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Remains of larvae of caddis flies (Insecta, Trichoptera) and non-biting midges
(Insecta, Chironomidae) were recorded in core samples dated at 12 000-11 000 and
about 20 000 B.P., respectively, from lakes on Andgya, Norway (69°15’N). All
caddis remains belonged to Apatania zonella (Zetterstedt). 4 Orthocladinae species,
Pseudodiamesa sp., Metriocnemus obscuripes (Holmgren), Sp. A and Sp. B

(Ortocladius sp.?) were found.

Fragments of a crustacean, Lepidurus arcticus Krgyer, were present in sediments

dated to ca 12 800 B.P.

Ice-free areas and lotic/lentic (running/standing water) habitats have been present
on Andgya at least from ca 22 000 B.P. Of insects, chironomids must have been

one of the earliest colonizers of freshwater habitats, and we suggest that A. zonella
was the first arctic/alpine caddis species to colonize Norway after the last ice age.

The existence of an ice-free coastal refugium, from at least 22 000 B.P. on Andgya,
strongly suggest an early southwards migration of arctic/alpine aquatic and terres-
trial invertebrates from this area through Norway and Sweden, in addition to immi-
gration from the south and east during and after the deglaciation.

John O. Solem, University of Trondheim, The Museum, N-7004 Trondheim,
Norway. Torbjgrn Alm, Institute of Biology and Geology, University of Tromsg,

N-9000 Tromsg, Norway.

Introduction

At the peak of the last glaciation (ca 20 000 to
18 000 B.P.), almost the entire Scandinavian
peninsula was covered by ice. The main
deglaciation occurred approximately 14 000
to 9 000 years B.P. However, some areas
along the coast of Norway were deglaciated
earlier. On the island of Andgya (69°15’N),
where this study was carried out, deglaciation
started about 22 000 B.P. (Alm 1993). Thus,
in a geological perspective the fauna of Nor-
way is young.

The climate in front of the inland ice placed
severe demands on aquatic animal life, for
example, because of low water temperature,
as it does near glaciers today. Vik (1971) put
forward some general theories about an early
aquatic insect fauna in front of glaciers in
Norway, but few fossil data were available.
Our study of sediment samples from two
lakes on Andgya gives some clues on this
matter. The objective of this paper is to pre-
sent some evidence that an early southern
migration of invertebrates into Scandinavia
could occur from its northernmost areas, and
not only from south and east which has been a
common opinion.
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Sediment columns extending back to 18 000-
22 000 B.P. are available from several lakes
on Andgya. They offer unique possibilities
for studying the macro- and microfossils of
Late Weichselian lacustrine and terrestrial
environments. So far, most studies have been
centred on pollen, spores and other microfos-
sils (K.-D. Vorren 1978, T. Vorren et al. 1988,
Alm 1990). A few macrofossils, e.g. mammal
and avian bones, have also been recorded
(Fjellberg 1978, K.-D. Vorren 1978).

Alm & Birks (1991) carried out a study of
phanerogam diaspores in the Nedre Arasvatn
sequence. The samples investigated also con-
tained insect remains, in particular head cap-
sules of midges (Diptera, Chironomidae),
which were studied by Alm & Willassen
(1993). The present paper focuses on the
remains of caddis larvae (Insecta, Tricho-
ptera) in samples from Nedre Arasvatn, but
notes on the crustacean Lepidurus arcticus
Krgyer are also given. However, we also
comment on finds of larvae of non-biting
midges (Diptera, Chironomidae) from @vre
Arasvatn.

The use of caddis remains as indicators of
past environments has been explored in North
America and Europe for the last 30 years. In
Scandinavia, Lemdahl (1991) reported fossil
caddis remains from southern Sweden, and
Birks et al. (1993) from western Norway. Be-
cause the insect larvae and the crustacean
considered here do not fly, their remains
represent local assemblages, even though
lotic depositional sites may include speci-
mens transported from upstream areas.
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Study area

Andgya is the northernmost of the Lofoten -
Vesterdlen islands in northern Norway
(Figure 1). This study concerns samples from
two lakes, Nedre and @vre AErésvatn. They
are situated near the northern tip of the island,
at 69°15’N. Nedre Aréasvatn (35 m a.s.l.) is a
small (about 450 x 600 m) shallow lake, with
a present-day maximum depth of only 2.5 m.
@vre Arasvatn is slightly larger, with present-
day depths up to 6 m (Figure 2).

Both lakes have yielded extensive Late
Weichselian sediment columns. The bottom
sediments in Nedre Arasvatn were deposited
about 20 000 B.P, but were disturbed and
compressed by a brief glacial advance about
18 500 B.P. (T. Vorren et al. 1988, Alm 1990).
Neighbouring Endletvatn was deglaciated
about 18 000 B.P. (K.-D. Vorren 1978, Alm
1990).

@vre Arasvatn, in a somewhat more protec-
ted position, has not been directly affected by
glacial activity since at least 22 000 B.P. (Alm
1990). Here, undisturbed lacustrine strata
testify to the existence of a small, unglaciated
lowland area and at least one freshwater basin
about 22 000 B.P. (Alm 1990).

The sediments deposited in Nedre Arasvatn
at ca 20 000 to 15 500 B.P. contain numerous
tissue fragments of marine algae (T. Vorren et
al. 1988, Alm 1990, Alm & Birks 1991), indi-
cating a glaciomarine origin for this part of
the sequence. Isolation from the sea took pla-
ce about 15 500 B.P. Subsequent lacustrine
strata comprise various freshwater algae (e.g.
Pediastrum boryanum (Turp.) Meneghini)
and variable numbers of chironomid remains
(Alm & Willassen 1993).
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Fig. 1
A. Key map. B. Map of northern Andgya showing the position of Nedre Arasvatn (&), @vre

Arasvatn (@), Endletvatn (E) and Storevatn (S).

Fig. 2

View east from the top
of the Arasen hill, sho-
wing Nedre Arésvatn
(foreground), Endletvatn
(background), and @vre
Arasvatn (to right).

1

© Norwegian Institute for Nature Research (NINA - http://www.nina.no).
Please contact NINA, NO-7485 Trondheim, Norway for reproduction of this paper in whole or part.



Fauna norv. Ser. A 15: 9-18. 1994

Material and methods

At Nedre Arasvatn, cores were taken through
the frozen lake in April 1982 using a Geonor
piston corer and 110 mm PVC tubes. Sediment
depths of up to 10.6 m were recorded, inclu-
ding more than 6 m of clay, silt and gyttja
deposited about 20 000 to 10 000 B.P. A detai-
led litho-, chrono- and biostratigraphical
account has been given by T. Vorren et al.
(1988), supplemented by Alm (1990), Alm &
Birks (1991) and Alm & Willassen (1993).

Fossil samples were taken from the cores des-
cribed by T. Vorren et al. (1988) and Alm
(1990), in the form of 1 to 5 cm thick half-
core slices. Their volumes were measured by
displacement in water. Samples were treated
with 10 % KOH for 24-48 hrs, and sieved
through 2.0 and 0.25 mm sieves. Residues
were studied under a binocular microscope,
and the fossils were picked out.

Our fossil data are based on 45 samples from
Nedre Arasvatn, covering the 20 000 to 11
000 B.P. interval, supplemented by nine @vre
Arasvatn samples (ca 22 000 to 19 000 B.P.).
To compensate for the very variable sample
sizes, the results from Nedre Arasvatn
(Figure 3) are presented in terms of concen-
tration values (numbers/cm3).

The genus and species of caddis larvae were
determined using sclerites of frontoclypeus,
parietals and pronotum (Figure 4). Williams
(1989) also used frontoclypeus and pronotum
to determine caddis larvae. The final species
identification was achieved by comparing
pronotum with known species. Solem (1985a)
gave the characteristics used for identifying
Nordic Apatania spp. A number of leg
remains were also present, but were not used
in the identification work.

The chironomids (non-biting midges) were
identified by remains of head capsules. Loose
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caudal segments and mandibles of the crusta-
cean Lepidurus arcticus were compared with
drawings made by Sars (1896). This identifi-
cation is based on the fact that L. arcticus is
today the only Lepidurus sp. now occurring
in Fennoscandia.

Results

Only three macrofossil samples from Nedre
Arasvatn yielded remains of Trichoptera.
They are situated in the uppermost part of the
section at about 12 000 to 11 000 B.P,, in lay-
ers deposited during the Allergd amelioration
(Figure 3). Only one species, A. zonella, was
present. In @vre Arasvatn, remains of chiro-
nomid head capsules were found in two sam-
ples near the base of the sequence, dating
from 19 000 to 22 000 years B.P, and
Pseudodiamesa sp. (4 specimens), Metrioc-
nemus obscuripes (7 specimens), Sp. A (1
specimen) and Sp. B (Ortocladius (7), 1 spe-
cimen) were identified.

Remains of the crustacean L. arcticus were
recorded in several samples from Nedre
ZArasvatn. Loose caudal segments were found
in 7 samples from about 12 800 B.P. to about
11400 B.P.

Lepidurus occurs in low concentrations
(Figure 3). Maximum numbers occurred
during the initial (main) Bglling amelioration,
about 12 800 B.P,, and in the late Bglling to
Allergd strata deposited around 12 100 to 11
400 B.P. The apparent absence around 12 300
B.P. may reflect the small size of the sample
studied. With this single exception, the even
representation suggests that the species was
present throughout the 12 800 to 11 000 B.P.
interval.
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Fig. 3

Concentration diagram (numbers/cm?) showing distribution of some macrofossils in the
Nedre Arésvatn sequence (black). Supplementary curves x10 unless otherwise stated.
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Fig. 4
Frontoclypeus and pronotum of Apatania
zonella from sediments on Andgya.

Discussion

. In recent years, remains of caddis larvae have
proved a promising palaeoecological tool
(Williams 1987, 1988), even if only a single
species was found. In the present study only
A. zonella was found.

In view of the current knowledge of the habi-
tat requirements of caddis (and chironomid)
larvae it is pertinent to ask what species
assemblage could be expected to manage to
live in a habitat as that on Andgya 22 000 to
12 000 years B.P. and thus be early immi-
grants in other areas of Norway? The abun-
dance of glacial meltwater produces low wa-
ter temperatures in front of a glacier, influen-
cing the aquatic vegetation and the compositi-
on of the aquatic insect fauna.

14

Climate has both direct and indirect effects on
insects. Air temperatures and winds directly
affect the ability of adults to move about,
mate and oviposit. Development of the aqua-
tic larval and pupal stages is influenced
directly by water temperatures and indirectly
through the effects of air temperature and
precipitation on terrestrial and aquatic vegeta-
tion and soils, and in turn affects the water
chemistry and supply of food for aquatic
insects (Williams 1989).

A. zonella is a cold-stenothermous species
living in running and standing waters in
mountainous areas of Scandinavia. It is the
only caddis fly recorded on Spitsbergen, as
far north as 80°N (Solem et al. 1977). Thus,
the aquatic habitat(s) on Andgya around 11
000-12 000 B.P. and earlier may have been
quite similar to the sites inhabited by A.
zonella today. It is also the only species that
may be abundant in high mountainous areas
in Norway (Solem 1985b). This agrees with
the assumption made for Coleoptera by
Coope (1977), that morphological stability
implies physiological stability and therefore
similarity in ecological requirements.

A. zonella feeds by grazing algae and other
organisms (periphyton), that grow or live on
stones. It is a high arctic/alpine and northern
Holarctic species with a flexible (one, two or
more? year) life cycle, mostly reproduces by
parthenogenesis  (Gislason 1981, Solem
1985a), and has many features needed for
living and surviving in extreme habitats.

The pre-22 000 B.P. glacial record and lacus-
trine history of Andgya is basically unknown.
Chironomid remains from about 22 000 and
16 000 B.P., and Fjellberg's (1978) finds from
17 000-18 000 B.P., show that insect commu-
nities have existed on Andgya during the Late
Weichselian. Even if the fossil record is spar-
se and fragmentary, the cold-stenothermal
A. zonella may have been present on Andgya
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throughout the Late Weichselian, but in low
numbers.

Sedimentation in @vre Arasvatn started
about 22 000 B.P. and Alm (1993) suggested
a slightly humid climate during this early
deglaciation phase, with modest precipitation
supporting small streams. The records of chi-
ronomid larvae in layers in @vre AErdsvatn,
dating back to 19 000-22 000 B.P., show that
habitats for freshwater invertebrates that can
endure low water temperatures, e.g. chirono-
mids and A. zonella, were present during this
early phase. Like A. zonella, the chironomids
Pseudodiamesa and Metriocnemus obscuri-
pes inhabit both running and standing water,
and therefore the type of aquatic habitat that
was present 19 000-22 000 B.P. cannot be sta-
ted.

In Nedre AErasvatn, Alm & Willassen (1993)
found no indications of a true lentic chirono-
mid fauna before 15 500 B.P., but larvae of
the chironomid Metriocnemus obscuripes
were found in samples from around 16 000 to
15 800 B.P. The fossil record (Figure 3) indi-
cates that chironomids, cladocerans and eu-
branchiopods established a lentic community
before A. zonella appeared.

According to Banarescu (1991, p. 851), A.
zonella belongs to the “Northern ice cap mar-
ginal species”, where he also places L. arcti-
cus, with the following definition of such spe-
cies: “cold-adapted species, originally from
the extreme north of the continent (or from
entire Eurasia), pushed southward during the
Ice Age into Central Europe, where they ente-
red the glacial mixed fauna, but were restric-
ted to the northern belt inhabited by this fau-
na.”

This may be true for A. zonella also, but it
may equally well have survived in Asia whe-
re the group most probably originated
(Malicky 1988). Our opinion is that A. zonel-

la and other arctic/alpine freshwater inverte-
brates colonized ice-free areas in northern
Scandinavia from the east and migrated south
from these ice-free areas after the last degla-
ciation. The migration route thus has both an
eastern and a northern component. Some nor-
thern invertebrates probably met their sout-
hern distribution limit for climatical reasons.
Lillehammer (1974) and Lillehammer et al.
(1980) showed how the number of Plecoptera
increases towards the east of North Norway,
and partly linked this with an immigration
from east. In the case of Plecoptera, historical
immigration was considered one of the main
factors for explaining the geographical distri-
bution today. In Norway, one northern species
of freshwater snail (Gastropoda), Valvata
sibirica Middeldorff, is restricted to the sout-
heastern part of Finnmark (cf. J. @kland
1990). It has obviously originally immigrated
from the east. Lack of continuous waterways
prevented its further distribution southwards
(J. @kland 1990). However the plecopteran
species in question, like the gastropod
Valvata sibirica, immigrated from the east to
southeastern Finnmark. But, after the deglaci-
ation A. zonella may have migrated to southe-
astern Finnmark from the west (Andgya) as
well as from the east.

Today, the genus Apatania is widely distribu-
ted in the Northern Hemisphere, and is one of
the few caddis genera that has a circumpolar
distribution. The present distribution of
A. zonella is Russia, Finland, the Baltic coun-
tries, north Sweden, Norway (common in
montane areas), Spitsbergen, Iceland, Green-
land and northern North America. There is no
record of A. zonmella in south Sweden,
Denmark, Germany, Great Britain (one record
in Britain has proved not to be A. zonella, J.
O’Connor pers. comm.) or Ireland. Nor is there
any fossil data on A. zonella from these areas.

Kverndal & Sollid (1993) state that nunataks
plausibly existed in northern Troms, north of
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Andgya, during the Late Weichselian maxi-
mum. Our data (and those of others) show
that ice-free areas existed on Andgya during
the Late Weichselian maximum and that
some hardy arctic/alpine species survived
there. Thus, the records of insect and crusta-
cean remains on Andgya strongly indicate
that some freshwater (and terrestrial) inverte-
brates survived the Late Weichselian maxi-
mum on Andgya and were able to colonize
central and southern Norway and Sweden
from the north during the deglaciation period,
and not only from the south and east, as has
been generally held in response to the “tabula
rasa” thinking which arose around 1850. Du-
ring the subsequent deglaciation, A. zonella
probably closely followed the ice front from
the north.

The Allergd record of A. zonmella in Nedre
Arasvatn coincides with a marked climatic
shift about 12 000 B.P. In terrestrial habitats,
this change is characterized by fewer grasses
(as recorded by pollen and seeds) and a strong
increase of Oxyria pollen (T. Vorren et al.
1988, Alm 1990, Alm & Birks 1991). T.
Vorren et al. (1988) interpreted this as a shift
towards a more humid climate, leading to
increased precipitation and surface runoff.
The Apatania record may support this, indi-
cating an increased availability of freshwater
habitats.

The record of L. arcticus in Nedre Arasvatn
coincides with the late-glacial Bglling
through Allergd ameliorations (about 12 800
to 11 000 B.P.). Both freshwater algae and
other microfossils (T. Vorren et al. 1988, Alm
1990) and chironomid remains (Alm &
Willassen 1993) suggest increased lacustrine
productivity during this phase (Figure 3).
Today, L. arcticus is distributed in high
mountainous areas in Norway, and is found at
sea level on Bjgrngya and Spitsbergen. It is
regarded as an arctic relict in Scandinavia
(Sars 1896). However, L. arcticus is common
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in Late Weichselian sediments dated to 13
000-12 500 and 11 000-10 300 B.P. in sout-
hern Sweden and easternmost Finland. In
Norrbotten, northern Sweden, Aronsson et al.
(1993) recorded it in 100 000 year old sedi-
ments. It has also been recorded in sediments
dating from 12 000 to 10 000 years B.P. in
western Norway (K.A. @kland 1978). Fossil
remains of L. arcticus are also found in the
British Isles (Morrison 1959, Taylor & Coope
1985). Hence, these fossil records show that
L. arcticus could colonize Norway and
Scandinavia from the north, east and south,
and thus we think the immigration pattern of
L. arcticus differed from that of A. zonella.
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Sammendrag

Nordlig innvandring av ferskvannsinver-
tebrater i Norge, med kommentarer til
skjoldkrepsen Lepidurus arcticus, fjcer-
mygg og utbredelsen av varfluen
Apatania zonella.

John O. Solem & Torbjern Alm

Rester av fjermygg (4 Orthocladinaearter) er
funnet i sedimentprgver som er 22 000 til 19
000 &r gamle og kommer fra vann pd Andgya,
Troms (69°15°N). Det er ogsa funnet fjar-
mygg i sedimenter ca 16,000 ar gamle, og
skjoldkreps (Lepidurus arcticus) og en varflu-
eart (Apatania zonella) i sedimenter 13 000 til
12 000 ar gamle. Andre botaniske og zoolo-
giske funn viser at nordlige deler av Andgya
har vert isfri sa langt tilbake som 22 000 ar,
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kanskje lenger, og at det har vert dyreliv der i
alle fall tilbake til den tiden. Da ismassen som
dekket Skandinavia hadde sin stgrste utbre-
delse for 20 000 til 18 000 &r siden var dette
omradet totalt adskilt fra dyrelivet sgr for
isranden. Da isen smeltet, med hovedavsmel-
ting mellom 14 000 og 9 000 é&r tilbake, kun-
ne dyrepopulasjonene pd Andgya, og som
hadde overlevd maksimum isutbredelse,
kolonisere sydligere deler av Norge og
Sverige fra nord. A. zonella som i dag ikke
har utbredelse sgr for maksimum sydlig
isrand, og som heller ikke oss bekjent er fun-
net i noe sydlig fossilt materiale, md ha
kolonisert mellom og syd Skandinavia fra
nord. Noe annerledes er situasjonen for fjer-
mygg og skjoldkreps. Fossilt materiale av
skjoldkreps er funnet i sydlige Norge, sydlige
Sverige og sydlige Finland. Den kan derfor
ha fulgt isranden bade fra nord, sgr og gst til
de omrader den lever i dag. Dette er ogsa et
mgnster som fjermygg kan ha hatt.
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