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This paper presents data on the distribution of G. lacustris in Lom municipality, Oppland -
County, southern Norway. The species has been recorded at 20 different localities.

The occurrence of G. {ucustris in the studied area seems mainly to be affected by the hy-
drogen ion concentration and total hardness of the water. Fish predation pressure may also
influerice ihe occurrence and abundance of this crustacean.

G. lacustris survived a water level fluctuation of 7.3 m (range 3.7 m — 11.8 m) in the
Tesse hydro-electric reservoir, during a period of 20 years, but not the more recent annual

changes in water level of 12.2 m.

Trygve Hesthagen, Directorate for Wildlife and Freshwaterfish, P.O.Box 63, N—1432 As-

NLH, Norway.

INTRODUCTION

The freshwater amphipod Gammarus lacustris
G.0. Sars survived the last Ice Age in refuges on
the west and north coast of the Scandinavian pe-
ninsula, and spread from these areas far into the
interior (Segerstrale 1954).

G. lacustris is probably one of the most im-
portant fish food organisms for brown trout
Salmo trutta L. in Norway (Berg 1951, Semme
1954).

Okland (1969a, 1980) concluded, after outli-
ning the distribution of G. lacustris in Norway,
that the distribution of this species was affected
mainly by hydrographical and geological fac-
tors. Hynes (1960) stressed the significance of
dissolved salts for freshwater Crustacea.

Fish predation has also been discussed in rela-
tion to the distribution and abundance of G. la-
custris (Klemetsen 1966, @kland 1969a, 1980).
The influence of this factor seems to vary, ho-
wever, depending on the locality.

This paper considers the distribution and eco-
logical requirements of G. lacustris within the li-
mited geographical area of Lom municipality in
Oppland Country, Southern Norway.

THE STUDY AREA

Lom municipality is situated in North-Gudb-
randsdalen in Oppland County (62°N, 9°E) and
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includes most of the central regions of Jotunhei-
men.

About 90 % of the area concerned (1951 km?2)
is situated > 900 m above sea level, and consists
mainly of glaciers, bare rocks and bogs.

With few exceptions, brown trout is the only
fish species in the municipality.

METHODS

The distribution of G. lacustris was mapped by
examining fish stomach contents, and by using a
rod sieve to collect samples along the shores of
lakes and small ponds.

One water sample was collected at the outlet
of each lake, mainly in July. Hydrogen-ion con-
centration (pH) was measured electrometrically.
Total hardness, given in German degrees of
hardness (1°dH = 10 mg «CaO»/1), was measu-
red by an atomic absorption spectrophotometer.
Values of pH and °dH for lakes at Memuru-
tunga were compared with those earlier found
by J.A. Eie (pers. comm.) and showed very good
agreement.

RESULTS
Distribution

The only previous records of G. lacustris in Lom
municipality have been from the lakes Tesse and
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Table 1. Localities inhabited by G. lacustris in Lom municipality, with hydrochemical data.

Total hardness Alti- Position
Locality pH (°dH) tude (m) (UTM)
Heydalsvatn 6.8 0,35 906 32V-MV 5337
Nedre Bakkebergtj. 7.4 2,25 994 « 5436
Leirastjern 7.3 2,25 939 « 5941
Ovretjern 6.8 0,45 1451 « 7415
Trygvetjern 7.0 0,40 1357 « 7516
Lagtungtjern 6.7 0,47 1341 « 7516
Ovre Hesttjern 6.7 0,20 1560 « 7719
Nedre Hesttjern 6.7 0,20 1472 « 7919
Grenbutjern 6.7 0,25 1299 « 8638
Nautgardtjern 6.8 0,40 1230 « 8837
Nedre Ringtjern 6.5 0,75 1295 « 9241
Smadalsvatna 6.8 0,50 1076 « 8742
Sylvetjern 6.6 0,30 1401 « 9448
. Dagatjern 6.9 0,78 857 « 9746
Tesse 6.8 0.43 851 « 9847
Ostjern 6.9 0,38 851 « 9753
Sere Kopptjern 7.1 0,50 1140 « 9153
Krosstjern 7.0 0.45 1076 « 8756
Ausa 6.8 0,58 1002 « 8156
Arsjo (Kjorri) 6.7 1,63 362 « 7856

Sylvetjern (Segerstrale 1954), Arsjo (@kland
1969b, 1979), Hoydalsvatn (Fiskerikonsulenten
for Ost-Norge 1974) and Smadalsvatna (Borg-
strom & Saltveit 1975). This paper presents data
from an additional 15 localities (Table 1).
Except for Arsjo (altitude 362 m), the locali-
ties are all situated in the subalpine and alpine
region, between 851 —1560 m above sea level.
Tesse is used as a hydroelectric reservoir. Du-
ring the period 1943—1963, the water level
fluctuation exceeded 6.5 m in 15 years (Fig. 1),
with a yearly mean of 7.3 m (range 3.7 m —
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Fig‘ 1. Water level ﬂuctuatlon in the hydroelectric re-
servoir Tesse during the period 1943—1979.
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11.8 m). During this period, G. lacustris still oc-
curred frequently in the reservoir. In 1963 the
Veo river was diverted into Tesse, and the water
amplitude changed to 12.2 m annually. Since
then G. lacustris has not been registered in this
reservoir.

The fact that the water level in Tesse was only
slightly increased artificially during the period
1943 —1963, implies less damage to the habitat
of G. lacustris.

The channelling of the turbid Veo river into
the Tesse reservoir has reduced the Secchi disc
transparency, Zsp, from 8 —10 m (Huitfeldt-
Kaas 1906) to 4 m measured in 1979. This can
have reduced primary production in the reser-
voir, but its effect on the population of G. lacus-
tris is unknown.

Previous studies have shown that when wa-
ter level changes in hydroelectric reservoirs ex-
ceed 6 m, G. lacustris populations either disap-
pear or become too reduced to be of importance
as fish food (Grimas 1962, Aass 1969).

G. lacustris, however, occurs in Dagatjern,
close to Tesse. One specimen of G. lacustris was
found in Tesse in 1979 near the outlet of Dagat-
jern Creek. It was decided that it had been dis-
placed from its original habitat into Tesse.

In Ostjern, at the original outlet of Tesse, G.
lacustris still occurs. Tesse flows into this pond
only at high water level.
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Fig. 2. Total hardness (°dH) and pH values from 20
localities containing G. lacustris (solid marks) and
that from 44 localities where the species has not been
detected (open marks).

Hydrochemical factors

Fig. 2 shows pH and total hardness for the loca-
lities inhabited by G. lacustris. Corresponding
values from 44 other localities where the species
has not been detected are shown on the same fi-
gure.

The lowest value from localities of the first ca-
tegory was pH = 6.5 (range 6.5—7.3) and total
hardness = 0.2°dH (range 0.2—2.25). Corre-
sponding values from the areas not supporting
populations of G. lacustris were 6.0 (range
6.0—6.8) and 0.1 (0.1 —0.76) respectively.

DISCUSSION

Most of the lakes and tarns in Lom Statsalmen-
ning, which represents the main part of the loca-
lities containing fish populations in Lom munici-
pality, have been investigated. Some locations
inhabited by G. lacustris in Lom municipality
may have been overlooked, particularly where
the species is scarce.

Downward migration of parts of the popula-
tion of G. lacustris in July (Bjerknes 1974) may
reduce the chance of detecting the species when
using a rod sieve along the shore-line.
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G. lacustris was found in lakes over a wide
vertical range, indicating that this species is a eu-
rytherm organism. @vre Hesttjern (altitude 1560
m) is probably the highest known locality inha-
bited by G. lacustris in Norway. As evidence of
this wide temperature tolerance of G. lacustris,
Segerstrale (1954) states that the descendants of
glacial refuge stocks also tolerate fairly warm
water.

G. lacustris was registered throughout the
municipality, also in high mountain lakes in ge-
ographic isolated areas. Insufficient dispersal ap-
parently is not the main reason for the absence
of this species in some areas. As a consequence
of immigration history and the fact that disper-
sal is mainly brought about through the inter-
mediation of water fowl, G. lacustris is especi-
ally widespread in Norway (Segerstrale 1954).

The distribution of G. lacustris in Lom indica-
tes that the species is limited by hydrochemical
factors. The species was never found at locations
with a pH below 6.5 and total hardness below
0.2°dH. @kland (1980) documented a synergistic
relation between these two parameters. In mo-
untain areas the species can tolerate lower va-
lues of pH and hardness, and local adaptions do
also exist (@kland op.cit.).

G. lacustris has not yet been registered in the
north-eastern region of the municipality (Hest-
hagen 1979a). The baserock in this area consists
entirely of gneiss, as opposed to eruptive species
of rock in other parts of the municipality (Holte-
dahl & Dons 1960). The range of the pH in the
lakes of this area was 6.1 —6.4 and total hard-
ness 0.13—0.3°dH. This indicates that the distri-
bution of G. lacustris is closely linked to the
more productive species of rocks, and agrees
with the results found by @kland (1969a, 1980)
on the distribution of this species in Norway.

Of 15 different lakes of the plateau Memuru-
tunga, 13 lack natural spawning areas for fish
populations. Therefore these lakes are being
stocked with fingerlings of brown trout. Neither
different stocking density (0.20—0.30 fish/km?2)
nor catch of older fish per standard gill net series
in different lakes can explain why G. lacustris
has been detected in only two of them, Lagtung-
tiern and @vretjern (Table 2). Stocking density
for the other lakes in the area is unknown. Tryg-
vetjern in the same area was empty of fish in
1976 when G. lacustris was registered. Moreo-
ver, pH and total hardness in all the lakes of Me-
murutunga seem favourable for Gammarus
with values between 6.7—7.1 and 0.33—0.56
°dH, respectively, table 2. The absence of G. la-
custris in most of the lakes in this area can there-
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fore not be explained by insufficient water qua-
lity. Neither can different stocking density nor
catch of older fish be related to the occurrence of
G. lacustris in these lakes. Unfortunately, data
on the eventua! occurrence of G. lacustris in
these lakes before they were stocked with
brown trout are not available.

Okland (1969a, 1980) showed that G. lacus-
tris occurred frequently at depths were macro-
vegetation grows, i.e. mainly in the littoral zone.
Dahl (1915) also pointed out that the abundance
of G. lacustris in a lake is dependent on the
depth conditions. Thus different amounts of ma-
crovegetation and cover, providing varying deg-
rees of protection against predation, may exp-
lain why the species is absent in most of the
lakes on Memurutunga.

In Leirastjern G. lacustris occurs frequently in
spite of a dense population of brown trout. The
occurrence of macrovegetation in this lake is
thought to provide sufficient protection against
fish predation.

Sylvetjern was stocked with brown trout for
the first time in 1935. In the 1950’s G. lacustris
was still very abundant in this lake. (T. Holo
pers.comm.). The stocking of this lake conti-
nued, and the trout population is still sustaining
a high yield (Hesthagen 1979b). In spite of re-
peated investigations I have never found G. lacu-
stris in Sylvetjern. A high predation pressure of
the trout population through many years may
explain why the species has not been detected in
recent years.
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