
maximum fluctuations are observed. Temperature conditions in the profundal
of subarctic lakes do not deviate much of those found in the lakes of S. Finland.
In winter the temperature of the water near the bottom of Kilpisjirvi does not
exceed 3°C (Fig. 15).

The fact that the biomasses of the subarctic lakes of this study do not deviate
much from those found in the lakes of S. Finland is due to the great number
of cold stenothermal species which are well adapted to living in subarctic lakes.
Among such species in Kilpisjarvi are Otomesostoma auditivum and several
other flatworms (Lutner, 1960—62), Heterotrissocladius spp., Monodiamesa
spp., Stylodrilus heringianus, Pisidium conventus and Neobrachypoda ekmani.
In the littoral zone of the lakes cold stenothermal species such as Baétis macani,
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Nemoura sahlbergi, Diura bicaudata, Arcynopteryx compacta, Pisidium con-
ventus, Salvelinus alpinus etc. are frequently found.

There are few cold stenothermal species in the profundal of Kevojirvi, but
they are frequentely observed in the littoral zone of the lake. The most common
of them are Sergentia coracina, Stictochironomus rosenschéldi, Micropsectra
groenlandica, Gammarus lacustris, Stylodrilus heringianus, Molannodes tincta,
Molanna albicans and some mayfly and stonefly species.

The percentage of cold stenothermal species is greater in the bottom fauna
of Kilpisjarvi than that of Kevojirvi.

Among species only found in the waters of the silvatic region in Utsjoki are
Spongilla lacustris, Stylaria lacustris, Ephemera vulgata, Chironomus anthracinus
and C. dorsalis, Helobdella stagnalis, Glossiphonia complanata and Perca flu-
viatilis.

The species Grammotaulius signatipennis, Baétis macani and Polyartemia
forcipata seem to be restricted to alpine and subalpine waters in Utsjoki.

The influence of the cool climate with its brief warm period is seen in the
reproduction and life cycles of many invertebrates in the subarctic waters. Many
species such as the leeches (Helobdella stagnalis and Glossiphonia complanata)
have only one generation per summer in subarctic waters, although they have
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two or more generations in more southern waters (cf. BorsEn-Bennike, 1943).
The flight period of many insects is very short in the subarctic area, and the
importance of the nymph or larva stages in their life cycle is still more
pronounced than in more southern waters. The growth of nymphs and larvae is
often retarded in the subarctic waters. For example the growth of the nymphs
of stoneflies is at its maximum here in the summer, while in more southern wa-
ters the speedest growth is observed in spring and autumn (Brinck, 1952). Owing
to their retarded growth and low fecundity, the species living at their northern
limit in subarctic waters may easily disappear from the community especially
during cool summers.

2. pH and humus content

The humus content of the waters studied is small compared with that of
Finnish lakes in general (Jirnerert, 1963). This is mainly due to small preci-
pitation, slow production of organic matter and the absence of large bogs in the
vicinity of the lakes, especially Kilpisjéarvi. The KMn0, consumpion of the waters
is usually below 20 mg/l (Table 2). Only in some tarns in Utsjoki were values
over 40 mg/1 observed after heavy rainfall in 1963. The influence of the humus
colloids on the transparency of the water has been discussed earlier in this
study.

The humus acids also influence the pH values. In small tarns the pH varied
from 5.95 to 7.1 and in Kevojirvi from 6.3 to 7.1. The lowest value in the lake
was measured at a depth of 35.5 m (Fig. 18). A slight increase was noted in the
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PH values of the surface water (from 6.7 to 7.1) during summer 1962.

The pH values of Kilpisjarvi ranged from 7.0 to 7.2 at every depth in 1952
and 1953 (JARNereLT, 1956). The highest values were measured in July and
August.

As it composes the great amount of allochthonous matter brought by rivers
to Kevojirvi causes, a decrease in the oxygen tension in the water near the
bottom of the lake, thus limiting the vertical distribution of the bottom fauna.
Besides the accumulation of allochthonous matter, which is rapid in the My-
riophyllum zone and in deep basins, a slight formation of iron-manganese nodules
was observed in the lake. The chironomid fauna in particular may suffer from
pathological features such as sidetotrophy and dystrophy, as has been observed
in the lakes of Petsamo (JArNEFELT, 1934).

In the dystrophic lakes of East Carelia and the Kola Peninsula oligochaetes
and pea-mussels dominate instead of the cold stenothermal midge larvae and
relict crustaceans found in oligohumic lakes (ZuapiN & Gerp, 1963).

In the profundal area of Kevojirvi only few cold stenothermal steno-
oxybiontic species were found.

In Kilpisjiarvi as in most of the shallow waters studied in Utsjoki, no limi-
tation of the fauna by humus matter and other allochthonous matter was ob-
served. In the most dystrophic waters in Utsjoki the groups Orthocladiinae,
Ephemeroptera (except the Leptophelebia species), Plecoptera (except Nemoura
cinerea) and large crustaceans were not found. The fauna consists of other chi-
ronomids and nymphs of Odonata, water beetles (especially of the Ilybius and
Hydroporus species) and cladocerans (Chydorus sphaericus and Scapholeberis
mucronata).

3. Oxygen

As is mentioned above, the decomposition of humus and other allochthonous
matter in the mud-water interface of Kevojirvi, with rather high BOD, is an
important ecological factor for the bottom-living animals of the lake (cf. BRUN-
pIN, 1951). Owing to low temperature and small organic content most of the
waters of the subarctic area show no severe depletion of oxygen. The amount of
oxygen available at three different depths in Kilpisjirvi during one year is seen
in Fig. 16. According to JARNEFELT (1956) the amount of 0, at a depth of 35 m
was 12.9 mg/l on November 11 1952 and 12 mg/l on May 13 1953. The
consumption of 0, during 7 months was thus about 1 mg/l if no change of water
had occurred. During the same time the temperature fell from 2.9 to 2.2°C.
The BOD at that depth would thus be about 8 % of the amount of 0, available in
November 1952.
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The vertical distribution of 0, in Kevojirvi in July and August 1962 is seen
in Fig. 17. No winter measurements are available from this lake but the BOD
of the water near the bottom is probably conciderably higher than in Kilpisjarvi.
A measurement in July 1963 at a depth of 35 m showed the saturation of oxygen
to be only 52.5 % in the deepest basin of the lake.

4. Currents

In all the lotic habitats studied the speed of the current did not exceed 0.5
m/sec. However, the values measured in July only show the situation at that
time; during the spring floods the speed increases greatly and the erosive effect
is stronger.

According to the existence of current, the habitats and their fauna can be
divided into two main groups: lotic and lenitic ones. One further group can be
distinguished among the fauna: indifferent species (which occur in both types of
habitat). Some of the latter species in Utsjoki are Siphlonurus lacustris, S. aestiva-
lis, Ameletus alpinus, Nemoura cinerea, Isoperla obscura, Molannodes tincta, Poly-
centropus flavomaculatus, Haliplus fulvus, Rhantus suturellus, Pisidium lillje-
borgi, P. subtruncatum and most fish species found in the area such as Phoxinus
aphya and Thymallus vulgaris.

Completely lotic (rheophilous) species in Utsjoki are Heptagenia dalecarlica,
Nemoura flexuosa, Diura dicaudata, Rhyacophila nubila, Plectrocnemia
conspersa and several other caddis-flies, while among such species in the Kilpis-
jarvi region are Ephydatia fluviatilis, Rhyacophila nubila, Arthroplea congener
and Metretopus borealis. Most of the species mentioned above belong to the
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lithorheophilic animal community, in which the larvae of Simulium dominate in
both areas. In gently running waters with rich vegetation a phytorheophilic
community is maintained (cf. Zrapin & Gerp, 1963). The species dominating
in the latter community in Utsjoki are Lumbriculus variegatus, Lymnaea pe-
regra, Valvata piscinalis, Siphlonurus aestivalis and Leptophlebia species.

The limit between lotic and lenitic habitats is not clearly defined because
many so-called rheophilous species live in the littoral zone of the lakes.

5. SBV and calctum

Determinations of the alcalinity were made according to WEeLch (1948) by
titrating the samples of 100 ml with n/50 H,SO; solution. The method gave
positive results only when methyl-orange was used as an indicator solution,
which shows that the carbonates in the waters existed as HCO;- ions.

Determinations made with the waters of Utsjoki in July 1963 showed that
the SBV values range from 0.04 to 0.14 and the CaO values from 1.12 to 3.92
mg/1 (Table 2). In Kilpisjarvi CaO values of 2.92—3.5 mg/l were measured in
the surface water (0—5 m) and 3.0—~3.4 mg/l at a depth of 35—40 m (JArNE-
FELT,, 1956).

The low CaO values show that the waters studied belong to «soft water group«
where the Ca content is below 7 mg/l (Mann, 1955). The small amount of
calcium in these waters is a common feature of Finnish waters (excluding
brackish water) and is a factor limiting the distribution of many crustaceans
and molluscs (Macan, 1963 pp. 246—253). A large volume of water can, ho-
wever, compensate for the scarcity of calcium in the case of many gastropods
(Macan, 1963). The ranges of calcium mentioned by Mann, Macan, and Hu-
BENDICK (1947) as necessary for many invertebrates in England and Scania
(Sweden), do not correspond to those prevailing in waters with Finnish popu-
lations of the same species and are usually higher.

It should be stated here that the Ca content of the sediments and food may
be of greater importance for the bottom-living animals than that of the water.

The absence of Dendrocoelum lacteum and Asellus aquaticus from the waters
studied may partly be due to soft water (cf. Macan). The former species is known
from the waters of Petsamo (JXrNEreLT, 1934) and is fairly common in the littoral
zones of the lakes of S. Finland (LutuEr, 1961). Asellus aquaticus is only found
in England in waters where the Ca content is above 5 mg/l (ReyNoLpsoN, 1961
in Macan) but in Finland it lives both in dystrophic waters and in the Baltic Sea.
The absence of the species from the subarctic waters may also be due to
its migration history or to low temperature; though the adults can tolerate
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widely varying temperatures the eggs fail to hatch in waters where the summer
temperature falls below 10—12°C (BmrsTeN, 1961).

The «calciphilous« species Heptagenia fuscogrisea (cf. Macan, 1963) was
only found in Kilpisjarvi, where the sediments may locally have a high Ca con-
tent (cf. JArRNEFELT, 1956).

On the other hand species such as Lymnaea stagnalis and Helobdella stag-
nalis which live only in hard waters in England (Macan), have been found in
soft waters in Utsjoki. For the Ca requirements of aquatic gastropods see p. 60.

6. Animal communities in different habitats

As mentioned above the number of species in most aquatic animal groups is
lower in smaller bodies of water than in lakes. In the littoral zone of Kevojarvi
ca 80 species were found. In the silvatic tarns the number of the species collec-
ted totals 38 and in the alpine tarns 41 (the groups Nematoda and Orthocladiinae
were disregarded). The ratio of the species in the lake to those in the tarns is
2:1. In the following table the differences in the numbers of species in some
animal groups are seen:

Kevojirvi  Silvatic tarns  Alpine tarns

Oligochaeta 5 1 2
Hirudinea 2 1 0
Ephemeroptera 5 3 3
Plecoptera 1 0 1
Coleoptera 3 11 14
Pisces 7 1 1

The numbers of beetles in small tarns are noticeably high compared with
the figure for the lake. A similar situation is reported by BRINCK & WINGSTRAND
(1949) in the Virihaure area, N. Sweden. Compared with the figures for the
Virihaure area and Kilpisjarvi the number of Plecoptera species is small in the
lenitic waters of Utsjoki. The fact that the numbers of species shown by the
tarns are lower than the figures for the lake may be due to the correspendingly
lower number of suitable ecological niches to be found in these somewhat un-
favourable habitats (cf. THIENEMANN, 1920 p. 10). Small bodies of water are
readily affected by environmental changes and their pH, temperature and water
volume varies even during the course of one day.

In the lakes environmental conditions are more stable and are optimal for
the majority of species.

Owing to the hardness of the substratum the soft bottom fauna is weakly
represented in the small tarns. Since fish are usually lacking, carnivore beetles
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and their larvae constitute the top level of the food chains in these tarns. The
algal ooze often found on their bottoms provides rich nourishment for detritus
and algal feeders such as Gammarus lacustris and the larvae of caddis-flies.
However, most of the tarns in this study had mineral bottoms and the lack of
food in them may be a limiting factor for the fauna.

Pejrer (1957) mentions that the number of Rotatoria specimens is lower in
small bodies of water than in lakes. Critical habitats for the group in the Abisko
area in N. Sweden are, according to him, small ground tarns, mountain tarns
lying on acid Precambrian bedrock and rapid brooks.

In Table 17, a comparison of the fauna of different habitats in Utsjoki was
made by calculating the number of species common to two habitats as a precen-
tage of the total number of species found in the two habitats. The heterogeneity
found in the affinity values is mainly due to the decrease in the number of
species with increasing altitude and to variations in the intensity of the investi-
gations. The affinity values between the fauna of Kilpisjirvi and adjacent waters
may be somewhat missleading, on account of the small number of samples taken
from the latter waters.

Table 17. Similarity between the species composition of the littoral fauna of
waters studied (percentage of affinity = (n—a)/n).

Ki Ks Ksa Kisa Ka Kni Ksu Ki Kp
Ke 38.5 23.0 8.7 19.8 17.3 22.2 24.1 16.8 8.0
Ki 15.3 4.9 27.7 16.5 15.8 23.9 15.9 14.5
Ks 20.0 16.4 38.8 8.0 16.4 11.1 7.3
Ksa 14.3 20.4 7.3 13.3 3.7 9.7
Kisa 16.2 25.5 10.0 27.6 23.8
Ka 13.8 20.7 14.7 21.7
Kni 40.5 42.2 23.5
Ksu 26.0 21.0
Kj 22.7

Compared with the fauna of the waters of the Virihaure area (Brinck &
WiNGsTRAND, 1949) the fauna of different aquatic habitats in Utsjoki show a
considerable heterogeneity. The highest affinity values are seen here between the
fauna of streams and river pools, on the one hand, and between the fauna of
streams and rivers, on the other; i.e. in waters where the current is a dominant
ecological factor. The faunal similarity between the littoral zones of the two lakes
is greater than that between the lakes and other bodies of water.

A great similarity in the composition of the ephemeropteran and plecopteran
fauna is seen between the littoral of Kilpisjirvi and adjacent waters, and between
alpine tarns and brooks in Utsjoki (Table 18).
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Table 18. Similarity of the ephemeropteran and plecopteran fauna of the waters
studied (affinity % = (n—a)/n).

Ki Ks Kisa Ka Kni Ksu Ki Kp
Ke 22.2 25.0 9.0 9.1 20.0 14.3 17.6 9.1
Ki 5.9 61.8 17.6 17.6 6.6 21.7 25.0
Ks 5.5 0 14.3 333 13.0 0
Kisa 21.4 13.3 8.3 31.6 308
Ka 11.1 0 12.5 42.8
Kni ) 20.0 20.0 0
Ksu 7.7 0
Kj 12.5
n = total number of species living in the two habitats
a = number of species not common to both habitats

Ke = L. Kevojirvi, Ki = L. Kilpisjirvi, Ks = silvatic tarns, Ksa — subalpine tarns in
the Kevo area, Kisa = subalpine tarns in the Kilpisjirvi area, Ka — alpine tarns (in the
Kevo area), Kni = streams, Ksu = river pools, Kj = rivers, Kp = alpine brooks

Table 19. Affinity coefficients (%) between the fauna of different depth zones
in L. Kevojirvi (calculated according to the quantity of species).

Zone (m) 1—2 2—3 3—4 4—5 5—10 10—20 20—35
0—1 41.5 49.0 40.0 49.2 33.3 26.6 14.6
1—2 36.2 36.4 58.8 27.0 40.9 25.5
2—3 46.4 50.5 18.6 44.3 26.2
3—4 41.7 15.3 22.0 371
4—5 35.5 44.9 31.0
5—10 19.0 14.3

10—20 14.3

The affinity values in Table 19 were calculated according to the formula of
RenkoNEN (1938). The great heterogeneity between the fauna of different depth
zones in Kevojarvi is mainly due to a decrease in the number of species with inc-
reasing depth. The deepest areas (20—35 m) have a fauna poor in species and
show a small affinity to other depth zones apart from 3—4 m zone (37.1 %).
The affinity to the latter zone may be due to similar bottom conditions; both
have black ooze and detritus bottoms.

VII. THE MIGRATION HISTORY OF THE AQUATIC FAUNA.

In the previous chapters the distribution and abundance of the fauna of the
subarctic waters studied were compared with those of the aquatic fauna in N.
Sweden (GrimAs, 1961 and BrunpiN, 1956) and with the Petsamo area (JARNE-~
FELT, 1934). Moreover comparisons were made with the fauna of other subarctic
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waters and of some oligotrophic lakes situated in S. Finland. The great similarity
between the species composition of the bottom fauna of Kilpisjirvi and the
mountain lakes of Scandinavia was discussed.

The fauna of Kevojirvi has a greater resemblance to the fauna of oligotrophic
lakes of S. Fennoscandia, the Soviet Union and Poland (cf. VALLE, 1927, ZaapIN
& Gerp, 1963 and Rzoska, 1937) than to the fauna of Kilpisjarvi. The difference
of the fauna of the two lakes may, however, be due more to ecological than to
historical factors.

The history of the spread of fresh water fauna to the subarctic area of Finnish
Lapland is almost unknown. A great part of this area lay outside the region
which was flooded after the Ice Age (Sauramo, 1939), except the basin of Lake
Inarinjirvi.

It is possible. that the major part of the aquatic fauna spread to Utsjoki via
this basin from the east or northeast.

In southern Lapland. the remains of many molluscs have been found in the
calcareous deposits of the pre-Boreal an Boreal period (Sarmi, 1963 and Vasart
et al,, 1963). The Boreal period may have been favourable for the dispersal of
many calciphilous species since the alcalinity of the waters was higher then than
nowadays (Vasarr et al., 1963). The process leading to dystrophic conditions was
accelerated during the Atlantic period.

Owing to the fact that the region of Finnish Fjeld Lapland was not flooded
during any postglacial stage by the Baltic, glacial relicts are lacking in this area.
They have not been found in the Petsamo area either (JARNErELT, 1934). The
northernmost limit of relict crustaceans in eastern Fennoscandia follows the 68 th
parallell of latitude (SEGERSTRALE, 1957). In the lakes of the Kola Peninsula some
relicts such as Pallasea quadrispinosa, Mysis relicta, Pontoporeia affinis and
Coregonus albula have been recorded (SEGERSTRALE, 1957, ZuapiN & Gerp, 1963).

Some species such as Gammarus lacustris and some arctic insects may have
spread to Finnish Lapland from Norway, where they survived the Ice Age in
various refuges (cf SEGERSTRALE, 1956, Bacce, 1964). The finds of Arianta
arbustorum in the Kilpisjarvi region provide proof of a recent migration of
animals from Norway to Finnish Lapland.

The River Tana and its tributaries, although flowing into the Arctic Ocean,
may also have had some importance as a migration route for some aquatic
animals in Utsjoki. This natural highway is nowadays used by anadromous fishes
such as Salmo salar and Anquilla vulgaris. Water fowl and gulls such as Larus
canus, Larus ridibundus and sometimes Larus marinus have also been obser-
ved to follow this route to the interior.

It is possible that the species Gammarus lacustris and Gasterosteus aculeatus
(which is of the leiurus type in Kevojarvi Varis, 1964 pers. comm.) have spread
by this route too.
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The rivers Tornionjoki and Muonionjoki flowing into the oligohaline
Bothnian Bay may have played an important réle for aquatic animals as a mig-
ration route to Kilpisjarvi. On the other hand the affinity between the fauna of
this lake and that of the lakes in the Scandinavian mountain area points clearly
to migration from that direction.

VIII. THE LIMNOLOGICAL LAKE TYPE CONCEPT AND ITS
APPLICATION TO THE WATERS STUDIED

One of the two lakes studied, Kilpisjirvi, belongs to the ultraoligotrophic
lake type (cf. Brunpiy, 1958 and ZuapiN and Gerp, 1963). The greatest depth
of the lake is 50 m, which does not quite fit ZuapIiN and GErD’s definition of
ultraoligotrophic lakes (they postulate a depth of over 100 m), but many other
features of the lake such as great average depth, clear and cold water, a high
oxygen tension even in the water near the bottom and weakly developed higher
vegetation accord well with the concept of ultraoligotrophy.

The importance of the depth factor for ultraoligotrophy seems to decrease in
the subarctic area, where primary production is limited by the short growing
period, low summer temperatures, the small amount of biogenic salts and the slow
decomposition of organic matter.

The plankton of the lake is poor in species (JARNEFELT, 1956) and the pro-
ductivity is rather small compared with many of the more southern lakes. Do-
minant species in the phytoplankton are the w algae, Ankistrodesmus falcatus,
Melosira distans and Cyclotella species (JARNEreLT, 1956). The last-mentioned
were also dominant in the plankton of Lake Kevojirvi together with Tabellaria
species in July 1963.

According to the quality of the bottom sediments, the lake belongs to the
group of Scandinavian mountain lakes. Although the lake is situated in an area
rich in calcium, the Ca content of the water is small, varying from 2.9 to 3.5
mg/l at depths of 0—5 m and from 3.0 to 3.4 mg/l in the profundal zone
(JArnerELT, 1956). The calcium brought by the waters flowing into the lake
may soon sink to the bottom.

The high oxygen tension and low temperature throughout the year (Figs
16 and 17) are favourable ecological factors for the existence of cold stenother-
mal steno-oxybiontic species in the lake. According to the animal community in-
habiting the profundal zone of the lake, it can be included among the H ete-
rotrissocladius subpilosus lakes which are described by Brunpin
(1958) as characteristic of the arctic area of Europe. According to him, some
of the species typical of such lakes are Protanypus caudatus Edw., Monodia-
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mesa ekmani Brund., and Heterotrissocladius subpilosus (Kieff.). In view of
their great abundance in Kilpisjirvi the species Pisidium conventus Cless.,
Neobrachypoda ekmani Walt., and Otomesostoma auditivum (Plessis) also
appear to be indicator species for this lake type.

The number of species is small in the profundal zone of the lake, but the
densities are great (Table 6) compared with those with many other Finnish
lakes. In the littoral the number of species is greater and the fauna consists of
both eurybathic cold stenothermal species and eurytopic species such as Lumbri-
culus variegatus Miill, Pisidium lilljeborgi Cless etc. Although the densities of
the bottom fauna are great, the standing crop is smaller here than in the littoral
of Kevojarvi on account of the small amounts of molluscs and large insect larvae
(Table 3). According to the dominant species, the littoral zone of Kilpisjirvi
can be considered as representing the Tanytarsus lugens community
(cf. Brunpin 1958).

The average densities and biomass values of the bottom fauna of Kilpisjirvi
show a remarkable decrease at depths below 15—20 m, where the quality of
sediments changes (Fig. 6). In this zone the boundary between the animal
communities mentioned above can also be observed.

The fauna of the stony bottoms of the lake is poor in species and consists of
larvae and nymphs of Trichoptera, Plecoptera, Coleoptera and Ephemeroptera.
A great part of them have a high boreal or an arctic distribution area, and
among the stoneflies several «Gletscherrand« species (ILLies, 1955) can be seen.
The high number of these species in the lake is due to the cold oxygen-rich
water of the littoral zone and is thus a result of the combined influence of the
high altitude and large area of the lake.

Kevojirvi is oligotrophic but has some mesotrophic features such as a well-
developed zone of aquatic vegetation. Considering the broad Myriophyllum
zone in the lake, we can assume the primary production to be very high in the
littoral. The littoral fauna is also rich consisting of both eurybathic cold ste-
nothermal and eurytopic littoral species. The standing crop of the littoral
fauna is somewhat higher than in the littoral zone of Kilpisjarvi. The number
of arctic and high boreal stoneflies and mayflies is, however, small here owing
to a weakly developed surf zone.

Other features which distinguish the lake from Kilpisjirvi are its small
average depth and low transparency, an oxygen deficiency in the deepest basin,
and a great amount of detritus and other allochthonous matter, especially in
sediments at a depth of 2.5 m and below 10 m. The depletion of oxygen during
the decomposition of the allochtonous matter and a slight siderotrophy are
pathogenic factors limiting the bottom fauna of the lake. Owing to them the
densities of the bottom-living organisms are low below a depth of 10 m. However,
no great difference is seen between the biomasses of the profundal zones of the
two lakes (Table 4).
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The dominant species in the profundal zone of Kevojirvi are Sergentia
coracina Zett. and Tubifex species. In the littoral and upper profundal zones
the species Stictochironomus rosenscholdi Zett., Chironomus anthracinus Zett.,
and Pisidium species are common. According to the dominance of these species
and to the bathygraphic distribution of the whole bottom fauna, Kevojirvi can
be considered as one of the Tanytarsus lugens lakes (cf. Brunpin, 1958).

In the small bodies of water the soft bottom fauna is weakly presented. The
ecological conditions obtaining in these waters are often very unusual and
the number of ecological niches is small. Their fauna shows only a small
affinity to the littoral fauna of the two lakes (Table 17).

Owing to the boggy environment a slight dystrophy is found in many small
tarns in Utsjoki. The dystrophy seems to be a remarkable ecological factor
causing similarity between the faunae of tarns at different altitudes. The domi-
nant species in all dystrophic habitats in the area are water beetles and their
larvae, nymphs of dragon-flies and some cladoceran species. The cold stenother-
mal species, however, are more numerous in the alpine tarns than in the silvatic
area, which may be due to the temperature factor (Table 2).

IX. SUMMARY

In this paper the ecology, abundance and distribution of the aquatic macro-
fauna in the subarctic waters of Finnish Fjeld Lapland have been discussed.
The material was collected during the summers 1962, 1963 and 1964 in two
lakes, eleven tarns, and several habitats in rivers, streams and brooks, especially
those in the Utsjoki region. Hydrographically the waters studied are rather
uniform. Except for Kevojirvi and some alpine tarns (after heavy rainfall)
all of them have a clear, cold water with a high oxygen tension near the bottom
throughout the year. A slight oxygen deficiency owing to the decomposition of
the allochthonous matter and a slight siderotrophy are pathogenic features
limiting the bathygraphic distribution of the bottom-living animals in Kevojarvi.

In the quantity and distribution of the species there is a clear difference
between the faunae of the two lakes. According to the animal community
inhabiting the produndal zone of the lakes, Kevojirvi can be included among
the Tanytarsus lugens lakes and Kilpisjarvi among the Heterotrissocladius sub-
pilosus lakes. The standing crop of the former lake had an average value of
3.32 g/m?, being only 1.25 g/m? in Kilpisjarvi. The average densities, however,
were much higher in the latter lake owing to the high numbers of Orthocladiinae
present at every depth zone. The predominant animal groups in both lakes were
midge larvae which constituted 55.3 % of the whole bottom fauna in Kilpis-
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jarvi and 28.7 % in Kevojarvi, oligochaetes 27 % in Kilpisjarvi and 44 % in
Kevojarvi, and pea-mussels 3.6 % in Kilpisjarvi and 13.3% in Kevojirvi.
Compared with the fauna of the waters in the Virihaure area (N. Sweden;
Brinck & WiNGsTRAND, 1949) the fauna of different aquatic habitats studied
show a considerable heterogeneity. The highest affinity values are between the
fauna of streams and river pools, on the one hand, and between the fauna of
rivers and streams, on the other; i.e. in waters where the current is a dominant
ecological factor. The faunal similarity between the littoral zones of the two
lakes is greater than that between the lakes and other bodies of water. The
dystrophy was found to be a remarkable ecological factor causing similarity
between the faunae of tarns at different latitudes.
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